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Summary

Primary care management of risk of type 2 diabetes in women with a history

of gestational diabetes Rebecca Dennison

Gestational diabetes (GD) is dedd as diabetes with an onset or first diagnosis during
pregnancyand blood glucose returning normal after delivery. It is one of the most common
pregnancyonditions, and puts mother and baby at increased risk of pregnancy complications.
After delivery, GD is associated with an increased risk of type 2 diabetes (T2D), which can
lead to cardiovascular disease, renal disease, limb amputation and blindness. This thesis

concerns reducing the risk of T2D in mothers with a history of GD.

Specifically, my tlesis aims to inform strategies to improve care for mothers after a pregnancy
affected by GDI describe the incidence of T2D postpartum, and identify approaches to both
increase uptake of diabetes screening after pregnancy and enable mothers to materbehavi

changes to reduce T2D risk factors.

The first study is a literature review, metaalysis and studievel metaregression of the
incidence of T2D after GD. | included 129 studa#s310,214 women with a history of GD.
Theywere 83 (95% confidencénterval 6.5to 10.6) times more likely to develop T2D than
women with normoglycaemic pregnancies. Overall 17.0% (tt619.0%) women developed

T2D after GD, although there was significant heterogeneity. The relative percentage diagnosed
with T2D was 12%(8 to 16%) higher for each additional year after pregnancy; a third
developed T2D within 15 years. Development of T2D was significantly higher iW\fote
European populations compared to other populations, and in those with higher BMI at follow
up. Thesdindings emphasise the need for both sustained felipwfter GD through screening

and interventions to reduce modifiable risk factors for T2D.

Currently, screening for T2D is recommendediatto 13 weeks after a GD pregnancy, then
subsequently at retar intervals. Historically, uptake of screening has been low. Through a
review of medical records at Cambridge University Hospitals NHS Foundation Trust, in my



second study | identified thaetween October 2014 and March 2Q#7/556 patientsZ5.4%)

did not underga@ postpartum test. Women with lower parity and receiving insulin for GD were

more likely to attend. To explore reasons for this in more depth, in a third study | conducted a
gualitative systematic literature review and thematic synthesis sfutiées. | found that (1)

mot hersoé6 relationship with healthcare, such
with or reinforce prioritisation of screening, (2) practical aspects of both the appointment and

the glucose test itself affectélae opportunity to attend, (3) famigelated practicalities could

act agarriers to attendance, and (4) level of concern regarding diagnosis of diabetes was a key

factor affecting motivation to attend screening.

Despite the increased risk of T2D and asgediaomplications, it is also known that many
mothers find it challenging to maintain a healthy lifestyle after a GD pregnancy, and do not
make changes to their diet or activity levels to reduce their risk. In my fourth study, a qualitative
systematic liteature review and thematic synthesis of 21 studies, | reported six themes that
could act as barriers or facilitators to a healthy lifestyle in this population: (1) role as mother
and priorities, (2) support from family and friends, (3) demands of lif@pgeonal preferences

and experiences, (5) diabetes risk perception and information, and (6) finances and resources.

Based on these two qualitative syntheses, | developed recommendations to promote screening
attendance, healthy diet and physical activitymy fifth study, | used qualitative interviews

to elicit an evaluation of these suggestions from 20 mothers with a history of GD in
Cambridgeshire and Peterborough, in addition to their own ideas for improving postpartum
support (the DAISIeS study). Thesnothers thought that additional advice about how to eat
healthily and exercise when they were busy, and tips for sustaining these changes, would most
help them to reduce their risk. Many wanted more specific information about their long term
T2D risk, bu they often knew enough about the universal benefits of a healthy lifestyle. Both
the participants who had strategies to remember to book their annual diabetes test and those
who were not aware that they were eligible for any postpartum test felt thgtibeited to

attend by a clinician would facilitate screening, particularly if they could choose the location.

Collectively, these studies highlight that women with GD are an edsihtifiable group at

high risk of T2D, and there is@eed for interventions to manage this risk. In this thesis, |
provide evidence to support and inform such interventions, which could include feasible
adaptation to current practice, to improve care. Future research is needed to refine, test and

evaluate ltese strategies.
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Chapter 1 Introduction

| begin this thesis bintroducinggestational diabetedgescribingthe epidemiology as well as
diagnosis andnanagemenf the condition Although the focus of my thesis is on postpartum
managementection 1.Jprovides important context for understandingabadition itself, the
magnitude of the problem as well dsreef understanding ahe lived experiencef gestational
diabetes. | then focus on tlmng-termrisk of type 2 diabetes after gestational diahetd®re

| describe type 2 diabetes in Section 1.2 and current praaticeabetegisk management in
Section 1.3.

1.1 Gestational diabetes

Gestational dibetes(GD) is defined as diabetélyperglycaemia or high blood glucosbat

is diagnosed during the second or third trimester of pregnancy and that was not overt diabetes
before pregnancfi,2). Blood glucose control usually returns to normal after delivery, although
this is not required for a diagnosis of GB). It was first observed in the late 1800s dauer
defined as 06 gond9544,5). Sincathen, thprevhlenteoé@D has increask

so that GDOs consideredy manyas a significant public health challen@s.

1.1.1 Pathophysiology of gstational diabetes

Hyperglycaemia is observed whehe beta cells of the pancreas are unable to produce
sufficient insulin to meet increased requirements during pregn@dyrom midpregrancy

until delivery, placental hormone#creasing maternal adipbgand changes in other organs
lead toincreagng resistance tmsulinin themother(summarised ifrigure1.1A) (8,9). During

a normal pregnancy, pancreatic beta daliseasansulin secretion in ordeio compensat for

insulin resistanceédowever, h GD, the pancreas notable tomeet this increased requirement
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Chapter lintroduction

andhyperglcaemiais observed10). Figure1.1B illustratesthis: insulin sensitivity is lower

during the third trimester than postpartum despigallin secretiorbeing higher during the

third trimester than postpartyrandboth insulin secretion and insulin sensitivity are lower in

a GD pregnancgompared to a pregnanwithout GD

A
Brain
- 1 appetite
- | energy expenditure \
- Insulin resistance Muscle

- Ectopic fat disposition

- | mitochondrial functlon - \
-1 ROS ,‘:// /
==

- Insulin resistance Placenta

- Insulin resistance
- | expandability
- 1 lipolysis
- 1 leptin
- | adiponectin
- 1 free fatty acids
Adlpose tissue - 1 pro-inflammatory cytokines

Liver

Insulm resistance
1 glucose productlon
E it fat di ti
- Beta cell dlsfunctlon ctopic fat disposition
‘H -1 ROS
yperglycaem1a

- 1 placental leptin Gut

- 1 pro-inflammatory - Gut microbiome
cytokines

- 1 placental transport

- 1 fetal growth

B 1,000 7
’ @ Third trimester
O Postpartum
o 4
<
-
=1
2 e
=
3]
-
5]
5]
2]
.g 1
= .
Z Normoglycaemic
— pregnancy
i GD pregnancy
0 T T T T T T T T T T T T |
0.0 0.4

Insulin sensitivity index

Figurel.1: (A) Causes of insulin resistancegestational diabetend (B) he relationship between insulin
sensitivity and insulisecretion impregnanwomenaffected and unaffected lyestational diabetes

Reproduced frorRlows et al2018 (Figure 3)8) and Buchanan 200{Figure 3)(11).
ROS: Reactive oxygen species.

Different causes of insulin resistanteve been suggested, hatdistinction isnot made
between thenn current practiceln 5 to 10%of cases, pancreatic beta cells are destroyed by
the immune systersimilar to what happenis type 1 diabetes (T1D), and an even smaller
proportion of cases are attributed to genetigtations that affect the functioning of the
pancreasndare first detected during pregnarn(®). Compared tautoimmuneindmonogenic

GD, chronicinsulin resisance like type 2 diabetes (T2D) pathologw, by far the most

prevalent form(9). Gestational diabetessipidusis a very rare conditiothat is not relted to
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1.1 Gestational diabetes

blood glucose contr@lL2), therefore throughout this thesis | tke abbreviatiod GD& t o r e f e

to gestational diabetasellitus.

GD is usually asymptomati@Before diagnosis, affected women may experience increased
thirst and tiredness, yethdse symptoms are common duriag healthy pregnancy
Consequently, GD is usually diagnosed through screening all pregnant women, those with risk

factorsor if hyperglycaena is suspected due &mceleratedetal growth

1.1.2 Diagnosis of gestational diabetes

GD is diagnosed using a blood test during pregnancy in women witheekisteng diabetes.
However, which women are screened and theoffstused to define GD have changeger

time and vary according to which guidelines ased.

An oral glucose tolerance test (OGTT) is usually used to diagnose GD. This requires collection
of blood (plasma serum or capillary/venous whole blo@f)er an overnight fast, followed by
consunption of a glucose solution and blood collection at subsequent intelvasmost
commonnowadaygo use 75¢g glucose and three measureméagsr(g plasma glucose [FPG]

1 hour and 2 hours) although 100g glucose and four measuremB@&sl(hair, 2hours and

3 hours) were recommeed previouslyAs described below, differegtycaemic cuioffs have

been defined such that a high result at one or more time points suggests a diagnosis of GD.

Early glycaemic cubffs were based on high#ranaverage reults in an OGTT during
pregnancy (specifically two standard deviatiahsve mean valugsvhich were then modified
according to the risk for the mother developing T2D after pregné@®)y Subsequently, the
O6Sullivan and Ma Gapentecand Coestaritaria ant theeNatiortalh e
Diabetes Data GrouiNDDG) criteria were developed in response to the change in laboratory
practice from whole to plasma blood test{&g). Other parts of the world used different criteria
to the US, and the World Health Organization (WHO) used thepnegnant cubffs for
impaired glucose tolerante define GD(13).

The most significant change in GD criteria came as a result of the multinational Hyperglycemia
and Adverse Pregnancy Outcome (HAPO) study published in 2008, which found a continuous
relationshipwith no obvious thresholtetween the results of the 2 houGOT and adverse

pregnancyoutcomes (including macrosomia, neonatal hypoglycaemia and caesarean section)

(14). The International Association of Diabetes FPregnancy Study Groups (IADPSG)
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therefore determined cufffs associated withreodds ratio of adversagregnancy outcomes of

1.75(15). This was controversidlecause studies that use tA®PSG criteriaconsistently

repat a significantly higher GD prevalence than other stu(lié3 and may doble or triple

the prevalence of G[17,18) This is associated with more women experiencing medicalisation

of pregnancy and significant investment of resources, despite questionable benefits of GD

treatment at that tim¢19). Furthermore, the trustworthiness of a single test result was

discussedMany but not allorganisations have adopted or adapted these guidelines including
the American Diabetes Association (ADA) and WHTB,20) Table 1.1 shows the most

frequently used guidelinesd theirdifferent glycaemicut-offs.

Tablel.1: Diagnostic criteria used for estimating gestational diabetes.

Fasting 1 hour 2 hours 3 hours
Criteria mg/d  mmol/l | mg/d mmol/l | mg/d mmol/l | mg/d mmolll
Early
06 S uah &nd Mahaf21)* 90 5.0 165 9.2 143 7.9 127 7.1
NDDG (22) 105 5.8 190 10.6 165 9.2 145 8.1
Carpenter and Coust#3) 95 5.3 180 10.0 155 8.6 140 7.8
Current
ADA/ACOG' 2003(3) 95 5.3 180 10.0 155 8.6 140 7.8
ADA/ACOG' 2018(1) 95 5.3 180 10.0 155 8.6 140 7.8
ADIPS 2014(24) 92 5.1 180 10.0 153 8.5 - -
DCCP' 2018(25) 95 5.3 - 10.6 - 9.0 - -
DIPSI 2014(26) - - - - 140 7.8 - -
EASD 1991(27) 110/126 6.1/7.0 162/180 9.0/10.0
FIGO 2015(28) 92 5.1 180 10.0 153 8.5 - -
WHO 1998(29) 110/126 6.11/7.0 - - 120//140 6.71/7.8 - -
WHO 2013(30) 92 5.1 180 10.0 153 8.5 - -
IADPSG2010(24) 92 5.1 180 10.0 153 8.5 - -
NICE 2015(2) - 5.6 - - - 7.8 - -

Early guidelines reproduced from Coustad13,Table 1(13). Current guidelines reproduced from
International Diabetes Federation Diabetes AtlaEiition, 2019(31).

ACOG: American College of Obstetricians and Gynaecologists; ADA: American Diabetes Association
ADIPS: Australasian Diabetes in Pregnancy Society; DCCP: Diabetes Canada Clinical Practice; DIP<
Guidelines Diabetes in Pregnancy Society Group India; EASD: European Association for the Study of
Diabetes; FIGO: International Federation of Gynaecology &lustetrics; IADPSG: International
Association of the Diabetes and Pregnancy Study Groups; NDDG: National Diabetes Data Group. NIt
National Institute for Health and Care Excellence; WHO: World Health Organization.

*Using venous whole blood

' There areno established criteria for the diagnosis of diabetes mellitus in pregnancy based eh pustl
load value.

i Refers to whole blood glucose level.

i Recommends either the IADPSG @bep or twestep approach; initial screening by measuring plasma
serum glucose concentration after 1 h 50g oral glucose load (GCT). Those exceedingatig@erform
either a 100g OGTT or 75g OGTT, requiring two or more venous plasma concentrations to be met or
the threshold.

Vv Listed is the preferred approactie alternate approach is the IADPSG uses a-fasting 759 OGTT.

V' Uses a noffasting 75g OGTT.
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1.1 Gestational diabetes

In light of the HAPO studythe National Institute for Healthcare and Clinical Excellence
(NICE) updated the UK guidelines for GD diagnosis in 2@)5 The cutoff for GD based on

a FPG of 5.6 mmol/l is higher than that of tA®PSG criteria, whereas the 2 hour eoff of

7.8 mmol/l is lower Tablel.1). NICE considered the economic impact of diagnosing a higher
percentage of pregnancies with GD as well as the findings of the HAPO study; a recent
economic evaluation confirmed that the NICE guidelines are moreeffestive than the
IADPSG criteria gven the prevalence of these risk factors in the(BK). This has also been
controversial; one study found tha87 of 25,543 pregnacies examined would have been
diagnosed with GD using thé\DPSG criteria but not the NICE 2015 criteria, but more
importantly that these pregnancies had a significamtiper risk ofmacrosomialarge for
gestational agl.GA] baby) caesarean delivegnd polyhydramniosompared to clearly nen

GD pregnancieé33).

Further disparities remain across guidelines regarding whom to screen foradBRsgregnant
women with risk factors, those who fail a preliminary test, or everyone. NICE recommends
screening with a 2 hour OGTT for GD in women with one or more of the following risk factors:
BMI greater than 30 kg/fprevious LGA baby (weighing 4K or more), previous pregnancy
affected by GD, family history of diabetes, and ethnicity with a high prevalence of diabetes
(2). Screening usually takes place 24 to 28 weeksgestation Conversely, the ADA
recommends either a single 2 hour OGT Tefstep strategy) or a ndasting glucose challenge

test followed by a 3 hour OGTT in those identified with hyperglycaemia initially-gtep
strategy)(1). A reent Cochrane review suggested there is currently insufficient evidence
(based on two studies) to compare the benefits of universal versus riskofasorscreening

basel on outcomes for mothers and bal{@$).

The changing diagnostic criteria and outstanding controversy mean that tre@d in
prevalenceare unclear. Increasing sensitivity of the definition of GD (lower glycaemie cut
offs) as well as in increase in risk fact@nsd changes to screening protocmler time has
contributed(31). This adds complication to longitudinal research into GD. | laken the
pragmatic approach of considering GD by any definittmoughout this thesis; that is, any

woman wlo has been treated and managed as having GD in her pregnancy.
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1.1.3 Prevalenceof gestational diabetes

GD is one of the mostommon disorders of pregnan@thougha wide range oprevalence
estimateshave beeneported.This is partly explained by differingiagnostic protocols, as
discussed abové; addition to increasing risk factorsthmte an t hat t he &6trued

GD is increasing.

Across the world, an estimatdd.8 million live birthswere affected bysD in 2015(35).
According to asystematic review of GD prevalen@hown inFigurel.2, including 77 studies
from 36 countriekit is clear thaestimatewvary within and betweeregions an@dountrieg36).
The Middle East and North Africa have the highest prevalaica median 120% of
pregnancies affectddange 8.4 to 24.5%) arktlirope had the lowest prevalemat®.8% (range
1.8 to 22.3%) More recent systematic reviews have estimaigdlar prevalencesn more
precis¢y-definedregions, such a8% in subSaharan Africd95% confidence interval [CI}
to 12%) (37), 10.1%in Eastern and SoutBasternAsia (95% CI16.5% t015.7%)(37), and
11.7%in the Eastern Mediterranean regi(®6% CI 10.7 tdl2.6%) (38).

A
North America
7.0% (6.5-11.9%)

Western Pacific
11.7% (4.5-25.1%)

Eastand 0
North Africa
12.9% (8.4-24.5%)

. A)
South-East N
' Asia 11.7% N
(8.1-18.3%)
8.9% (8.2-9.5%) )’

Central and South
America
11.2% (7.1-16.6%)

Africa

10.0%-11.9%

4.0%-5.9%
6.0%-7.9%
8.0%-9.9%
12.0%-13.9%

Figurel.2: Estimates of the prevalenceg#dstational diabetdsy World Health Organizatioregion 2005 to
2015

Median prevalence and interquartile range are reporfedproduced frorZhu and Zhang 2016&igure 1 (36).

In the UK in 2015NICE reported thaapproximately 4% of pregnancies were affected by GD:
of the estimated00,000pregnanciesn England and Walesach year, 5% were affected by
diabetes, of which 88% was GQR). A range froml.1% prevalence (95% CI 0.9 to 1u3ing
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1.1 Gestational diabetes

theWHO 1980criteriain a cohort ofL2,005White European and Asian participargseiving
routine pregnancy caie Leicestey 19803 (39) to 24.3% prevalencg95% CI 226 to 260,
using the morsensitivd ADPSGcriteria in a cohordf 2,376 participantsaking part in a study
in Manchester, 200 2009 (40,41)have been reportedhe prevalence of GD in women
accessing maternity care at the Rosie Hospit€ambridge in 2018 and 2019 was 10.0% (of
1,906 women tested¥2).

The prevalenceof GD continues to rise as a consequence of increasing levels of gbesity
sedentary lifestyleand poor quality dig31,43) Comparisons between studies are challenging

for a number of reasons: changing or poorly recorded screening strategies (screening of
pregnantvomen has increased in recent years), diagnostioftaifwhichhave beeimcreasng

in sensitivity) andassessment ofhether GD was in fact piexisting, undiagnosed T2(23).
Screeningmore women and using more sensitive diagnostic criterias lemdnore GD
diagnoses.Neverthelessjncreases in prevalence are consistently obsemvethdividual

longitudinal studiesvith more consistent testing protocols

For example,ite Northern Califmia Kaiser Permanente studgported the agandethnicity

adjusted yearly prevalened GD as 3.7% in 1991 and 6.6% in 1997, renmagjrat 6.2% in

2000; an increase of 68% (totd,175 pregnancig$44). This study used laboratory glucose
results in order to apply consistent GD diagnostic criteria and assessed changes in screening
practicesPrevalencalsoincreasd in one study in South Australia from 1988 to 1999896

in nonAboriginal womenand 12% in Aboriginal women(although the diagnostic criteria
changed during this perio@5). Using a medical databasbégtColorado Kaer Permanente

study reported thatGD prevalencenearly doubledbetween 1994 and 2002otal 36,403
pregnanciesf46).

Approximately half of women with GD have Gdgjainin a subsequent pregnancy (95% CI 41
to 54% based on a randesffects metaanalysis includind 8 studiesaand19,053 participnty
(47). Perhaps unexpectedly, thisoccurrenceate is notably lower in women abrn-Hispanic
White ethnicityand primiparous womef#7). These findings may reflethe GD risk factors

and the cumulative effect of GD pregnancy on insulin resistance.
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1.1.4 Risk factors for gestational diabetes

Modifiable and normodifiable sk factors forGD reflect those foiTf2D (Sectionl.2.3 and
include ethnicity, advanced maternal agelevatedbody mass index (BM))and a family
history of diabete$48). Overweight and obesity has recently been found to be most strongly
associated with G[49), and areonsidered to be important before pregnancy as well as during
it due to thempact oninsulin resistancs0). Therisk factorsinteract, such that age and BMI
are particularly important in women of ndwhite European ethnicit{s1). In the absence of

risk factors the incidence of GD is lo8).

Ethnicity has long benrecognised to be associated with risk of GD. In 1i838e UK Indian
women were found to have a relative risk of GDL&f3 ©5% CI16.8to 18.8) compared to
White European women; in South East Asian women this risk’&$95% Cl4.1to 14.1)

and in Black women it wea 1 ©5% CI11.8t05.5)(52). These associations have been observed

consistently and aiedependent of other risk factors and particularly E&8i 55).

Higher BMI is associated with higher prevalence of @bgurel.3A) (56). A metaanalysis
reported that overweight womemadh over double the odds of a GD diagnosis: compared to
women with a normal BMI, the unadjusted odds ratios \Bekéor overweightwomen (95%

Cl 1.8t0 2.5, 36 for obese womer{95% CI13.1 to 4.2), and 8.695% CI15.1 to 16.0) for
severely obese womg(d7). It has been suggestehat half of the cases of GIbud be

prevented ifall pregnant women were of normal wei@hb,56)

Similarly, increasing maternal age is associated swghificantly higher GD riskKigure1.3B)

(58). One metaanalysis reported an adjusted relative riskLOB (95% CI 7.7 tol15.3) for

women age@®5to 39 years, and 15.9%% CI110.6to 23.8) for women over0 yearsompared

to 20 to 24 year old&8). Although the risk is higher with increasing age, the highest number

of cases is still contributed by younger women due to the greater numbers of pregnancies

among younger wome(®9).
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1 — Estimated prevalence 1 Asian ethnicity o
=~ 95% confidence interval — Non-Hispanic White ethnicity
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Figurel.3: Prevalence ofjestational diabetesccording tqA) mothesdpre-pregnancy BMland (B) age
category.

(A) Pregnancy Risk Assessment Monitoring System, 7 US stated, 200! Reproduced from Kim et al. 201
Figure 1(56).

(B) Northern California Kaiser Permanente, 19210 0 0. Bi r t h : 1046195571 1954 8985 s :
1966 1975 0 : 1976 1985.Grey line: nonHispanic White 1=136,673), black line: Asian (N=40,493)frican
American and Hispaniethnicitiesare also reported in the papeReproduced from Ferrara 2007, Figure 2
(43).

More recently, lifestyle GDisk factors have been investigated, although many of these studies

have methodological limitationsuch asthe error and biasssociated with seheported

lifestyle measure50,60) The Nursesd Health Study |11 founc
leafy vegetables, poultry and fish was associated with lower GD risk than a diet that was high

in red and processed meat, refined grains, fast food and g@&eimilarly, higher fatintake

and lowercarbohydrateyitamin C and vitamin Ontake during pregnancy havalso been

associated with increased risk of G&2,63) Physical activityincreagsinsulin sensitivityto

protect against T2n the general populatiof®4). The women who were most actileefore
pregnancyhadup tohalf the likelihood of developing GD compared to women who were least

active the association is weaker for exercise performed during preg(Bheég,65)

In addition, some studies have reported associations, albeit less convincingly or consistently,
between GD andnaternal birth weight, parity, smoking during pregnancy, socioecanomi
status stature, and weight gain during pregna(gg).

1.1.5 Management of gestational diabeteduring pregnancy

Once diagnosed with GD, a pregnant woman is closely managed with the aim of reducing

glycaemiaand therefore minimising the consequences of hyperglycaemia, partioultrly
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regards tothe babyd s g r(18,%A) Mhis involves od glucose monitoring, diet and
exerciseand sometimemsulin and metformimedication They are also invited to additional

monitoring such asef fetal grovth and gestational weight g&i).

Women are reqted to test their own capillary blood glucose, usually four times a day, and
should aim for a fasting reading of less thanrbtBol/ taken firstthing in the morning and 7.8
mmol/l or 6.4mmol/l oneor two hours aftela meal(2). A major benefitof selfmonitoringis

the opportunity to record blood glucose levels during the normal daily life and routine, rather

than ononeunrepresentativday when the womaneeddo attend the laboratoiL3).

Diet has been described as the d&édcornerstone
balance blood glucose control, weight gain and aketdnesn theurine (68). Compared to

usual diet, a modified diet has been assed with improved glycaemic control and lower
medication requiremeni{$9). Again, there is controversy over recommended calorie intake
and compositionmore recenstudies suggest that althoutpe traditional approach oéducing

total calorie intake can be effectiveiore careful macronutrient control through complex
carbohydrates and low fat can improve blood glucose comral more acceptable and
manageablavay (70,71) Exercise during GD is also recommendedimprove glycaemic
control and general wellbeing, although there is no clear evidence for improvements in
pregnancy outcomé&3?2). In the UK, all women with GD are referred to a dietiomrere hey

are advised to eat a htgl, low glycaemic indexliet and to exercise regulaiyalking for 30

minutes after a meal to improve blood glucose comsrsliggested in the NICE guidelines
().

If womenare not able tachievethe blood glucose targets through diet and exercise within a
couple of weeks of diagnosis, they are offered metformin and then insulin if thisaldead

to sufficient improvemenin accordance with the NICE guidelin€). Metforminis an oral
antidiabetic agentmaking it much more acceptable than insulin, which needs to be injected
Metformin has been reported to be effective for glycaemic control and safe (with the exception
of an association with preterm deliver{f3,74) However, the authors of these recent
systematic reviews highligkdthat many women go on tequiretreatmentwith insulin (alf

of the population ironeof the largest trial§75)), plus that largeandomised controlled trigl
(RCTs) with long-term follow~up of children as well as mothers are reqlitceunderstand the

long-term implications(73,74) Other pharmacological agents such afosylureas(e.qg.
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glibenclamideglyburide) and alpha-glucosidasanhibitors (e.g.acarbosg may also be used
during pregnancyl3).

1.1.6 Experience of gestational diabetes

The experience oED is frequently described agdistressingand lonely(76i 78). Affected
womenreport moving from a healthy pregnancy to being under specialist care very quickly,
and have a short window of time to try to control blood glucose by dietebsdone move onto
medication(79). Thesefeelings are oftestrongerin populations with low health literacy and
language barriers, andfdllowing therecommendationis challengng totheir culturalnorms
(80,81)

Many women feeiitial shockand fear ah GD diagnosis, particularly if thelpse theiidentity

as someone whoas healthy and low risk before pregnaitfy, 79,81 85). Initially, theymight

deny their own test result or question the trustworthiness of the definition of GD due to the
variation in testing protocol§33). Womenwith GD sometimes blame themselves for the
diagnosisandfeel stigmatiedif they are overweight84). Most areanxious abouthe health

of theirbaby, and worry that GD will armthem(77,78)

Most womenat least those who participate in qualitative reseégaimthe GD blood glucose

targets andare diligent in their attempt® achievethem (85). Measurements thdall above

their targets ancause them to feel as though tlaey failing despite their best efforts, leading

to feelings ofdesperation(84). Healthcare providers monitor theatosely which is both
reassurin@ndrestrictve (84). In particulart h e ¢ | foaus ooguastitatsrémeasurements

(e.g. blood glucoseneasurementand weight gainan contribue towards feeling out of
controland that theiability as a mother is determined by their blood glucose Ig@&B2)

One participant and her husband felttfiat 6 s n o ti tybosurt tceriirl d[ tohe hos
(84). Support, both ineducationfrom the dotors and social support at homee vital

(76,81,86)

Attemptingto control their blood glucod®y dietand exerciséeads many women to learn a lot
about nutrition, although many struggle with hunger and feeling like theywicaatéanything)
particularly at the beginnin(B5). The strict dietcan be perceived a®unterintuitive tathe
nutritional needs ofa growing baby (81), yet many womenfollow it closely to avoid

medication, particularly insulinwhich would addo the medicalisation of pregnancy and
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burden of GIX79,85) Others find that medicatidorings relief andeduces th@ressure that
they feel(79). Other womerreport a sense @mpowementto take control of their health for
the sake otheir baby, wider family and themselvg¥,78)

These attitudes tend to continue and affect behaviour in the postpartum peraescribed
later in this thesis. &t instancemothers may feel gity for having had GD so that they need
to Omake it upsébmewvomentwhoerécognise theirlrisk of develaping T2D in

the future are more likely to intend to make lifestyle chaifgés8,87)

1.1.7 Consequences of gestational diabetes

In the short termGD doublesthe risk ofseveraladverseregnancyutcomes for both mother

and baby(15). The higher the levels of hyperglycaemia, the greater the associated risks, hence
management is vitgB8). Both are atong-term risk of future obesity, glucose intolerance and
development of T2089,90) Again, the HAPO study has been key in understanding the
consequenaof GD.

During pregnancy, GD has similar implicatidios the fetus as prexisting T2D or T1D due
to higher glucose levels being transferred across the pla¢EitaThe ktus responds by
making more insulin, whicincreases their rate giowth andleads tomacrosomig15). In
turn, they are at higher risk of delivery injuries such atoulder dystociaor problems
associated with prematurity if they areluced(15). Imnmediately after delivery, the baby is
monitoredfor neonatal hypoglycaemibecuse they are no longeexposed to high blood
glucose from the mother but have getreduced their own insulin production.

In order to avoid the risks associated with delivering a large baby, GD is associated with higher
likelihood of caesareandelivery (91). In addition, there is a higher risk ogestational

hypertension, preeclampsia, and eclamsiaothers with GI}92).

The longterm increased risk of cardiometabolic diseasechildren after pregnancyis
considered to be due tocombination ofjenetic susceptibility antthe in uteroenvironment
plus further modulabn by the postnatal environmei®8,93) For example, offspring of
mothers with GD hava 1.4 to 2.3-times higher rislof becomingoverweightand 1.5 to 3.6
times higher riskof becoming obese, and consistegritigher risk of glucose intolerance
conditions (94). Similarly, the HAPO studyshowed continuous associations between the

degree of maternal hyperglycaemia and offspring outcomes in adole$88fif®)
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It has long been recognised that mothers affected by GD are at higher rsitadfolic
syndromethemselveswhich may be because GPa physiological test that identifitisose
with increased riskRecently, this has been estimated to be affadrhigher risk (95% CI 3.0
t0 5.3)(97). In particularmo t h resk offi@turediabetedas been a focuas disassed below
GD has been described as the single most important risk factor for the develop2Dt of
(36,98,99) They also have a higher risk of cardiovascular disg&3¢D), independent of
progression td@ 2D and in the first ten years after pregoy(iL00).

1.2 Type 2 diabetes

T2D is hyperglycaemia caused kphronic insulin resistance, whereby the body cannot
effectively use insulin andover time,pancretic beta cellscannot meet these increased
requirementg31,101) As described below, it is the most common form of diabetes and
prevalence is increasing. Atihgh the causes of T2D are not fully understood, there is a strong
association between T2D aedvironmenral or lifestyle risk factorgspecifically overweight

and older age) as well as genetic predisposisoich{ as thaindicated by family history and
ethnicity). In 2007, the United Nations General Assembly declared diabetes to be an
international public health isswnd designatetlVorld Diabetes Dayo promote awareness
(Resolution 61/225).

Impaired glucose tolerance (IGT) andpamed fasting glucoséRG) are also hyperglycaemia,

but that which is below the diagnostic threshold for T2D. These conditions are clinically
important because they indicate individuals at high risk of progressing to T2D and who are
beginning toexperiencghe consequences byperglycaemia (described in Sectibi2.5. As

a result, interventions to reduce blood glucose in those with IGT and/or IFG are important.

T1D results from autoimmune destruction of pancreatic beta cells, causing inadequate or no
insulin to be produce(B1). Because GD iprimarily associated with increased risk of T2D, |
will focus on T2D herim this thesis.

1.2.1 Diagnosis of type 2 diabetes

Currently n the UK, T2Dis usually diagnosed by dygated haemoglobin(HbA1c) of 48

mmol/mol (6.5%) or mor¢102) Like for GD diagnosis, this threshold is based on the linear
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risk of microvascular complicationand has changed over time. In patients with symptoms
(specificallythirst, polyuria,blurred vision, weight loss, recurrent infections, and tiredness)
one elevated HbA measurement is considered diagnostic, whereas those without symptoms
should have a second test. In people for whom #dt&Stingis inappropriate, a FPG test with

a cutoff of 7.0mmol/l or greaters used. This includes pregnant women, those who are acutely
ill or have conditions such as acute pancreatic damage, chronic kidney disedmenamnd
immunodeficiency virus (HIV) infectigran HbAcresult should be interpretedth caution in

those with abnormdlaemoglobiror red blood cells.

Previously, the OGTT was used to diagnose T2D. However HAowrecommended by

the WHO in Iight of oO0moder at163) whichiaformedthe sy st e
NICE guidelineq102). It has a comparablessitivity and specificity to FPG and OGTT tests

for predicting diabetic retinopathy in different populations, in addition to the advantages of a
reduced burden on the patient (no need to fast, take a glucose solution or wait for two hours),
irrelevant dayto-day variability of blood glucose values (e.g. caused by stress or illness)
becausglycaemia oveeright to 12weeksis assessed, ariewer preanalytical concerng.g.

time to analysis However, HbActesting is less easily available or analysigssIstandardised

in some regionst is associated with greater costand it is not suitable in some individuals

(as reported abové),102 104) Because the Hbitest measureglycaemiain the previous

eight to 12veeks it is not appropriate for use in diagnosing GD aDTimmediately after GD.

1.2.2 Prevalence of ype 2 diabetes

The International Diabetes Federation (I2Sjimated that there we33 million adultswith
diagnosed or undiagnosed diabetesldwidein 2019(31). Figurel.4 shows the agadjusted
prevalence of T2Dindicating a similar distribution to GD prevalencdue to the shared
distribution in risk factorsAsia hasbeen describeds the 'diabetespicentré of the world
(105), with 9.1% ofadults inChinawith T2D in 2000to 2014(106)and a range iprevalence
from 1.9% to 25.2%n Indiain studies published from 1994 to 20(1®)7).
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1.2 Type 2 diabetes

Figurel.4: Estimates of the agadjusted prevalence tfpe 2 diabetes adults (aged 20 to Agearg in 2019.
Reproduced fronnternational Diabetes FederatidDiabetes Atlas, ® edition, 2019), Map 2 (31).

The total number of people affectby diabetesnore than doubled between 1980 and 2008,
and isprojeced toincreaseby 130 million affected people in the next 25 years (to 486 million
people with diabetes in 20461,108) Prevalence in middiencome countries is estimated to
increase the mosthis is attributed to an ageing population and improved survival ointstie
with diabetes, but also the rise in obesity and sedentary lifesBfigmrticular concern is the
increase in T2D in young adults and children due to the longer duration they will have the

disease fof105) including women with GD who may progress to T2D relatively early

NICE reported grevalence off 2D of 6% in adults inEnglandin 2013(101), doubling the
estimate from 200Q109). Crude prevalence was higher in Asian (7.7%, 95% CI 7.5 to 7.9)
and Black (5.6%, 95% CI 5.4 to8).ethnic groupsamparedo White (5.0%, 95% Cb.0to
5.1)andMixed/Otherethnicgroups (3.4%, 95% CI 2to 37) (110).

1.2.3 Risk factors for type 2 diabetes

A range of nedifiable and normodifiable risk factors for T2D have been reportgde to the
shared pathophysiolgg(Sectionl1.1.7), there is significant overlap with the risk factors for

GD. The most impdant factors are reported Trablel.2.
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Tablel.2: Modifiable and nommodifiable risk factors fotype 2diabetes

Modifiable risk factors Non-modifiable risk factors
Overweight orobesity 1 Age
Physical inactivity 1 Sex
Sedentary behaviour 1 Ethnicity (African, AfricanCaribbean and

Dietary factors South Asian ethnicity iparticular)
Smoking Family history of T2D

Previously identified IGT and/or IFG History of GD

Abnormal lipid levels Polycysticovary syndrome
Hypertension

Inflammation

Intrauterine environment
Adapted fronChen et al. 2012Box 1(105)

IFG: impairedfastingglucose IGT: impaired glucoseolerance.

=4 =8 =4 =4 - 8 8 -8 -89
E ]

A study based othe Finnish populatiomodelled thaB2% ©5% A 70 to 90%) of diabetes
casegvere attributable téailure to observe a lowisk lifestyle (there defined as BNHss than
25 kg/nt, dadequaté exercise, dnoderaté alcohol consumption, nesmoking, and a
6satisfactor y@llyvOvenaeight and Besity was theé most important risk
factor with a relative risk 06.9 (95% CI 3.5 t09.8) (111). Similaly, a study in a Chinese
population reported thd3% of incident diabetes cases were attributable to Bislistto-hip

ratio, diet and physical activityl12).

Importantly, maintaining a lowrisk lifestyle is challenging in the present obesogenic
environment, wherathe surroundings, opportunitiesy conditionsof life6 cumulatively
promoe obesity(113) Thosewith low socioeconomic status arfugh deprivation face

paticularly obesogenic environments

1.2.4 Management of type 2 diabetes

Management of T2D is principally undertaken in primary cateere education, screening for
complications and interventismo reduce the risk of complications can occur reguldyyin

T2D prevention, promotion of a healthy lifestykeof primary importanc€31). In particular,

this includesa healthy diet, regular physical activity, smoking cessation and maintenance of a
healthy weightAs part of individualised patient education about TADCE recommends

focus on dietary advice, physical activity and weight wfss to 10% of initial body weighh

those who areverweight(101).
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NICE alsosuggest dong-termtarget HbAc of 48 mmol/mol (6.5%), measured at up to-six
monthly intervalg(101). If HbA1c rises to 58 mmol/mol (7.5%) or highenetformin may be
initiated or drugtreament intensified. Current NICE guidelines emphasise that these targets
should be implemented on a cdsecase basis, such that a frail patient may hi@gs
stringentlycontrolled T2D (corresponding to highglycaemiccut-offs) in order to avoid

overtreatment for example.

1.2.5 Consequences of type 2 diabetes

T2D is associated with a range of health implicati@ml a 15% increased risk of-aduse
mortality (114) Hyperglycaemia affects the microvascular and macrovascular systems
increasing cardiovascular risk and reduciggality of life and life expetancy (101)
Microvascularcomplications include retinopathgephropathyneuropathyand gum or foot
problemsthat can lead to amputatioklacrovasculacomplications include aide range of
CVDs.

One large collaboration suggested that diabetes independently doubled the&Chdk (f15).
CVD wasfound to affect a third gieoplewith T2D, and accounted for half observedieaths
recordedin cohorts studie¢116) FurthermoreFPG level was ncfinearly associated with

cardiovasculaoutcomeseven at nofdiabetic level§115)

Managemenof T2D and its complications are associated with a significant economic hest. T
highest proportion of healthcare spending has been attributed to diabetes (in the US), with an
estimated worldwide cost of US$1.3 trillion in 20@8.7,118) NICE estimated that at least

5% of UK healthcare expenditure is spent @abdtes, and up to 10% ekpenditure in the
National Health ServiceNHS) (101)

1.2.6 Risk of type 2 diabetes after gestational diabetes

Although maternal glucoseontrol usually returns to normal after delivery, GD has been
described as the single most impmitrisk factor for the development of T2D in the future
this population(36,98,99,119)

As early as 1991, O6Sullivan published a r
diagnosed with T2D up to 28 yeaafter GD, although almost no consistency in diagnostic

criteria was reported at that tinf@20) In an influentialsystematic review by Kinet al.
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publishedten years laterincidence of T2D ranged fro@&6% at six weeksafter GDto over
70% up to 28 years postpartur(®9). Of note, this study reported that women of different
ethnicities progressed to T2D at similaesgtand that that risk was highest during the first five
years after a Giaffected pregnancylhis justified interventions that focused on the early
postpartum periodMore recently,Vounzoulakiet al. converselyreportedthat cumulative
incidence of T2Dncreasd steadily over timg121) In addition, there weraonsignificant
differences ircumulatve incidenceacross ethnicities€:6 5% (95%CI 162 to 168%) inmixed
ethnicitypopulations 156% (95%Cl 13.3 to 17%) in nonWhite populatios and 9.9 95%
Cl 9.4% to 10.4%6) in White populatios. Both Kim et al. and Vounzoulakiet al. included
twenty studies, giving low power to descrifb@w progression to T2aries according to €o

variates such as ethniciyith statistical significance

Relative risk of T2D after GD has been reported by several studies, suggesting that women
with GD may have an up to teimes higher T2D risk than women who diot havediabetes

in pregnancy

1 Bellamyet al.2009 reported a relative risk of 796506 Cl 4.8t0 11.5)(98);

1 Songet al.2018 reported a relative risk of 78606Cl1 5.1 t011.8)(122),

1 Benhalimaet al.2019 reported a relative risk of 7.4 (95% CI 6.0 to @12B),

1 Vounzoukbki et al.2020 reported a relative risk of 98606 Cl 7.1t0 12.7)(121).

| describe these reviews in more detail in Chapter 4.

Maternal and pregnancy factors such as elevated BMltiparity, poorer pregnancy glucose
tolerance, use of insulin during the pregnancy, and earlier gestational age at GD diagnosis have
been suggested to furthacrease this risk of T2D after G224 126). Anothermetaanalysis
suggestethat pregnancy glucose tolerance (including OGTT resultsHieaults and use of

insulin during pregnancy) and BMI aassociated with the highest relative risks of T2
example, BMIgreater thar25 kg/nt had a relative risk of 3.2 (95% CI 2.0 to 5.2; five studies

and 4,795 women with GInd use of insulin during pregnancy had a relative risk of 3.7 (95%

Cl 2.8 t0 4.8; 24 studies and 7,723 women with GI2B)
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1.3 Management oftype 2 diabetes risk aftergestational diabetes

After the baby is bormglucose levels return to normal in the majority of affected women
However, becausef the heightenedisk of developing diabetes in the futusgreeningor

glucoseintoleranceand behaviour change to manage risk factors are recodetde

1.3.1 Postpartum diabetes screening

After delivery, guidelines recommend that women have an OGTT, FPG test a¢ tdbito
identify glucose intolerance. This should take place soon after delivery, and at regular intervals

going forward. Although it is iproving in many settings, uptake of the test has been poor.

Postpartum screening is referred to by different terms including glucose or glycaemic testing,
or by the names of the test. Throughout this thesis, | will refer to this practice as diabetes

scre@ing.

1.3.1.1Rationale

Postpartum diabetes screeniisgrecommended in order tbetectglucose intolerancand
diabetes earlier than would occur by only testing those who become symptomatic. As a result,
managemerthrough lifestyle changes or medication t&gn sooneydecreaingexposure to

hyperglycaemia

Although the overall benefits of screening for diabetes in the general population are unclear
(127), diabetes screening and cardioudacrisk assessmehas been associated with reduced
risk of longefterm complicationsand allcause mortalityalthough effective intervention is

key (128) However, there have been no comparable studies in women with recent GD, who
tend to be much younger than other higtk populationsLongterm studiesire yet taacompare
thebenefits of different screening strategigishough OGTTs every three years were sstgd

to be most costffective in the U129,130)

1.3.1.2Guidelines

National and international guidelines recommend that pregnant womesceeened for
glucose abnormalities at around six weeks postpattuexclude persisting diabetés,2).
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They shouldsubsequentlype screenedt regular intervalsin order to monitor glucose levels
and to identify those at highest riskgybgressing to diabetés,2).

Thereis currentlylittle agreement betweatiabetes seeningguidelines As shown inTable

1.3, the guidelinesvary according tovhich test to use, when it should performed T2D

criteria (not reported)and whether subsequent testingspecifically recommendedThis
variability has been found to have a greater impact on diagnosis of glucose intolerance
disorderqIGT and IFG)thanon diagnosis of 2D directly(131)

Tablel.3: Diabetes screening guidelines after a pregnancy affected by gestational diabetes

First postpartum test Subsequent testing

Criteria Timeframe Test Timeframe Test
NICE 2015(2) | 6 to 13 we=ks FPG If normal,annually HbA1. (13 weeks

postpartum (759 2 hourOGTT not postparturmrand on)

recommended) (7592 hourOGTT not
recommended)
ADA 2018 41012 weeks 7592 hourOGTT If normal, everyl  Ongoingevaluation with
(1) postpartum (HbAic not recommende to 3 years HbA:., FPG or75g 2
at 4to 12 weeks (depending omisk hour OGTT
postparturh factors)
ACOG 2018 |4to 12 weeks FPG or 75@ hourOGTT | If normal, every 1 FPG or 75 2 hourOGTT
(132) postpartum to 3 years; if
IFG/IGT, annually

5" IWCGDM | 6t012 weeks 7592 hourOGTT NR NR
2007(133) postpartum
CDA 2018 6 weekdo 6 7592 hourOGTT NR NR
(25) months

postpartum
RACGP2016 | 6to 12 weeks 7592 hourOGTT Every 3 years FPG or HbAc
(134) postpartum
ADIPS 2014 |6to 12 weeks 7592 hourOGTT NR NR
(24) postpartum

Adapted fromVounzoulaket al. 202, Table 1(135).

ACOG: American College of Obstetricians and Gynaecologists; ADA: American Diabetes Association
ADIPS: Australasian Diabetes in Pregnancy Soci@iA: Canadian Diabetes Assicociation; IWCGDM:
International WorkshofConference on Gestational Diabetes MaBi NICE: National Institute for Health
and Care ExcellencdRACGP: Royal Australian College of General Practitioners

FPG: fasting plasma glucose; OGTT: oral glucose tolerance te3t;ndt reported

In 2015, NICE advised that women in the UK shoulddreened using FP& six to 13 weeks
postpartum followed by annual Hh&esting, and not routinely offered the OG{2)). Annual

testing usually occurs in general practice, while the first postpartum test may occur at the
hospital or in general practicdICE based these recommendations on 51 studies that reported

the incidence of T2D after GD at different postpartum timengsoin order to estimate the
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screening interval that would most effectively identify those ahdsg risk of developing
diabetes However, all of these studies were found to be very low quality. The incidence of

T2D after GD and optimal intervals for sening are thereforencertain.

Furthermore, NICE outlined the following classification for T2D (i8k
1 FPGless thar6.0 mmol/l or HbA¢less tharB9 mmol/mol (5.7%}puggests anoderate
risk of T2D,
1 FPG 6.0t0 6.9 mmol/l or HbAc 39to 47 mmol/mol(5.7 to 6.4%)suggests &igh risk
of T2D;
1 FPGmore thary.0 mmol/l or HbAc. more thard8 mmol/mol (6.5%)ndicates that they
arelikely to have T2D andhould beeferred for T2D care (if based on FR@gyare

offered a further test to confirm the diagis).

1.3.1.3Comparison of testsused

The 7592 hour OGTTconsistently diagnoses more cases of T2éh FPG and HbAtests

for examplein two recent studiem the high risk, general populatio6% of an overweight
White European population were diagnosath T2D using an OGTT but not HhA(1,241
participanty and 9% of an overweight Thai population were diagnosed with T2D using an
OGTT but not HbAc (521 participant$ (136,137) However,discriminationin postpartum
women after GD varieis very smadlstudies Agreement between the two tests has lieand

to be @ooid (114 participants six to 12 weeks postpartumvhich may have been too soon
postpartum because Hb4neasures glycaemia in the previous eight to 12 we&R8), daird
(54 participants six weeksto 36 months postpartun{139), or identified more cases than an
OGTT (141participants up to one year postparturff40). Similarity, postpartum FPGfter
GD has been found to have inconsistent sensit{lityto 100%), and may miss a quarter of
T2D case4141,142)

However, single blood tests are more acceptable than the OGTT, wharhingportant
consideratiomgiven the context of poor attendance described in the following sethieg.put

|l ess demands on ndemotregaire npleasadt glicosemleaditd@) n d

Other testing strategies have been discussed, such as testing women for glucose intolerance
before they are discharged from hospital in order to increaserage. A recent study
suggested that a normal OGTT at this time would exclude &a@Dp to three months
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postpartum, but not identify women with IGT or IEG!4). Although the acceptability was not
reported, this could be a beneficial approach in certain circumst@scesplained bove use

of HbA1c tests at this time would not be suitable.

1.3.1.4Attendance

Uptake of postpartum screenirgghighly variable, but is usualuboptimalat less than 50%
(130,145148), evenbeingdescr i bed as (D49 bOns systdmhat revieww 6
reported that 34 to 73% women with GD were screened postpartumsiudiés published
between 2008 and 201@onsidering any type of test or tinsence delivery(148). More
recently this range was 13 to 82% in Asiwomerin 27 studies published betwe2003and
2016 (150) A single large study in France reported attendamnd 22% by three months
postpartum and 56% within the first year in 2Q15%1) Small but statistically significant
increases were observedatiendance within the first year from 2007 to 2013 but not earlier
time points(151)

Women at highest risk of diabetes are less likely to attédoetes screeningherefore
delaying diabetes managemerntounger women with other children and of lower
socioeconomic statutend less frequently, particularly if they received little perinatal care or
their GD was managed by diet alqid8). Sometime®verweight and no#sian or Hispanic

ethnicityareassociated with lower screeniatiendanc¢152).

Uptake of screening in the UK has been similarly variahléhough reporting oflifferent
timeframes makes comparison challengamgl there is a paucity of data on long term follow
up. An analysis ohationalprimay caremedical records reported that only 58% of women
attended diabetes screening in the first year postpartum, and less than 40% attended in the
second and third yea(&53). Another study in 127 general practice€England reportedalf

of this attendance:9% attendance up to six months postpar 26% attendance within a year,
and 20% attendance at annual screelfittgl) However, half of women with GD Hano
diabetes screening test within five years postpartuiness than 1% were tested every year
asrecommendedetween 2006 and 201054). Consideing more recenbut smallerstudies,
38% womerwith GD in primary care irLeiceste werescreerdby 13 weks postpartum, and
16% had annual tes(355) In Oxford, 51% women were scresgiby 13 weeks postpartum,
and 8% had annual tedtmsed on hospital record$56) In Sheffield 75% women were

screerdby 13 weeks postpartuaccording to a local maternity datab&$s7) Within these
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studies, higher risk womerparticularly those with higher deprivatiomjere consigntly
reported to have lower attendar(@®5 157) However, interestingly, over 80% of clinicians
reported to test their patients within six weeks postpartum, altigereral practitioners (@
reported challenges in knowing whether their patient had had GD and only 39% recalled
women for annual testing.58).

Reasons such as the unpleasant procedure or its inconvenience have been suggested for missing
testing(87,143,147)Other exphnations include women not recognising the risk, being afraid

of a positive diagnosj®r the demands of caring for their batny their time This is likely to

be confounded by the transition from secondary to primary (46) Understanding
explanations of poor attendance wilfarm approaches to increase uptake, such as through

changes to the process as a whole or to support specific groups of women with GD.

Small studies have reportesbme improvement in screening attendance through targeted
interventions These tend to involvenore proactive contact, such as phone calls, education
programs, or postal remind€d15,146,149)For example, a single counselling session during
the third trimester of pregnancy increased screening attendance from 33 to 53% in one US
study (159) while introduction of a central coordinator increased uptake by (IB%®)
Reminders for mothers drealthcare professiais are the most frequently anticipated to
increase uptakavhich may be a more resourefficient approacl{145) However,some of

the benefitsnay be a result of participation in a trial or signing up to a regisseopposed to

the intervention itsel{161,162) Contact from an individal general practice may be more
effectivethan a general register in the long tgi61) Further intervention development and
evaluation is required to optimise the effectiveness ang-tlerm sustainability of such

approaches.

1.3.2 Postpartum behaviour change

In addition toparticipating inregular diabetes screening, women are adviseatitépt and
maintaina healthy lifestylen order to reduce their T2D risk factofidisrequires mosivomen
to make conscious changes to thibitualbehaviour. A healthy lifestyle focuses on a healthy

diet and increasing physical activity.
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1.3.2.1Rationale

The risk of T2D can be reduced in women with a historgsbf The American Diabetes
Prevention ProgramméPP) has been a valuabRCT to provide evidence supporting
lifestyle behaviour changéigh riskwomenwith a history of GDwho were offered intensive
lifestyle counselling had approximately 50% lower incidence of ®2&r three years and 35%
over ten yearsompared to the placebo grainat received standard lifestyle recommendations
(350 participant$ (163,164) This was comparable to the risk reduction observed in those
receiving metformir(163). The lifestyle intervention aimed to maintain a weight reduction of
7% and ateast 150 mirof moderate intensitgxercisesach weekthrough regular personalised
educational meetings, with additional support for those who did not meet the goals within the

specified time fram¢l65).

Systematicreviews of other smaller studigeincluding RCTs and observational studies,
similarly show a reduction in progression to T2D through dietary and lifestyle interventions
(1661 168). One netaanalysis of four studies (including 951 women with G to five
years pogpartum) found atatistically significant absolute risk reductioh5.0 cases per 100
(95% CI-9.2t0-0.8)(166), and another reportedcénically and statistically significant 25%

risk reduction when eight RCTs were combiii&69) However, these effects can be small or

limited particularly if engagement with the intervention is poor.

1.3.2.2Guidelines

In the UK,NICE advises that women are given lifestyle advice about weight control, diet and
exercise after GAndmanaged according to the guidelines for preveritzig through primary
care(2,170) Those at moderatdiabetesisk (according to theicurrent glucose contrphre

given advice about risk factors aatferedbrief interventionsuch as access to a weight loss
programme. Those at highabetegisk are additionally referred tatensivelifestyle change
programmesThese should bpersoncentredand empathybuilding, offer ongoing tailored
advice, support and encouragememtd use established behaviour change technidhese
programmes were developed for the general population, which tends to be older and not have
young familiestherefoe maypresentwvoidablebarriers to attendance for women who recently

had GD Furthermore, they are considered for these interventiased on the results of

diabetes screening tests, assuming they have attended, rather than their history of GD.
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1.3.2.3Experiences and ballenges

In practicelifestyle behaviour change in aibesogenic environment is challengiAgcording

to anationalrandomsample telephone surveythe US in2003 approximately half of women
with previous GDreported that they weratempting to lose weight, although obese women
with GD were half as likely to be attempting to lose weight as obese women with@@7GD
They were also inactive and more likely notrteet fruit and vegetable consumption guidelines
(172) thereforamaintaining lifestyles that increase theiabetesisk. Anothermore recent US
survey(2007 to 2014) similarly reported that women with GD tended not meet healthy lifestyle
guidelines(173) These observations are explained by one of the conclusions ofelades
2009, that there is often incosg@ncy between T2D risk perception and diet and exercise
behaviour(174) However, diet and exercise in women with a history of GD is unreported in
the UK.

Qualitative or mixed methods reviews have ex
diabetes risk as part of broad investigations intor theperience oD (77,87,147,174)A

wide variety of views and determinants have been presented: positive attitudes towards
behaviour changand knowledg®f how to improve T2D risk is often observgghrticularly

when it is understood to reduce diabetes risk and when women have support-affitaelf

for changeHowever, some women feel that they lack information regarding how to care for
themselves whileothers report overwhelming barriers such as lack of time, energy and

resources.

There have been many studies that aim to promote behaviour change after GD, although these
have tended to be pilot or feasibility studiead heterogeneous designs make corspas
challenging (e.g. timing postpartum, intensity, mode of delivery, target behaviours, and follow

up duration). Most have targeted both diet and physical activity, and include education, goal
setting and/or monitorinL66). A recent mixeé methodgeview identifiedthat provision of
childcare social and community suppeéndculturaly-appropriate interventions are likely to

be most effective in promotinghysical activityafter GD, whereas educatiabouttherisk of

T2D only anduse ofpedometes is less likely to be effectiid 75) Faceto-face recruitment

during pregnancy or early postpartum may be most effective, if integrated into existing care
pathwayq176)
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1.4 Summary

Due to increasingly unhealthy lifestyles, more women legmg affected by GD during
pregnancy. GD identifies women at high risk of progression to T2D, with-tknng
consequences for their quality of life and cardiovascular health. Despite numerous benefits of
increasing dietary quality, physical activity aperiodic monitoring ofblood glucosemany

women do not adh responseéo their risk.As a result, there is a clear need to reduce diabetes
risk factors and therefore incidence in women who have hadrddme ways, they represent

a particularly challengig population for behaviour change due to the additional demands of
raising young children, yet in other ways they may be more motivated than the general
population tobe healthiemafter experiencing GDCurrent protocols and interventions can be
unsuitabke for women with GDyagueor absentn the UK primary care settingVe urgently

need tdbetter understand the risk factors and timesdatedeveloping T2D in order to inform
screening programmes and t o descri be and undeéenroglarand wc
to promote changes that will improve outcomes using approaches that have been informed by

this population.
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2.1 Aims

The overallaim of thisthesisis to better describe the problem of progression to T2D after
pregnancy affected b@D, and to identify primary cafieased approaches that can be used to
manageherisk of T2D in this population.

| am therefore conducting this work with the view to elep recommendations and
interventionsrelated to postpartum diabetes screening so that blood glucose control can be
monitored in this population, arid promot a healthy lifestyle to reduce T2D ridkuse mth
literature reviews and primary researcmgsgualitative and quantitative approaches.

This thesids composed of three streawfswork:

1 Theaim ofthe first stream ido improve understanding of the magnitahel naturef
this problemincluding risk factors for development of T2D after GD by bett
describing the incidence of T2D in women with a history of GD

1 Theaim ofthe second stream is describe and understand attendance at postpartum
diabetes screeninigp order to inform the development of interventions to promote

uptake ofscreening

1 Theaim ofthe third stream ito understand determinants of and influences on healthy
diet and physical activitgfter GD in order to inform the development of interventions

to promote healthy lifestyles among women with.GD

This work falls within the first stage of th
developing and evaluating complex interventi¢li&7). The four key elements of this process

are development, feasibility and piloting, evaluation, and implementation. The guidelines
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suggest that interventions should be developed systematically, be based on the best available
evidence and use relevaheory. In particular, | have strengthened the evidence base before
moving on to preliminary or initial evaluatisiof the intervention elements identifieidhave

taken gpersonbased approachs developed by Yardlest al, focusing on understandiriige
perspectives of the target population throagstematically investigatg the beliefs, attitudes,

needs anéhdividual circumstancesf women with a history of GIP178,179)

2.2 Thesis outline

Figure2.1 depicts the structure of this thesis and how the earlier work informs later studies.
In Chapter 3, | present the methods used in Chapters 4 to 8.

The next chapter of my thesis islaage systematiditerature review and mefanalysis of
studies published up to October 2019 that report diagnoses of T2D in women witth&#der
4). This studyprovides more data supporting the value of this thesis by more accurately
describing the seriousness of GDterms of T2D risk, anatonfirming or reinforcing the
importance ofsustainedscreening for T2D after pregnancy and making lifestyle changes to

reduce diabetes risk factors.

| then report two studies on the topic of postpartum diabetes screening afteh&iderC

describes attendance at the six week screening test, such as what types of tests were used and
factors associated with increased likelihood of attendance in a local cohort of women. The
second study, Chapter 6, is a qualitative synthesis, usengame literature search used in
Chapter 4, understanding womendés vVviews towar
| also report recommendations for increasing uptake that form part of my interview schedule

for qualitative data collection (Chapt@y.

Chapter 7 is a parallel quttive synthesis to Chapterl6. e x ami ne womends vVvi
making changes to their diet and physical activity to reduce their risk of developing T2D,
including barriers and facilitators to behaviour change. Again, | made recommendations for
promoting healthy lifestylesbased on thes findings, and considered these during the

qualitative interviews.
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Finally, Chapter 8 is an interview study where | sought to interpret some of the findings from
the other projects in the context of women in the UK. In particular, | wanted to ask thém wha
support they would suggest to improve their risk of diabetes and evaluate the suggestions that
| made as a result of the qualitative syntheses. These findings are brought together in the

conclusion and discussion of Chapter 9.

Chapter 1
Introduction
Chapter 2
Aims
Chapter 3
Methods
Development of T2D Postpartum T2D Postpartum behaviour to
after GD screening reduce risk of T2D
Chapter 4 Chapter 5 Chapter 7
The incidence of T2D Attendance at six weeks Views on behaviour to
after GD (systematic postpartum T2D reduce T2D risk
review) screening (cohort study) (systematic review)

'

Chapter 6

Views on T2D screening

(systematic review)

Chapter 8
DAIiSIeS (qualitative interview study)

Chapter 9
Discussion

Figure2.1: Overview of thesis structure.
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In this chapter, | describe the methods used to conduct the research projects that form my thesis.
More specific details are provided within each chaptertl¥insdescribe the literature reviews

that form the basis of Chapters 4, 6 and 7. | then describe the cohort and analyses used for the
cohort study in Chapter 5, and conclude with a description of the qualitative interview study

conducted for Chapter 8.

3.1 Systematic literature reviews

Each of the systematic literature reviews described in Chapters 4, 6 and 7 followed the
Preferred Reporting Items for Systematic Reviews and detdyses (PRISMA) guidelines

(180). This is a checkilist of items to include when reporting a systematic review to ensure that
the methods, findings, and strengths, limitations and patesources of bias in the review are
clear. Furthermore, | prospectively registered each review protocol on PROSPERO
(www.crd.york.ac.uk/prospero). PROSPERO is a database of planned dumdgiess
systematic reviews. Publication of protocols on this sitebaims to avoid duplication and
minimise reporting bias. | reference the PROSPERO record at the start of each systematic

literature review chapter.

The three literature reviews presented in my thesis originated from one literature search that
was conduted in September 2017. | thennan the search strategy in October 2019 for the
incidence of BD after GD reviewFigure3.1 shows how the reviews overla@fter planning

the multiple reviews together as a research team (see Seédtif)n Rebecca Ward developed

a search strategy to identify published studies relating to GD in the month before | started my
doctoral research. These included the incidence of T2D after GD (Chapter 4) and the views of

affected women on postpartussting and lifestyle behaviours (Chapters 6 and 7), plus reviews
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led by Rebecca Ward on diabetes risk factors in women with GD and interventions to prevent
diabetes. This approach was taken because we anticipated that the studies included to answer

each reiew question would overlap.

As described below, when we first reviewed the titles and abstracts of citations identified by
the search, we allocated the citations a label according to the review to which they were

relevant. The qualitative reviews werengaleted first.

3.1.1 Research team

| worked alongside multiple colleagues for these literature reviews: my PhD supervisors (Prof
Simon Griffin and Dr Juliet UsheéBmith), an NIHR Academic Clinical Fellow (Dr Rebecca
Ward), a senior statistician (Stephen Shaapy six fourth and fifth year medical students from

the University of Cambridge (Eileen Chen, George Farmer, Rachel Fox, Madeline Green,
Deeya Kotecha, and Chloe Legard). Rachel Fox worked on the qualitative review of views
towards postpartum screeningdahe other medical students worked on the incidence of T2D

after GD review. The contribution of each colleague is described below.

Including more than one person at each stage of a systematic review reduces bias and increases
rigor. A second reviewer imgendently assessing citations for inclusion and exclusion,
extracting data and assessing the quality helps to ensure that this is done consistently
throughout the process and reduces individual error or bias. In qualitative syntheses in

particular, multipe reviewers are vital for interpreting the findings.

In addition, Isla Kuhn and members of the University of Cambridge Clinical School Library
supported us to develop the search strategy and access full text manuscripts. Zhirong Yang,
Hannah Harrison, Jal Mannes and Parto Forouhi were valuable in helping to extract data or

verify extractions from noftnglishlanguagepapers.
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Chapter 3Methods

3.1.2 Justification

Systematic literature reviews are considered to be the highest level of scientific evidence and
are useful for summarising complex issy@é81) Synthesising the finding through meta
analyses can increase the precision of effect estimates and help to resolve discrg@&cies
which was particularly important for my review on the incidence of T2D after GD. Qualitative
systematic reviews and syntheses draw together the findings of individual studies so that the
result is greater than the sum @fparts. This is can be used to informing interventions, policy
and the direction and quality of future resegi82).

3.1.3 Search strategy

The search strategy was developed and performed on 28 September 2017 by Rebecca Ward to
identify all published literature considering GD and postpartum T2Depasrtedn Table3.1,

the first element of the search considered terms analogous toh&2&ore row one to six

were combined using 60OR6é6. Secondly, terms as
used in rows eight to 14. The remaining rows searched for terms associated with development,

or descriptors of development, of diabeteimally, each key element was combined using
OANDOG. Explosions and MeSH headings were use

relevant studies.

Five electronic medical databases were searched: Medline, Embase, Psychinfo, CINAHL and
the Cochraneibrary. No limits (such as publication language) were enforced in order to access

papers published in relevant journals.

Table3.1: Medline search strategy developed for the group of literature reviews.

1.type 2 diabetes.mp. or Diabetes Mellitus, Typeg | 36. yoga.mp. or Yoga/

2. T2DM.mp. 37. postnatal.mp.

3. NIDDM.mp. or Diabetes Mellitus, Type 2/ 38. diet.mp. or Diet/

4. non insulin dependent diabetes.mp. 39. healthy eating.mp. or Healthy Diet/
5. glucose tolerance.mp. 40. behaviour.mp.

6. insulin resistance.mp. or Insulin Resistance/ 41. physical activity.mp. or Exercise/
7.1or2or3ordor50r6 42. lifestyle.mp. or Life Style/

8. gestational diabet*.mp. 43. manag*.mp.

9. diabetes ipregnancy.mp. 44. screening.mp. or Mass Screening/
10. Pregnancy/ or pregnancy.mp. 45. hypoglycaemic agents.mp.

11. type 2 diabet*.mp. 46. hypoglycaemics.mp.

12. 10 and 11 47. health promotion.mp. or Health Promotion/
13. gestation*.mp. 48. medication.mp.

14.11 and 13 49. medical therapy.mp.

15. postpartum diabet*.mp. 50. rate.mp.

16. postpartum.mp. or Postpartum Period/ 51. predictor*.mp.
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17.80r9or12or 14 or 150r 16 52. risk*.mp.

18. prevent*.mp. 53. factor*.mp.

19. progress*.mp. 54.18 0r190r200r21or220r23or24or250
20. develop*.mp. or 27 or 28 or 29 or 30 or 31 or 32 or 33 or 34 or
21.advanc*.mp. or 36 or 37 or 38 or 39 or 40 or 41 or 42 or 43 o]
22. incidence.mp. or Incidence/ or 45 or 46 or 47 or 48 or 49 or 50 or 51 or 52 or
23. avoidance.mp. 55. follow-up.mp.

24. prohibit.mp. 56. postpartum.mp. or Postpartum Period/

25. establish.mp. 57. qualitative.mp.

26. health promotion.mp. or Health Promotion/ 58. Interview/ orinterview.mp.

27. Exercise/ or exercise.mp. 59. focus group*.mp.

28. active living.mp. 60. health service.mp. or Health Services/

29. metformin.mp. or Metformin/ 61. belief*.mp.

30. weight.mp. or "Weights and Measures"/ 62. opinion*.mp.

31. riskfactors.mp. or Risk Factors/ 63. survey.mp.

32. Insulin/ or insulin.mp. 64. 54 or 55 or 56 or 57 or 58 or 59 or 60 or 61 0
33. exercise therapy.mp. or Exercise Therapy/ or 63

34. intervention.mp. 65. 7 and 17 and 64

35. interven*.mp.

Searchstrategy developed byeReccaNard.

The citations identified were downloaded and imported into Mendeley reference manager.
Duplicates repeated in or across electronic databases were removed using the deduplication
function in the reference manager. llregted the search on 14 October 2019 to identify recent

papers for the incidence review (Chapter 4).

In addition, | reviewed the list of references cited by each paper included in the qualitative
reviews in order to identify additional studies. | reviemthe lists of studies included in
previous reviews on the risk of T2D after GD for the incidence re{@8éy88,99,122)although

it was not practical to review the reference lists of the included studies for this review due to

the high number of studies included.

3.1.4 Inclusion and exclsion criteria

For all the reviews, | included studies that were published as a primary research article in a
peerreviewed journal. Conference abstracts, posters and comments or opinion pieces were
excluded, as were protocols and literature reviewsdigahot report primary research data.

Participants must have had a history of GD.

Specific inclusion criteria were applied to the incidence of T2D review. For inclusion, the

papers needed to report:
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1. Quantification of diabetes diagnoses after GD.
The papermust have quantified development of diabetes, such as cumulative
incidence, survival analyses or percentage diagnosed with diabetes at a specified
time after pregnancy. The total or a random sample of a population exclusively
with GD must have been followaup (that is, studies that followed up a population
with a selected characteristic were excluded). It was not necessary for the study to
distinguish between T2D and T1D, but diagnoses of overt diabetes must have been

reported.

2. Longer than six months faW-up after GD.
Assessment of diabetes statnsst have occurred at an average six months or
longer after the GEaffected pregnancy in order to assess {@mgh development
of diabetes in those whose GD resolved after delivery. Persistent postpartum
gluco® intolerance suggested that the participant hagexisting undiagnosed

diabetes before the pregnancy.

3. Diagnostic method and criteria for GD and T2D.
The method and/or criteria used to diagnose both GD and T2D must have been
reported. The diagnostic niietd described how participants were identified for the
current study (for example, reviewing medical records or testing pregnant women
with an OGTT). The diagnostic criteria described how GD and T2D were defined
by the diagnostic method (for example, loocaWHO glycaemic cubff values in
a diagnostic test). This information was required due to the different definitions of
GD and T2D used over time and in different locations.

4. More than 50 participants with GD followed up.
We introduced aad hoccriterionof a sample size of 50 or more participants with
GD to reduce the number of small studies relevant to the review that would have
had a small impact on summary incidence estimates. Studies with any number of

participants without GD (including zero) werégdble.

5. Any study design was eligible.

We included both observational and experimental studies.
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For the qualitative literature reviews, | only included qualitative research in which qualitative

data were defined as data arising from qualitative methodsreatgsis approach. For example,
interviews or free text of surveys that were analysed using thematic synthesis. For the review

in Chapter 6, Il included studies that examin
glucose tolerance testing or T2D smmang. For the review in Chapter 7, | included studies that
examined womendés postpartum | ifestyle experi
GD; for example, facilitators or barriers to participating in a T2D prevention programme with

a lifestyle intervention. Studies exclusively reporting views of healthcare providers were
excluded.

3.1.5 Title and abstract review

In the first stage of the title and abstract review, Rebecca Ward and | screened the studies for
general relevance (such as excluding wtesl diseases or reporting of animal experiment
studies) due to the large numbers of studies identified. We both independently reviewed
approxi mately 10% of <citations to assess dis
carefully applying the inckion criteria to the remaining studies. Any differences were
discussed and if a consensus could not be reached, Simon Griffin and/or JulieBlgher

were asked to provide an additional opinion. Once the inclusion criteria and their application
were agred, Rebecca Ward and | reviewed approximately half of the citations each.

We categorised the included citations for potential relevance to questions about incidence of
T2D after GD, risk factors for T2D after GD, interventions to prevent T2D after GD, or
gualitative studies. These citations were reviewed against the specific inclusion and exclusion
criteria described above for each study. When additional researchers (the medical students)
joined the title and abstract review, 10% of citations were compaertsure consistency. Any
citation where it was unclear whether it fulfilled the inclusion criteria, such as insufficient

information, was included at this stage.

We conducted the title and abstract review by putting the citations in different faiders i
Mendeley for the earlier reviews and used Rayyan for the update to the incidence review in
2019. Rayyan is a software tool designed to facilitate title and abstract screening, and is

particularly helpful for comparing inclusion decisions between teambees{i80,183)
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3.1.6 Full text review

Full text articles were acquired (downloaded or purchased if access wasiable through

the existing subscriptions of the University of Cambridge) and rechecked against the selection
criteria. Two authors reviewed each full text for the qualitative reviews (myself and Rachel
Fox or Juliet UsheBmith) whereas a 10% overlap citations was again applied for the
incidence review (myself, Eileen Chen, George Farmer, Madeline Green, Deeya Kotecha, or
Chloe Legard). Queries were discussed with thautbors, and any article that was not clearly
relevant was excluded at thisgta Reasons for exclusion were recorded in a Microsoft Excel

spreadsheet.

3.1.7 Data extraction and analysis

3.1.7.1Meta-analysis of studies of the incidence of diabetes after gestational dedbs

| developed a data extraction form to facilitate systematic extraction of -kswely
characteristics, incidence and demographic information from the included citations (including
a control group without GD, if reported). Data were extracted by two autidependently
(primarily myself and one of Eileen Chen, George Farmer, Madeline Green, Deeya Kotecha,
or Chloe Legard, but sometimes by two medical students). Any initial differences were

resolved by discussion in order to minimise error.

After extractirg the basic details of each study, | sought to identify whether the same study
population had been reported by multiple publications, again with help from the medical
students. | did this by first comparing location of the study and time of recruitménte be
looking at other details such as the author lists and number of participants if it was still unclear.
When overlap occurred, | only included the publication with the most pgesans of follow

up of women with GD. Similarly, if progression to T2D waported at multiple timepoints
within one citation, | extracted data at the timepoint with the most pgesams of followup.

| translated notkEnglish language articles with the aid of an online translation tool
(www.translate.google.co.uk), and vertfithe data extraction and details required for quality
assessment with a native or fluent speaker of that language where possible. If the online

translation was unclear, the native speaker completed the full text review and data extraction
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using a simpledrm to guide them through this process. This tended to be colleagues in the

University of Cambridge or their associates, as noted in Settloh

Studylevel charateristics were categorised as describgdhapted.3.4 The cutoffs used to
define each category were based on the average (mean or median) of tHevetudga or

clinically-relevant cuioffs, and were discussed and agreed by the research team.

| performed the analysis using STATA 15.1, with statistical advice from Stephen Sharp. |
grouped studies according to each of the characteristics, and combined tbpseofstudies

using randoneffects metaanalysis of the log odds of T2B-or absolute risk, effect estimates
tended to be skewed below 50%, resulting in disproportionate weighting of studies with the
lowest estimates (due to correspondingly low variaand)negative lower confidence intervals
(where it is not possible to have incidence estimates less tha(l8%) | therefore used a

logit transformation to conduct the metaalysis, then baetansformed the output to the
percentage or odds ratio scales for interpretgti®d,185) This transformation is very stable
except for small studies (e.g. n less than 50), which were excluded according to the study
selection criteria. Randowffects analyses were used due to the assumpfiaesidual
heterogeneity natxplained by the potential effect modifigds86). | used metaegression to

model the association between stlielyel characteristics and log odds of T2D. | then extended

the model to investigate the extent to which any of the study and maternal characteristics
described above explained the heterogerstyween studies, adjusting all models for ethnicity
(majority White European or other) and categorised duration of fallpwMetaregression

was weighted by the inverse of the sum of the within and between study variance, as is standard
in a randorreffecs metaanalysis| also calculated the relative risk of diabetes in studies that
had a comparator population and combined these across studies using-effiedtsrmeta
analysis, overall and stratified by study and maternal characteristics. | used eofitiedity
correction of 0.5 where no cases of T2D were reported. Heterogeneity between studies was

quantified using the?Istatistic throughout.
3.1.7.2Qualitative syntheses of studies of views on screening for type 2 diabetes and
lifestyle behaviaurs after gesttional diabetes

| developed a data extraction form to facilitate systematic extraction of the characteristics of
each included study. This included the sample size, setting (country), relevant study aims,
recruitment strategy, key inclusion and excluswiteria, and time and method of data
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collection. Myselfplus Rachel Fox or Juliet Ush&mith independently extracted data from

each study and compared the data extraction forms to ensure agreement.

The qualitative findings were analysed using the themstnthesis approach described by
Thomas and Harden 20@&87) with the aid of NVivo 11 (NVivo qualitative data analysis
software; QSR International Pty Ltd, version 11 [2015]). This method for qualitative synthesis
was selected in order to stay true to the content of the originavtideamoving beyond it in
interpretation, and for the outcome to be applicable in pra¢ti8@,188) | imported the
publication file into NVivo and used the software to eg@the data; it allowed me to develop,

modify and organise a coding scheme and review all data that | had coded under each code.

| defined data as text or tables | abelled as
methods. Thomas and Hart(187) suggest also includinthe abstract in this definition but |
soon found that such a concise summary did not contribute to my understanding of the content

of the codes therefore decided not to code the abstract.

After carefully reading and reeading each primary study, | codée findings, organised these

codes into related areas to develop descriptive themes and then developed analytical themes,
assummarisedn Figure3.2. An example of each coding scheme and summary of the process
are presented in the corresponding chapters of this thesis. | developed the initial coding scheme
by focussing on two or three papers: | labelled or annotated the findings to develop a list of
codes and discussed these codes with Rachel Fox or Juliet-Sislite;, who had also
annotated two papers. | then applied the coding scheme line by line to the rest of the data,
adding new codes as necessary. Rachel Fox or Juliet-Bsfithr independently cedl a subset

of papers at multiple stages to check consistency. In the next stage, concepts were translated
from one study to another by making summaries and comparisons, and new concepts were
developed. This process allowed me to move beyond the desetipiiings to gain further

insight into the phenomena reported, such as inferring barriers and facilitators to the particular

behaviours, informed by other studies.
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— T~ T

Primary codes Descriptive themes Analytical themes

~—— -~ ~—— -~

Code 1

Descriptive theme 1

I

Descriptive theme 2 Analytical theme 1

I

Descriptive theme 3

Code 2

Code 3 <

Code 4

Code 5

I Analytical theme 2

Al

Code 6 o
Descriptive theme 4

Descriptive theme ... <

Figure3.2: Summary of thematic synthegised in the qualitative syntheses.

Analytical theme ...

v

| developed the analytical themes through an iterative process involving reading each code and
summarising in a few words on a hawdtten note. For example, for the review on lifestyle
behaviour to reduce T2D risksimmarised similar ideas from different categories on the same
note. For instance, | summarised the role of
category then added how support could be a facilitator to healthy eating, how women thought
tha they could have a healthy diet if they had more support, etc. This led to the creation of
approximately 20 notes. | used these notes by grouping and ordering them in different ways;
trying to make connections helped me to see how different ideas bigethér and how
descriptive themes contributed to the analytical themes that | was beginning to develop.
However, diagrams of connections were too complicated to interpret therefore | further
summarised the notes and idéamce for healthy diet and oné& physical activity (using a
similar approach to t h¢89) othem highligktedtthese ftwo pap er
summaries to indicate where influences operate in the same way for diet and physical activity,

or were specific to one behaviour. This allowed me to fit the key points into sictlistit

highly connected themes (plus a seventh on the format of interventions).

A very similar approach was used for the analysis of views towards postpartum testing. Data
were less diverse so it was not necessary to categorise the data before cadthfwtorked

closely with Rachel Fox to complete the analysis.
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Finally, | developed recommendations for improving behaviour based on the findings of each
review (that is, to support healthy diet and exercise, and increase attendance at diabetes
screening). | did this in order to make sure that the reviews had clear practical implications.
These included both where participants reported being able to carry out healthy behaviour and
benefitted from support, and where they suggested that more swaganecessary. | mapped

these onto the standasdd behaviour change technigagonomy by suggesting mechanisms

by which the recommendations could be put into prac{it@0) | evaluded these

recommendations, as described in Sec3idm9

While | developed the initial and analytical themes sexbmmendationd also discussed

them with the ceauthors at regular intervals.

3.1.8 Quality assessment

| assessed the quality of each study included in the literature reviews in order to consider biases
in the conclusions. | used, or based the quality assessment on, published checklists that were
appropriateto the design of each included study. The quality assessment checklist was
completed independently by at least two of the authors who had completed the data extraction
for each study, and any differences were discussed and the appropriate score agtadNo

were excluded based on quality.

3.1.8.1Quantitative studies

Shamliyanet al. reviewed tools used to assess the quality of observational studies of disease
incidence, prevalence and risk fact¢i®1) Howeve, none were suitable for use in the
incidence review because they could not be applied across different study designs, were not
simple enough for use in many studies, and did not consider the elements we identified as most
likely to introduce bias in measng risk of T2D after GD. For example, the tool used by
Nguyenet al. 1999 could be applied to the studies of incidence and prevalence but had 28
guestions, and each had a different scoring system to give a total score ou{I32)0We
considered this to be too time consuming and complicated to apply to a high number of studies.
Others such as Scholtéteeteretal2 003 had a si mpler scoring sy
but had several questis that would not be relevant to progression to T2D after GD because it
was developed to assess prognostic factors (such asdgti@ivat least 12 months, description

of treatments and data presentation of most important outcome me#§+982s)
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As a result, | evaluated the risk of bias in each study included in this review using a checklist
adapted from the Critical Appraisal Skills Programme (CASP) and Newitleva Scale
checklists(194,195) There is a CASP checklist for each type of study design (including
randomised controlled trials and cohort studies, which were most relevant for this review).
There are between ten and 12 questions addressing study validity (research gunestion
recruitment), design (exposure and outcome assessment, confounding andifdlkvd the
results (trustworthiness and i mplications).
Similarly, the Newcasti©ttawa Scale for cohort studies examinestipipant section,
comparability of exposedandnenx posed cohorts, and outcomes.
according to the response to each question, and studies are classified as good, fair or poor

gual ity according t o acrbssthethwembomainsof ostarsod r

From these checklists, | selected six key questidablé 3.2) to assess possible bias in the
incidence estimate across aludy designs. | used a simple scoring system to maintain
comparability and internal wvalidity with nun
and zero points for fAunclearo or Anood; scor
studies, thee or four were medium quality, and scores less than three were low quality. Quality
assessment was independently completed by at least two authors (myself and one of Eileen
Chen, George Farmer, Madeline Green, Deeya Kotecha, or Chloe Legard) for elych stu
Queries and disagreements discussed with Simon Griffin.

3.1.8.2Qualitative studies

For the qualitative reviews, myself and Rachel Fox or Juliet USheth assessed the quality

of each studyds qualitative findingaiveagai ns
research Table 3.3) (196) This checklist was selected due to its comprehensiveness and
because the same questions could be applied to different tualitzethods. We awarded
scores of 0, 0.5 and 1 for answering O6nood,
During this process, | focused on internal consistency and recorded my justification for each
answer. This facilitated discussion of thedings with a second reviewer, particularly when

the assessment was uncertain.
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Table3.2: Quality assessment checklfst the incidence dfype 2 diabeteafte

rgestational diabetasview,

based on the NecastleOttawa Scal¢194)and Critical Appraisal Skills Programm@ASP)checklists

(195)

| Score|  Explanation

Recruitment

1. Was the cohort recruited in an acceptable way?
Yesi representative or somewhapresentative of a defined
population; e.g. a whole hospital cohortadint)
No i selected or unrepresentative grouy; @ population with a
particular characteristic (0)
C a n 6 t notdesdription of the derivation of the cohort (0)

Exposure andoutcome ascertainment

2. Was the exposure accurately measured to minimise bias?
Yesi objective measurements for study or from records (1)
Noi subjective measure; e.g. sedfport history of GD (0)
Ca n 6 t notdesdription (0)

3. Was it demonstratetthat outcome of interest was not present at start @
study?
Yesi steps taken to exclude pegisting T2D; e.g. selfeport,
medical records or 6 week postpartum test (1)
No (0)
Candt tell (0)

4. Was the outcome accurately measured to minimise bias?
Yesi objective measurements; e.g. independent blind assessme
call back for OGTT or HbA (1)
Noi subjective measure; e.g. sedfport or record linkage (0)
Ca n 6 t notdesdription (0)

Follow-up

5. Was the followup (for the incidence extracted) long enough for outco
to occur?
Yesi greater than approx. 5 years (1)
Noi less than approx. 5 years (0)
[Uncleari exclude]

6. Was the followup (for the incidence extracted) adequate?
Yesi completefollow up with all subject accounted for (1), OR
Yesi 40i 80% subjects followed up and those lost to foHopvare
unlikely to introduce bias (persuaded that there is no difference
between followed up and lost to follewp) (1)
No'i follow up rate less tha80% and no description of those lost
Uncleari no statement (0)

Total

16

Class

High (5 or 6),
medium(3 or 4) or

low (0, 1 or 2)
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Table3.3: Critical Appraisal Skills Programmé€ASP)checklistfor qualitative researc{196)used in the
qualitative literature reviews

| Score | Explanation

Are the results valid?

1. Was there a clear statement of the aims of the research? Yes/
Hint: Consider canoét
- What was the goal of the research no

- Why it was thought important
- lts relevance

2. Is a qualitativanethodologyappropriate? Yes/
Hint: Consider canot
- If theresearch seeks to interpret or illuminate the actions and/ no

subjective experiences of research participants
- Is qualitative research the right methodology for addressing th
research goal

Is it worth continuing?

3. Was the researdtesign appropriate to address the aims of the researc Yes/
Hint: Consider canot
- If the researcher has justified the research design (e.g. have ti no
discussed how they decided whinbthod to use)

4. Was the recruitment strategy appropriate to the aims of the research? Yes/

Hint: Consider canot

- If the researcher has explained how the participants were sele no

- If they explained why the participants they selected were the n
appropriate to provide access to ttype of knowledge sought by
the study

- If there are any discussions around recruitment (e.g. why som
peoplechose not to take part)

5. Was the data collected in a way that addressed the research issue? Yes/
Hint: Consider canot
- If the setting fothe data collection waistified no

- Ifitis clear how data were collected (e.g. focus group, semi
structured interview etc.)

- If the resarcher has justified the methatiosen

- If the researcher has made the methexiglicit (e.g. for interview
method, is thre an indication of how interviews are conducted,
did they use a topic guide)

- If methods were modified during teeidy. If so, has the
researcher explained how and why

- If the form of data is clear (e.g. tapecordings, video material,
notes etc.)

- If the researcher has discusssaturation of data

6. Has the relationship between researcher and participants been adequ Yes/
considered? canot
Hint: Consider no
- If theresearcher critically examined their own role, potential bi
and influencaduring (a) formulation of the research questions (
data collection, including sample recruitment and choice of
location
- How the researcher responded to events during the study and
whether they considered the implications of any changes in th
researchdesign

What are the results?

7. Have ethical issues been taken into consideration? Yes/
Hint: Consider canot
no
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If there aresufficient details of how the research was explaineg
participants for the reader to assess whether ethical standards
were maintained

If the researcher has discussed issues raised by the study (e.g
issues around informed consent or confidentiality or how they
have handled the effects of the study on the participants durin
and after the study)

If approval has been soughibm the ethics committee

8. Was the data analysis sufficiently rigorous?
Hint: Consider

If there is an indepth description of th@nalysis process

If thematic analysis is used. If so, is it cléew the
categories/themes wederivedfrom the data

Whether the researcher explains how dag¢a presented were
selected from theriginal sample to demonstrate the analysis
process

If sufficient data are presented to suppibr findings

To what extent contradictory data ati@keninto account
Whether the researcher critically examinbeir own role,
potential bias and influenaguring analysis and selection of datg
for presentation

Yes/
canoét
no

9. Isthere a clear statemenftfindings?
Hint: Consider

If the findings areexplicit
If there is adequate discussion of the evidence both for and ag
the researcherds arguments

If the researcher has discussed the credibility of their findings
(e.g. triangulation, respondent validation, more than one analy
If the findings ae discussed in relation to the original research
qguestion

Yes/
canobt
no

Will the results help locally?

10. How valuable is theesearch?
Hint: Consider

If the researcher discusses the contribution the study makes t
existing knowledge armnderstanding (e.g. do they consider the
findings in relation to current practice or policy, or relevant
research based literature

If they identify new areas where research is necessary

If the researchers have discussed whether or how the findingg
be tansferred to other populations or considered other ways tk
research may be used

Total

/10

3.1.9 Confidence in the findings

In the final part of each qualitative synthedisysed the Grading of Recommendations
Assessment, Development and Evaluat@onfidence in Evidence from Reviews of
Qualitative research (GRADEERQual) approach to evaluatgy confidence in each of these
recommendationfl97) GRADE-CERQual considers the relevance, coherence, adequacy and

methodological limitations of data contributing to each recommendation, inforthing

confidence in its effectiveness.
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| therefore had more confidence that a suggestion will support womehatage their
behaviour when the data that informed it came from primary studies that asked the same
guestion as our review question in a comparable popul@gt@vance)when most of the data
available supported the point made and there were few dispan views(coherence)when

the data were reported in detail from multiple studaetequac), and when the contributing

studies had low risk of bigsnethodological limitations

These assessments were recorded using the table suggested byt dw{i97), and are
reported in the appendesof this thesis. | completed thetables and discussed them with
Rachel Fox and Juliet Ush&mith

3.2 Cohort study

In this cohort studyl used medical records from the Rosie Hospital to examine uptake of

diabetes screening within ogear after a pregnancy affected by GD.

This was a secondary analysis of a convenience sample from a dataset created for another
purpose It allowed me to report diabetes screening attendance and associations between
attendance and variables recorded i rtiedical record. Tl was a quite large datasé66

record3 and no additional burden was placed on the patients or medical staff to collect data for
research purposes. However, as a retrospective cohort, there were missing data and some

variables that Wwould have included if | had designed the study were not collected.

3.2.1 Research team

The data for this study were provided by Dr Catherine Aiken, a Consultant in Obstetrics and
Fetal Medicine at the Rosie Hospital. Catherine Aiken and Dr Claire Meek (Hgnorar
Consultant Chemical Pathologist and Metabolic Physician with a special interest in GD)
provided details about GD care at the Rosie Hospital. The study was designed by myself
alongside Catherine Aiken, Claire Meek and my superviddegthew Barclay provded

further statistical advice.
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3.2.2 Overview of the cohort

The Rosie Hospital is a maternity hospital that is managed by the Cambridge University
Hospitals NHS Foundation Trust. It offers maternity and neonatal services to the local
population and specialisesrices to the eastern region in the UK (such as high risk obstetrics

and neonatal intensive ca(@p8).

As part of routine care at the Rosie Hospital, women with a history of previous GDeaezloff
an OGTT shortly after booking at 12 to 14 weeks of pregnancy. Women at higher GD risk,
such as older age or family history of diabetes, are offered an OGTT at 24 to 28 weeks while

others will be offered if they become symptomatic.

All women diagnoseavith GD are seen every two to four weeks at multidisciplinary clinics.

They are encouraged to monitor their blood glucose levels and offered lifestyle counselling.
Those with evidence of persistent hyperglycaemia are offered treatment with insulin,
metfommin or both. All patients are advised verbally during the antenatal period that they should
attend for postpartum glucose testing at six to eight weeks following delivery. Blood collection
can take place at t he hos pibloadlsamplesate precesged me n 0
by Cambridge University Hospitals NHS Foundation Trust so the results are available on the
Rosie Hospital electronic records.

For this study, Catherine Aiken identified women diagnosed with GD who delivered a
singleton infant a& viable gestatiorofer24 weeks) at Cambridge University Hospitals NHS
Foundation Trust between October 2014 and March 2017 from electronic medical records. We

only included the first pregnancy if women had several eligible pregnancies.

3.2.3 Definition of variables

| defined GD according to modified IADPSG critefl®d) used at the hospital at that time: FPG

05.3 mmd10.I0 mmol /1l after 60 minutes or O08.G¢E
OGTT. T2D and IGT were defined using the 2006 WHO critg®8,199) F P Gmn®If . 0

or Onnl/l dfter 120 minutes, and FPG<fmino | / | and @mollSfterl2dd <11 .
minutes in the 75g OGTT, respectively.

The general practice where each woman was registered was included in the dataset. | manually

Il inked data from each participant to their g
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on the internet, including size and deprivation score, diabetesity) and Outcomes

Framework (QOF), GP Patient Survey, and National Diabetes Audit indicators. Use of these
from 2015/ 2016
National General Practice Profiles, and the 2015 Index of Multiple Deprivation ((RAID).

variables are justified iable3.4. lusel dat a from

Table34:Description and justification of the vari
cohort analysis
Variable name | Description | Justification

General characteristics

Number of
registered patients

Size of the general practice in 2016

GD follow-up care may vary betwee
size of general practice (for exampl
larger practices may have more
specialist GPs but not know their
patients so well)

Practice IMD
score

Indicationof deprivation of the general
practiceds area in 2
income employment health and dsability,
education skills andtraining,housing and
servicesand living ewvironment andarime

Deprivation has been associated wi
healthcareavailability

General performance

Total QOF score

The percentage of all QOF points achieved
across all domains

Indication of thequality of care
provided to patients

Percentage
recommending
practice

Percentage ajeneral practicpopulation who
would reeommend the practice

Indication of overall patient
satisfaction with their general
practice

Diabetes care performance

Percentage with
blood test

The percentage of patientdth diabetesvho
received a blood test (fétbAic) within the
preceding b months

Process measure of diabetes care

Percentage with
foot examination

The percentage of patientsth diabetes with a
foot examination and risk classification
recorced within the preceding 12 months

Process measure of diabetes care

Perentage with

Thepercentge of patients with diabetes with

Outcome measure of diabetes care

HbA 1. <59 HbA:. less tharb9 mmol/mol (7.5%within

mmol/mol the preceding 12 months

Pecentage The percentage of patients with newly Process measure of diabetes care
referred for diagnosediiabetesvho have a record of being

education referred to a structured education programm

within 9 nonthswithin the preceding 12
months

IMD: Index of Multiple Deprivation; QOF: Quality and Outcomes Framework.

Personal and pregnancy characteristics were extracted from the medical record. Of note, pre
pregnancy BMI was based on measurements recorded in the community at the antenatal
booking visit at eight to 12 weeks. Gestational weight gain was calculated tbgcsinig pre
pregnancy weight from the last recorded clinic weight in pregnancy (at 36 weeks for the

majority). Gestational age at delivery was calculated using the emawp length measured
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on ultrasound scan in the first trimester. Gestasipecific brthweight zscores were based on
the INTERGROWTH21% Estimated Fetal Weight Standa(@©1).

| searched the dataset for the resulif OGTT or HbAc test performed within one year after

delivery, and used a test result as a proxy for attendance at testing.

The study was approved as a service evaluationthenthstitutional Review Board granted
approval for further analysis of tliata for research purposes.

3.2.4 Analysis

| used STATA 15.1 to run univariable and multivariable 4exel mixedeffects logistic
regression analyses to identify factors associated with the odds of postpartum testing for
diabetes by an OGTT, HhAor either ést.

This type of model was selected to account for clustering by GP practice; i.e. to model what is
actually happening rather than removing any differences between general practices. | used the
6mel ogité c ommand -effeot ofpimdewidugllevel varidbles (densona d
characteristics) on screening attendance because these were not anticipated to have differential
effeds across practices. The randeffect described differences across practices in the
likelihood of attending screening. The oddgio of attending screening after a caesarean
delivery, for example, is therefore the conditional odds ratio of attending screening after a
caesarean delivery compared to someone who did not have a caesarean delivery in the same

practice.

In order to met the assumptions for logistic regress{@f2) | selected variables for which

the erros are independent and were not collinear (such as BMI and weight). | ensured the
absence of highly influential outliers by examining the data, and ensured linearity for
continuous variabl es by plotting each cont

variable in order to identify a linear relationship.

Continuous variables were centred about the mean to aid interpretation. The multivariable

analyses were adjusted for variables that were significant in the univariable analysis or we had
strong a priarrationale to include (explainad Chapter 5)This was a complete case analysis.

No statistically significant differences between the characteristics of the original cohort and the

complete case cohort were observed, therefore | did not impute missing d
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Odds ratios and 95% confidence intervals are reported.

3.3 Qualitative interview study

For the | ast part of my doctoral research,
is the Diet, Activity and Screening after gestational diabetes: arviimte Study. The study
materials are provided in ttgppendces This study was approved by the West London and
GTAC Research Ethics Committee (reference 19/L0O/0441).

The methods are reported in this chapter and Chapter 8 in line with recommendaticass such
those by Anderson 201(®03) and the Consolidated Criteria for Reporting Qualitative
Research (COREQ) checklig04) The COREQ checklist ensures thorough reporting of the
research team and reflexivity (personal characteristics and the relationship with the
participants), wdy design (theoretical framework, participant section, setting and data

collection), and analysis and reporting.

3.3.1 Research team

This study was designed by myself alongside Dr Juliet USheth, Professor Simon Griffin,

Dr Claire Meek and Dr Catherine Agk. Claire Meek was particularly involved in contributing

to development of the study materials, gaining ethical approval and identifying research nurses
to recruit participants through her clinical connections with the Rosie and Peterborough
Hospitals. Rahel Fox contributed as the second author by coding a subset of the interviews,
creating charts and discussing the provisional findings. All authors were involved in the final

interpretation of the data.

3.3.2 Justification

A qualitative approach was used inertio explore and understand the experiences, views and
opinions of women with a history of GD on the research topic (i.e. diet, exercise and screening
behaviours after GD). Qualitative research is suitable for developing a deeper, detailed
understandingfahe phenomenon of interest than can be elicited by a survey or questionnaire
that quantifies the responses. It allows the participants to open up and share their own story;

that is, their thoughts on support for GD follap given their current postpantucontext and
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own experience of pregnancy. On the other hand, qualitative research utilises a small sample
size that tends not to be generalizable to the wider population and satitheresource

intensive.

Semistructured interviews were selected fotadaollection. This allowed me to direct the
topics covered in the interviews but also to diverge from the interview schedule to-tiglow

and further investigate ideas in order to develop a deeper understéz@ingCompared to

focus groups, interviews were considered to be a suitable method for data collection because
they allowed each participant to share their personal experiendeptimand were anticipated

to be easier for women with young chédrto attend since they could be conducted at a time
and place of their choice. However, interviews do not allow interactions between the

participants, such that they could respond and react to the other parti¢}@#)ts

3.3.3 Recruitment

The study sample, women with a history of GD, was recruited via the Rosie Hospital
(Cambridge University NHS Foundation Trust) and Peterborough Hospit@ambridgeshire

in the East of England. These locations were selected because they were accessible for me to
travel to, enabling me to arrange the interviews at the time most suitable fartibgant.In
generalPeterborough has a more diverse populationtth@area served by the Rosie Hospital

with regards to education level, income, ethnicity and therefore experience of GD.

Research nurses from the two hospitals identified eligiblecgeabts via their medical records.

They posted or emailed a customised invitation letter and participant information sheet to them
describing the purpose and procedure of the intervidppdndces1 and 2. Participants

replied to research nurses if thegnted to take part, who then passed their contact details onto

me using the secure 6nhs.netdé email to arran
| contacted the participants using telephone calls, email and text messages and | attempted to
speak directly to each participant before the interview. Potential participants were sent up to

one reminder to respond, and those who initially expressed interest were sent up to three

reminders to arrange the interview.

Additionally, we displayed postefg\ppendix 3) introducing the study at hospital antenatal
clinics so that potential participants could become aware of the study before receiving an

invitation letter.
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3.3.4 Inclusion criteria

Mothers over 18 years old were eligible if they had been diagnosed with GD during any
previous pregnancy. They must have been 12 weeks to four years postpartum in order to have
settled with their new baby and attend postpartum felipyand be cared for during the period
covered by the 2015 NICE guidelines for GD managerfi®nt

They needed to be considered suitable to take part in a qualitative interview by the research
staff who had access to their medical records (for exantglgy @o understand the interview
procedure and give informed consent). | did not have the resources to interview participants

who did not speak fluent English in this study.

Potential participants were not invited to take part if they did not have assiiak
uncomplicated pregnancy and ftdirm birth (over 37 weeks gestation) in order not to cause
undue distress. Defining whether each pregnancy was uncomplicated was delegated to the
research nurses who had the necessary information and clinicalixpéfomen who had
participated in a pregnancygr postpartunrelated intervention were also not invited in case

this led to a very different experience of pregnancy with more contact with medical teams than
the general population. They must not have lagnosed with diabetes before having GD

but those who had developed T2D following GD were eligible.

| anticipated interviewing 20 to 25 women in order to reach data saturation, based on the
relatively low information power predict@07) This is because this studycha broad aim,
sparse sample specificity but used purposive sampling, was ecasesanalysis and | had not
conducted qualitative interviews before. A key aspect of the interviews was structured around

pre-defined recommendations.

3.3.5 Interview process

Participants were invited to a fateface interview at a time and private place of their choice
(their home or a room in the hospital were suggested). | made clear that children were welcome
to be present during the interview so that alternative chidaauld not be needed, which

could have increased selection bias.

| began the interview by introducing myself to the participants as &limocal PhD student

who wanted to listen to their experiences in order to improve support for mums, not to judge
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or give advice. They were told that they were welcome not to disclose anything that they did
not want to, could pause or stop the interview at any time, and were given an opportunity to
ask any questions. Participants then gave written informed conseghlmgghe consent form,

confirming that they understood the purpose and procedure of the study, and permitting it to

be audierecorded.

| developed the interview guide with reference to the gaps in the literature identified in the
gualitative syntheses (@pters 6 and 7). The guide was discussed and refined with the wider
researcher team, including a clinician with recent GD. Written feedback from a patient and
public involvement and engagement group (PPI group; mothers with GD) was incorporated
into the fnal version, which was further refined after reflection on the first interviews. For
example, | began the first interview by asking the participant to describe their diet, expecting
this to be an easy topic to begin with. However, they had been expextalyg tbout their

recent pregnancy, therefore | began subsequent interviews by asking participants to share their
experience of GD, which helped to build rapport by allowing me to understand some of the

A

context for participatmdéssd current behaviours

Participants were then asked to describe their current eating habits and physical activity, and
whether they felt that having had GD had influenced these. We then moved on to discuss any
support for healthy behaviours that they would like/hawedljland how this could be delivered
effectively. Participants were asked about their own ideas first, then asked to provide feedback
on suggestion cards | provided; for example, whether they agreed or disagreed with each
suggestion and if there was anyththey would add. The 20 suggestions were based on the 30
recommendations that | developed in the two qualitative literature reviews that are described
in Chapters 6 and {208,209) | did not use all of the recommendations developed in the
literature reviews in order teeduce the burden on the participant, which could cause them to
disengage with the interview, but selected or adapted recommendations that | considered to be
most relevant to participants, rather than clinicians for example. | also grouped them according
to similar concepts, such as information or the family, and generally presented them in the same
order for each interview. During some interviews, | considered that it was not appropriate to
share certain suggestion cards. Most often, this was where pamtEiwere not aware of the

need for any or annual diabetes screening therefore to ask them what would facilitate

attendance may be upsetting.
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If participants had said that they did not want to make any changes themselves, they were asked
what they thoughtnight help others with GD based on their own experience. These questions
were then repeated for attending diabetes screening: whether they had been, plans for future

screening, and what might helgem attend. Prompts were given as necessary.

The final nterview schedule is presentedTiable3.5.

Table3.5: DAISIeS interview schedule and suggestion cards.
Introduction

- Introduce researcher and the purpose of the interview
- Explain theinterview procedure

- Informed consent

- Begin recording

As | said, | am particularly interested in p@segnancy, but perhaps you could start by telling me a
about what your GD pregnancy was like for you?

Understand current lifestyle
To help us undetand any lasting impact GD might have had, please tell me a bit about your curren

What was your diet like before yo®D pregnancy? [How] do you think this has changed? What he
you make these changes?

Please tell me a bit about anything that gouo stay active.

Did you do any exercise before yaBD pregnancy? [How] do you think this has changed?

To summarise, do you think GD has had an impact on you, making any lasting changes?

[If any,] what other changes to your diet/exercise would ykaith make? Why do you say this?
Ideal lifestyle intervention

What would help you most to have a healthie

Introduce suggestion card$110 . Are there any that woul d be%®
Anything that you would add?

Is there anything else that you would like to add about diet and exercise?
Understand current screening behaviour
Have you had a test for diabetes since your pregnancy? What made you go/what prevented you frg
How doyou feel about having regular diabetes tests in the future?
Ideal screening intervention
What would help you most to attend diabetes testing? (At 6 weeks postpartum and annually)

Introduce suggestion cardsiZD. Are there any that would be beneficiayt@m u? Any t ha
Anything that you would add?

Close

- Today | wanted to talk to you about diet, exercise and screening for T2D after GD, and wha
help with this. Is there anything else that you would like to discuss or ask?

- Complete questioraire

- End
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Suggestion cards

1. More information about the impact of healthy 2. More mformauon abOUt. the impact of healthy
. . . ; diet/exercise on your wider health (e.g. stress
diet/exercise on your diabetes risk .
weight)
3. More information about the impact béalthy 4. Suggested ways for your children and wider
diet/exercise on your family family to be healthier
5. Help for vou o exercise with others 6. Advice about how to have a healthy diet (food
' piory shopping, cooking, healthy substitutions, etc.)
7. Advice about how t@xercise with a busy 8. Advice about how to keep going with healthy
schedule (e.g. around the home) changes to your diet/exercise
9. A_dwce ab_out saving money and healthy 10. Monitoring your progress
diet/exercise
11. Do_ctors talking more about postpartum tests 12. Invitations and reminders for tests
while you were pregnant
13. Your GP knowing more about your pregnancy 14, More opportunities to understand gestational
diabetes
15. More childfriendly clinics/waiting rooms 16. Being able to get tested at a place of your chg
17. Shorter,more pleasant tests 18. Comt_Jlnmg glucose testing with other
appointments
19. A better understanding of the purpose of glucc 20. Not being able to monitor your blood sugar

testing

yourself

Finally, the participants were asked to complete a short questionfpper(dix4) to provide
background

demographics (because no information was extracted from tdecaheecord). This also

information

relevant to their

heaikated

provided an opportunity to give written feedback on the interview.

lifestyle choices and their

As soon as possible after each interview, | recorded field notes. These included initial

reflections on the interview, such as strong or surprising opinions. inalde notes that might

be relevant to interpretation of the interview but were not explicitly captured by the audio

recording or survey: such as relevant information or context discussed before the start of the

formal interview (e.g. while the participamis making drinks), any disruptions or distractions
t hat

took pl ace, an

d

the setti One

ng.

which may have led to the participant being distracted from the interview.
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3.3.6 Analysis

Interview recordings weretranscribed by a professional transcription service
(www.typeout.co.uk). | checked the transcripts for accuracy against the recordings, and

pseudeanonymised them by removing names, places and dates.

The interviews were analysed using an iterative psottes began after completion of the first

few interviews using the framework analysis approézh0,211) Framework analysis is
particularly useful for comparing within and betweenesashereby allowing distinction
between participants to be maintained throughout the analysis process and each perspective
kept in context. It maintains transparency between the raw interview data and final

interpretation.
This involved the following step

1 Familiarisation with the data through listening to the awdmprdings, reading the
transcripts and field notes, and making notes about participants and emerging themes.
Familiarisation was particularly important to inform development of the framework

after completing the first few interviews.

1 Identifying a thematic framework. Because this analysis focused on approaches to
improve support after GD to reduce T2D risk, the original framework was based on the
suggestion cards and interview schedule, aed thas refined upon coding the first
interviews to reflect where the ideas were similar. | added codes developed inductively
from repeated themes in the interviews (such as the need for advice to be given in a
positive, norudgemental way). | consideredevkloping a framework around a
behavioural theory (such as the Health Belief Model, Transtheoretical Model,
Theoretical Framework of Acceptability, Social Cognitive Theory or Social Ecological
Model) but found that the interview schedule itself was mopeaggiate to the aim of
this study. | retained a distinction between suggestions initiated by participants and
those in reponse to the suggestion cards. The thematic framework is repofiiolén
3.6.

1 Coding the content of each interview according to the thematic framework. | coded all

of the interviews and Rachel Fox coded four interviews to ensure agreement.
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19 Developing charts to summari se each partd.i
section of the framework. One row was used for each participant interviewed, and one
column was used for each code within the framework. After reviewing the relevant
interview data, | summarised it and made references to the original transcript where
there were exemplary quotes. An excerpt from one of the chadpastedin Table
8.1. Rachel Fox also charted the four interviews that she had coded in order to ensure

the summary of the interview was appropriate to the data.

1 Mapping and interpretation of the data to answer the research question. This involved
studying eah chart carefully to identify characteristic views shared between the
participants or groups of participants. Where differences and deviant cases were
observed, | attempted to understand in which ways they were different and why,
according to the informen provided. | made additional research notes and discussed
the emerging interpretations with the other authors who had read some or all of the
transcripts, charts and analysis notes. We considered our clinical (obstetrics and general
practice) and nowlinical background<RReflexivity is reported irbection8.5.3 Finally,
| wrote up the findings in detail, describing and explaining the phenomena observed. |
also irvited the participants to provide feedback on a summary of the findings and

incorporated their responses into the final version.

NVivo 12 (NVivo qualitative data analysis software; QSR International Pty Ltd, version 12
[2018]) was used for coding transdrig |, and the OFramework Matr
generating the summary charts: this allowed me to view all coding under a certain code for a
transcript and concurrently summarise it by typing in the adjacent table. | then exported the

charts into Excel.

Additionall vy, I categorised the participant
agreebd6, O6Agreed, ODisagreeb6, 6Strongly disag
in order to order to demonstrate overall agreement/disagreement and thiere were
discrepancies across the participants. Where it was unclear, | discussed the classification with

a second author.
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Table3.6: Thematic framework used to analyse B&iSleSinterviews.

A. Diet and exercise
a. Diet
i. General comments
ii. Promptedsuggestion card@tAdvice about how to have a healthy diet
iii. Unprompted suggestions
b. Exercise
i. General comments
ii. Prompted#5 Help for you to exercise with others
iii. Prompted#7 Advice about how to exercise with a busshedule
iv. Unprompted suggestions
c. Information and understanding
i. General comments
ii. Prompted#l More information about the impact of healthy diet/exercise on yq
diabetes risk
iii. Prompted#2 More information about the impact of healthy diet/exercise on yq
wider health
iv. Unprompted suggestions
d. Family
i. General comments
ii. Prompted#3 More information about the impact of healthy diet/exercise on yq
family
iii. Prompted# Suggested ways for your children and wider family to be healthig
iv. Unprompted suggestions
e. Money
i. Generaktomments
ii. Prompted#9 Advice about saving money and healthy diet/exercise
iii. Unprompted suggestions
f.  Sustainability
i. General comments
ii. Prompted#8 Advice about how to keep going with healthy changes to your
diet/exercise
iii. Unprompted suggestions
g. Monitoring
i. Generaktomments
ii. Prompted#10 Monitoring your progress
iii. Unprompted suggestions
B. Diabetes screening
a. Why attended or did not attend
i. Why attended or haven't
ii. Other
b. Booking
i. General comments
ii. Booking first test and prompteéfl 1 Doctors talking more about postpanttests
while you were pregnant
iii. Prompted#12 Invitations and reminders for tests (follup)
iv. Unprompted suggestions
c. Combining appointments
i. General comments
ii. Prompted#18 Combining glucose testing with other appointments
iii. Unprompted suggestions
d. GP awareness
i. Generakcomments
ii. Prompted#13 Your GP knowing more about your pregnancy
iii. Unprompted suggestions
e. Selftesting
i. General comments
ii. Prompted#20 Not being able to nmitor your blood sugar yourself
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iii. Unprompted suggestions
f. Testused
i. General comments
ii. Prompted#17 Shortermore pleasant tests
iii. Unprompted suggestions
g. Child-friendly clinics
i. General comments

iii. Unprompted suggestions

h. Understanding GD and postpartghucose testing
i. General comments about understanding GD

i. Testlocation
i. General comments

iii. Unprompted suggestions

C. Other
a. Pregnancy
b. Mode of delivery
c. Source and who
d. When
e. Suggested content of a postpartum appointment
f.  Sensitivity and nofludgemental attitude
g. General postpartum experience
h. Other

ii. Prompted#15 More childfriendly clinics/waiting rooms

ii. Prompta #14 More opportunities to understand gestational diabetes
iii. Unprompted suggestions about understanding GD

iv. General comments about understanding glucose testing
v. Prompted#19 A better understanding of the purpose of glucose testing
vi. Unprompted suggestions aliaunderstanding glucose testing

ii. Prompted#16 Being able to get tested at a place of your choice

When reporting the findings, | was careful to maintain the anonymity of the participants. |

removed data that could link the participants to a precise location, and the aggndador

their children. Pseudonyms

wer e

carefully s

example, where Chinese participants used their adopted name in English in the interview, I

selected another English name that was popular at a stimik). It was not possible to ask

participants to select thei
were randomly assigned within the appropriate age category.
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Chapter 4 The incidence of type 2 diabetes after
gestational diabetes

A systematic review and metaanalysis in over 310,000 affected women

In this chapter, | describe a systematic review of the percentage of women diagnosed with T2D
after a pregnancy affected by GD. This updates previous estimateh abisotute and relative

risk by including more studies and longer follmg, and investigates heterogeneity. The
findings both inform and underscore the importance of the chapters that follow in this thesis:
postpartum testing to diagnose emerging gludoselerance (Chapters 5, 6 and 8) and

behavioural changes to reduce weight as a risk factor for T2D (Chapters 7 and 8).

The study described in this chapter was published in 2020y Dennison RA Chen ES,

Green ME, et al. The absolute and relative risk of type 2 diabetes after gestational diabetes: A
systenaic review and metanalysis of 129 studies. Diabetes Res Clin Z320; doi:
10.1016/j.diabres.2020.108625

4.1 Background

As described in Chapter 1, GD increases the risk of adypeegmancyoutcanes for both

mother and babyThere is also an associatiaith higher longterm risk of future obesity,
glucose intolerance and development of T8B). Factors such as elevated BMI, multiparity

and poorer pregnancy glucose tolerance have been suggested to further increase T2D risk

(125,126) while breastfeeding may have a protective eff2t8)

Estimates of T2D risk will be important for clinicians, patients and policy makers in postpartum

care after GD. As well as highlighting the importance of folloquy accuratestimates of risk
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and time to T2D development will inform the timing and intensity of screening strategies and

lifestyle interventions.

Relative risk, or the risk ratio, reports the likelihood of being diagnosed with T2D following a
pregnancy affected byscompared to the likelihood of diagnosis for women with unaffected
pregnancies. Conversely, absolute risk reports the percentage chance of diagnosis. As
described by Noordzgtal.2 017 i n their paper titled ARel a
canna be interpreted without the othero, an ¢
relative risk, while both populations still have low baseline incidence in absolute(&t#)s

As sich, although the relative risk summarises the risk in both populations, it tends to
exaggerate the effect of an exposure because absolute risk is concealed. Absolute risk, such as
number of cases expected in a thousand people, is advised in risk comionubieaause it is

often easier to interpré215)

Severaliiterature reviews have described development of T2D afte(36[98,99,121123)

Kim et al. previously reviewed absolute risk, including studies published from 1965 to 2001
(99). The key finding from this review is that cumulative incidence of diabetes ranged from
2.6% to more than 70% in studies that examined women six weeks postpartum tos28 year
postpartum. Incidence was reported to increase fastest during the first five years after
pregnancy. These findings have been used to support development of T2Bduskon
interventions and screening regimes in the postpartum period. It is therpfoopr@ate to
update these estimates in light of more recently published studies with longeruplland
changing protocols for GD and T2D diagnosis and management. Furthermore, they did not
formally combine incidence estimates. Sinegistering angtating my review, Vounzoulaki

et al.have compared progression rates to T2D in women with GD and healthy controls between
2000 and 2019 (registered on PROSPERO in January 20232) Twenty studies were
included in the metanalysis, and the authors concluded that they did not have sufficient power

to identify associations between-cariablesand T2D progression.

Bellamyet al.2009 and Songt al.2018 (which specifically aims tqdate Bellamet al.with

data from thesubsequenten years) are large systematic reviews that investigate relative risk
by many study level subgrouf8,122) They report that women who have had GD are nearly
eighttimes more likely to develop T2D than women who have not had affected pregnancies,

whereas Vounzoulalat al.reported a nearlientimes higher risk121)
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4.2 Aim

4.2 Aim

In this study, | aimed to synthesise all available data from published observational and
experimental studies concerning the percentage of women developing T2D after GD and the
relative rsk of T2D in women with and without GD, to describe the heterogeneity of estimates

of progression, and to explore std@yel characteristics associated with heterogeneity.

4.3 Methods

The full methods for the literature review are described in Chapter 2ltharprotocol was
registered on PROSPERO in November 2017 (record ID CRD42017080299). The roles of the

other researchers involved in the review are described below.

4.3.1 Search strategy

A literature search was conducted in September 2017 by Rebecca Wardaidtesirategy

in Table3.1 wasusedto identify studies reporting diagnoses of T2D in women with a history
of GD. | updated this search in October 2@d #lentify studies published in the last two years.
Additionally, | screened the reference lists of previous similar literature reviews and tested the
studies they included againstronclusion criteria.

4.3.2 Inclusion criteria and study selection

I, along with five medical students at the University of Cambridge under my supervision
(Eileen Chen, George Farmer, Madeline Green, Deeya Kotecha and Chloe Legard), screened
the titles and abstracts and then the full texts accortbngur inclusion criteria. We
independently screened an overlapping 10% to ensure consistency in the decision making, and
discussed any discrepancies with Simon Griffin. We included studies:

1 That quantified development of diabetes after GD,

1 That indicated time after pregnancy of T2Desssnent,

1 That followed up the total or a random sample of a population with GD,

1 Where diabetes diagnosisas assesseqt an average six months or longer after-GD

affected pregnancy,
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1 That reported diagnostic method and/or criteria for both GD and T2D, and

1 With a sample size of 50 or more participants with GD followed up.

4.3.3 Quality assessment

Two authors independently assessed the quality of the included studies using a checklist of six
guestions assessing recruitment, exposure and outcome ascertainméoitpandp (Table
3.2).

4.3.4 Statistical analysis

Two authors independently extracted key data into an Excel spreadsheet. Definitions of the

studylevel chaacteristics of the studies and participants analysed are explaifatle?.1.

The analysis was performed using STATA 15.1. | used rareffeots metaanalyses to
summarise the percentage of women developing T2D overall and according to the subgroups.

| then used meteegression to quantify the extent to which a diagnosis of T2D was associated
with the values of one or more study level characteristalso calculated the relative risk of
diabetes in studies that had a comparator population and combined these across studies using

randomeffects metaanalysis, overall and stratified by study and maternal characteristics.

Table4.1: Definitions of the studyevel variables used in the medaalysis of the incidence tfpe 2
diabetesaftergestational diabetes

Continuous

Variable Description Categorical variable variable
Study characteristics
Region Geographical region to represent the | Australasia, Europe, NA

ethnic makeup of each region and, Western Pacific, North

additionally, facilitate distribution of | America, Middle East

data where possible and South Asia, Africa,

Central and South
America,or Multiple

Follow-up Mean, median or planned interval <3.0, 3.05.9,6.03/ 8.9, Average yearsf
duration between delivergndassessment of 9.0'11. 9, or (follow-up

T2D; if only the range or upper limit

was reported, | estimated the npdint

(estimated followup was only used as

categorical variable)
Method to Whether glycaemic tests were Medical records or self | NA
identify GD performed within the study to identify | report, or glycaemic test

GD (e.g. OGTT), or whether other

sources such as medical records from

hospitals, insurance data or segport

were used
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Sensitivity of
GD diagnosis

GD diagnostic criteria classified as loy
sensitivity (FPG
sensitivity (FPG <5.8 mmol/l), or a
clinical diagnosis based on author
consensus. If criteria changed during
the study, the one used for the greate
proportion of time informed sensitivity

Clinical, low, or high

NA

Method to
classify T2D

Whether glycaemic tests were
performed within the study to classify
T2D (e.g. OGTT oHbA;ctest), or
whether other sources such as medic
records from hospitals, insurance datg
or selfreport were used

Medical records or self
report, or glycaemic test

NA

Sensitivity of
T2D diagnosis

T2D diagnostic criteria classified as lo
sensitivity( FPG O7. 8 mmg
sensitivity (FPG <7.8 mmol/l), or a
clinical diagnosis based on author
consensus. If criteria changed during
the study, the one used for the greate
proportion of time informed sensitivity

Clinical, low, or high

NA

Year of Midpoint of the year of GD diagnosis ¢ Before 2000, or Median year of
pregnancy delivery eligible (the year 2@was the | during/after 2000 pregnancy
median across the studisgthe year
2000 was used for the binary variable
Quality Quality assessment based on a score| Low quality (score D NA
assessment of 6 2/6), medium quality
score (score 34/6), or high

quality (score 56/6)

Maternal demog

raphics

Ethnicity

Percentage of the study population th
was White European, Caucasian, nhon
HispanicWhite (or similar);

parti ci pant sotrepetedy
it wasinferredbased orcensus data for
the study settingused in the binary
variable only)

Estimated majority White
Europeanor estimated
majority not White
European

Percentage of the
study population
reported to be
White European

Age at delivery | Average age at deliveryhis was <32 years,003 2 y ¢ Average age at
estimated using age at another timepq delivery
if not reported 1.8 years was thaean
age at deliveryacross the studigso 32
yearswas used for the binamariable)
Age at follow- Average age af2D assessment; this | <38 years, 003 8 y @ Average age at

up

was estimated using age at another
timepointif not reported 87.7 years
was themean age dbllow-up across
the studiesso 38 yearsvas usedor the
binary variable)

follow-up

Pre-pregnancy
BMI

AverageBMI before pregnanc{25.9
kg/n? was themeanBMI before
pregnancyacross the studieand25
kg/nm? was used to define average or
overweighy

<25 kg/nt, or @5 kg/n?

Average pe-
pregnancy BMI

BMI at follow-
up

AverageBMI atT2D assessmel(p7.8
kg/m? was themeanBMI atfollow-up
across the studieand25 kg/nf was

used to define average or overwejght

<25 kg/nt, or @25 kg/n?

Average BMI at
follow-up
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Percentage Average percentager which theindex | <35% orO 3 5 % Average
nulliparous at pregnancywas their first pregnancy or percentagevho
index pregnancy delivery(37.6%was the mean were nulliparous
percentagacross the studiesp 35% at index
was usedor the binary variable) pregnancy
Family history | Average percentageporting diabetes | <50%, orO5 0 % Average
of diabetes in their family history(53.4%was the percentage ith
meanpercentag@cross the studiesp family history of
50%was usedor the binary variable) diabetes

FPG: fasting plasma glucose; NA: not appropriate; OGTT: oral glucose tolerance test.

4.4 Results

4.4.1 Literature review

The literature search identified 25,789 studies after removal of duplicates. We reviewed 518
full texts and included 129 citations from the literature searchrefedencdists (Figure4.1).

Seventy seven studies were excluded because they reported data from the same population as
an included study. The percentage developing T2D was reported in 310,214 women with a
history of GD, plus 4,155,247 parous mwen without GD Appendix5 reports details of the
129included studies.

4.4.2 Study-level characteristics

4 .4.2.1Characteristics of the included studies

Studylevel characteristicsra summarised irmable4.2. Sixty one studies (47%) were based

in Europe and 61 studies (47%) followed up more than 200 participants with GD. Tiwé date
pregnancy ranged from 1979 to 2018, and 45 studies (35%) included@Dnoomparator
group. Thirteen studies involved interventions, mostly during pregnancyné&tienduration

of follow-up was 50 years (range 0.6 to 29.9 years). Most studies fell into the less than 3.0

years or 3.0 to 5.9 years follewp categories (n=38 [29%] and n=44 [34%], respectively).
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4.4 Results

= Citations identified through literature search
b= n=39,572
2]
b=}
=
S )
= Duplicates removed
n=13,783
Citations after duplicates removed
n=25,789
Excluded titles and abstracts
n=24,470
o Citations included after screening title
2 and abstract (group of reviews)
v
?5’ n=1,319
@
Excluded titles and abstracts
n=801
Citations included after screening title
and abstract (this review)
n=518
Excluded full texts n=396
81 not primary research article
77 duplicate data
77 no diabetes incidence reported
52 follow-up less than six months
i 44 no GD or exclusive GD
2 23 n with GD less than 50
2 21 incomplete follow-up
= 11 no time to follow-up reported
6 no diagnostic criteria reported
4 full text unavailable
Additional eligible studies identified
from related reviews
n=7
=
£
= Studies included
£
- n=129

Figure4.1: PRISMA diagram for the inchce of type 2 diabetes screening after gestational diabetes syst
review.
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Table4.2: Summary of studyevel characteristics of studies included in the raatalysis.

% or
N studies median [IQR]
Sample size with GD (followed up) 129 195 [11G489]
Sample size without GD (followed up) 45 388 [716,359]
Region
Africa 1 0.8
South Africa 1 0.8
Australasia 8 6.2
Australia 8 6.2
Central and South America 3 2.3
Brazil 1 0.8
Mexico 1 0.8
Trinidad 1 0.8
Europe 61 47.3
Austria 1 0.8
Belgium 1 0.8
Croatia 2 1.6
Czech Republic 1 0.8
Denmark 3 2.3
Finland 6 4.7
France 2 1.6
Germany 5 3.9
Greece 1 0.8
Ireland 1 0.8
Italy 6 47
Netherlands 2 1.6
Norway 1 0.8
Poland 7 5.4
Portugal 1 0.8
Spain 6 4.7
Sweden 6 47
Turkey 3 23
UK 6 47
Middle East and South Asia 13 101
India 4 3.1
Iran 4 31
Israel 1 0.8
Saudi Arabia 2 1.6
Sri Lanka 2 1.6
North America 29 225
Canada 10 7.8
us 19 14.7
Western Pacific 13 10.1
China 1 0.8
Hong Kong 1 0.8
Japan 2 16
Malaysia 1 0.8
South Korea 5 3.9
Taiwan 2 1.6
Thailand 1 0.8
Multiple 1 0.8
Multiple 1 0.8
Average duration of follow-up (years) 108 5.0[2.17.4]
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4.4 Results

Method to identify GD

Medical records or selieport 93 721

Glycaemic test 36 279
Sensitivity of GD diagnosis

Clinical 32 24.8

Low 34 264

High 63 488
Method to classify T2D

Medical records oselfreport 50 388

Glycaemic test 79 61.2
Sensitivity of T2D diagnosis

Clinical 26 20.2

Low 16 124

High 87 674
Median year of pregnancy 119 2003 [19962008]
Study quality

Low quality (score 02/6) 13 10.1

Mediumquality (score 34/6) 91 705

High quality (score 56/6) 25 194

IQR: interquartile range.

Most cases of GD were identified by OGTTs performed during the study (n=36 [28%]) or
recorded in medical records (n=86 [67%]). However, many different diagnostic criteria were
used (varying by timing, dose of glucose administered, and glycaerotfg)jiCarpenter and
Coustan(23), Australasian Diabetes in Pregnancy Soc{gy6) ADA (217 220), and WHO
(199,221 223) (various years) criteria were frequently reportedngbkide local protocols.
According to the definitiondescribed inrable4.1, 34 studie$26%) used low sensitivity and

63 (49%) used high sensitivity tests, and the remainder were grouped as clinical diagnoses.

To assess T2D status, glycaemic tests such as 75g OGIbRAa:.alongside multiple different
criteria were used frequently (n=79 [61%]); high sensitivity tests were most common (n=87
[67%]). Clinical diagnoses included review of medical records, diabetes registers, or

reimbursement for diabetes medication rdsor

Ninety one (71%) studies were medium quality and 25 (19%) were high quality. Median score
in the quality assessment was 4/6. The most common reasons for reduced quality were high
loss to followup (n=63 [49%])and no assessment of gristing T2D (n61 [47%]; Figure

4.2).

89



Chapter 4The incidence of type 2 diabetes after gestational diabetes

1. Was the cohort recruited in an
acceptable way?

2. Was GD exposure accurately
measured to minimise bias?

3. Was it demonstrated that T2D
was not present at start of study?
4. Was T2D accurately
measured to minimise bias?

5. Was the follow-up long
enough for T2D to occur?

6. Was the follow-up adequate?

40 60 80 100
H Yes No or unclear Percentage of studies

[
[
(=]

Figure4.2: Summarised results of the quality assessment for the incidetygeedt diabetes screening after
gestational diabetes systematic review.

Table3.2 shows for full definitions and scoring of quality assessment criteria.

4.4.2.2Characteristics of the included participants

Studylevel maternal characteristics are summariset@iable 4.3. Among women with GD,

average age was 31.8 years at delivery (range 18.7 to 38.5 years; data available in n=103
studies) and 37.7 years at follay (30.2 to 52.3/ears; n=96). In studies clearly reporting
participantsdéd ethnicity, 44. 9% were White EuU
of studies (n=74) included populations in which the majority of women were White European.
Participants were often overigat: average BMI before pregnancy was 25.9 Kgfange 21.0

to 32.4kg/m?; n=41) while the average at follewp was 27.8 kg/f(range 22.7 to 35.0 kgin

n=46). At the index pregnancy, 37.6% of participants were nulliparous (range 9.7 to 100.0%;
n=37). Rfty three percent of participants reported a family history of diabetes (range 7.2 to

100%; n=60).

Table4.3: Summary of studyevel characteristics gfarticipantancluded in the metanalysis.

% or

N studies mean [range]
Ethnicity

Average percentage White European 78 44.9 [0.0i 100.0]

Estimated majority White European 74 574
Average age at delivery (years) 103 31.8 [18.71 38.5]
Average age at followup (years) 96 37.7 [30.2i 52.2]
Average pre-pregnancy BMI (kg/m?) 41 259 [21.0i 32.4]
Average BMI at follow-up (kg/m?) 46 27.8 [2271 35.0]
Average percentage who were nulliparous at index pregnancy 37 37.6 [9.71 1000]
Average percentage with family history of diabetes 60 534 [7.21 1000]

BMI: body mass index
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4.4 Results

4.4.3 Absolute incidence of type 2 diabetes after gestational diabetes

Overall, 17.0% (95% CIl 15.1 to 19.0%99.3%)of women across the studies developed T2D
after GD.In the remainder of this sectiphdescribe howHis estimate varied according to
studylevel variables. Itanged from 0.0% in a study with an average 1.5 years faljp(m=68
followed up)(224)to 93.4% at 29.9 years follewp in a highrisk population (n=332(225).

Percentage develom T2D increased in a nelnear way as studievel duration of follow

up increasedRigure4.3). A third of women developed T2D within 15 years oégnancy.

Percentage with T2D (%)
50

30

T T T 1
0 5 10 15 20 25 30

Average study follow-up (years since pregnancy)

Figure4.3: Scatter plot showing the percentage of women developing type 2 diabetes after gestational
diabetes by average study follayp duration.

Size of circle indicates weight given to eacaldgt(based on number of women followed up); line of best f
and 95% confidence region (grey shaded area) estimated fromraggtession. N=108 studies and 226,49
women.

Studies in Central and South America and Africa had the highest percentage diagtiosed
T2D (47.7% [95% C1 31.9 to 63.8%F,84.0%, and 31.3% [95% CI 24.4 to 39.2%]100.0%,
respectively) while those in Europe and Australasia had the lowest (12.8% [95% CI 9.7 to
16.8%]; £ 99.1%, and 12.7% [95% CI 7.5 to 20.8];96.®%6, respectivgl; Figure 4.4 and
Figure4.5).
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4 ‘Western Pacific
17.3% (11.1-26.0%)

4%

b
Middle East \\ @ '
and South Asia 3. ﬁ'-?"i]ka‘
& Y

d 25.1% (14.5-40.0%)

Central and South
America
47.7% (31.9-63.8%)

~

Africa
31.3% (24.4-39.2%) Australasia e 27
12.7% (7.5-20.8%) g

10%-19%
20%-29%
30%-39%
40%—-49%

No data

Figure4.4: Map showing the crude percentage and 95% confidence intervals of women with type 2 die
after gestational diabetby region, estimated using randeafiects meteaanalysis.

Australasia: 8 studies, 781 women; Europe: 61 studies, 96,773 women; Western Pacific: 13 studies, &
women; North America: 29 studies, 183,533 women; Middle East and South Asia: 13 studies, 13,327
Africa: 1 study, 150 women; Central and South America: 3 studies, 271nvome

Figure4.5 andthe corresponding univariable analysisTiable 4.4 show that progression to

T2D did not clearly vary with GD or T2D diagnostic method or sensitivity, or study quality
(see Sectiod.4.3.]). However, there was a tendency for studies that reliecchmieal or low
sensitivity diagnosis to report higher percentages with T2D than highly sensitive GD diagnoses.
Studiesin which women were pregnant, on average, before the year 2000 reported higher
percentages with T2D as shownFigure4.6A (22.0% [95% CI 18.9 to 25.5%]2 B8.6, and

13.3% [95% CI 11.0 to 15.9%J 99.5, respectively).

Figure 4.7 and the corresponding univariable analysisTable 4.4 show the percentage
developing T2D after GD according to stdéyel maternal demographics. Diagnosis of T2D
was higher in studies considering women who were not White European, older\atupllo
(reflecting longer duration of followp), less frequently nulliparous, and had a higher BMI at
follow-up. Scatter plots showing the percentage of women developing T2D after GD by these
variables are shown igure4.6Bi E. Ageat delivery, prgpregnancy BMI, and the proportion

of women with a family history of diabetes didt appear to influence the estimates.
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4.4 Results

Subgroup N studies N participants Percent (95% CI) 1’
Region
Australasia 8 7,081 <> 12.7 (7.5-20.8) 96.7
Europe 61 96,773 < 12.8 (9.7-16.8) 99.1
Western Pacific 13 8,416 <> 17.3 (11.1-26.0) 98.0
North America 29 183,533 <> 21.5(18.4-24.9) 99.5
Middle East and South Asia 13 13,327 <> 25.1 (14.5-40.0) 98.7
Africa 1 150 e 31.3(24.4-39.2)  100.0
Central and South America 3 271 —  ———— 477(319-63.8) 840
Multiple 1 663 <> 10.7 (8.6-13.3) 100.0
Average follow-up duration
<3.0 years 38 28,734 < 12.9 (10.0-16.5) 97.3
3.0-5.9 years 44 152,531 < 14.9 (11.6-18.9) 99.5
6.0-8.9 years 22 7,706 <> 18.3 (14.1-23.3) 95.9
9.0-11.9 years 13 67,167 S 21.8(16.0-29.2) 98.9
>12.0 years 12 54,076 <> 33.9 (26.1-42.7) 99.5
Method to identify GD
Medical records or self report 93 303,047 <> 17.8 (15.6-20.2) 99.5
Glycaemic test 36 7,167 <> 14.5(10.9-19.2) 95.7
Sensitivity of GD diagnosis
Clinical 32 248,111 <> 20.5(16.3-254)  99.8
Low 34 15,190 Q 19.3 (14.4-25.3) 97.9
High 63 46,913 <> 14.2 (12.1-16.6) 97.4
Method to classify T2D
Medical records or self report 50 290,678 <> 14.9 (12.3-17.8) 99.7
Glycaemic test 79 19,536 <> 18.3 (15.2-21.8) 96.7
Sensitivity of T2D diagnosis
Clinical 26 253,865 < 14.5 (11.3-18.5) 99.8
Low 16 3,715 S 21.0 (15.0-28.7) 95.5
High 87 52,634 <> 17.0 (14.4-20.0) 97.9
Median year of pregnany
Before 2000 50 71,967 Q 22.0 (18.9-25.5) 98.6
During/after 2000 69 236,109 < 13.3 (11.0-15.9) 99.5
NR 10 2,138 A 21.8(14.8-30.9) 94.6
Quality assessment score
Low quality (score 0-2/6) 13 42,826 Q 12.1 (8.2-17.5) 94.4
Medium quality (score 3-4/6) 91 184,308 <> 17.8 (15.7-20.1) 99.1
High quality (score 5-6/6) 25 83,080 <> 16.8 (10.5-25.8) 99.6
T T T T T T

0 10 20 30 40 50 60
Percent with T2D (%)

Figure4.5: Summary randoreffects meteaanalyses of the percentage of women with gestational diabete
developing type 2 diabetes by stddyel study characteristics.

Diamonds indicate summary percentage with T2D and the 95% confidencalif@jv NA: not
appropriate; NR: not reported.
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Figure4.6: Scatter plots showing the percentage of women developing type 2 diabetes after gestationi
diabetes by average stutbvel (A) yearof eligible pregnancies, (B) percentage who were White Europe:
ethnicity, (C) age at follovup, (D) BMI at followup, and (E) percentage who were nulliparous.

Size of circle indicates weight given to each study (based on number of women followed oplpdstdit
and 95% confidence region (grey shaded area) estimated fromreggtssion.
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Subgroup N studies N participants Percent (95% CI) I
Estimated ethnicity

Majority not White European 55 75,897 <> 22.2 (18.9-26.0) 98.3
Majority White European 74 234,317 <> 13.5(11.4-16.1) 99.5
Average age at delivery

<32 years 56 165,708 <> 189 (152-233)  99.6
>32 years 47 136,871 <> 16.0 (13.6-18.7)  99.1
NR 26 7,635 s 15.0 (12.0-18.7) 93.4
Average age at follow-up

<38 years 56 61,607 < 13.7 (11.4-16.4) 98.3
>38 years 40 162,562 <> 23.7(20.9-26.8) 99.1
NR 33 86,045 G 15.3(9.3-24.2) 99.7
Average pre-pregnancy BMI

<25 kg/m® 14 8,752 Ea— 15.6 (9.8-24.0) 97.9
>25 kg/m? 27 6,152 <> 16.7 (12.8-21.7) 94.9
NR 88 295,310 <:: 17.2 (15.0-19.8) 99.5
Average BMI at follow-up

<25 kg/m? 6 2,072 < 11.5 (6.7-19.0) 92.4
>25 kg/m? 40 10,884 = 16.9 (12.7-22.0)  97.1
NR 83 297,258 <:‘, 17.2 (15.0-19.8) 99.5
Average percentage who were nulliparous at index pregnancy

<35% 17 67,430 <= 19.8 (15.0-25.6) 99.4
>35% 20 56,822 <> 11.3 (8.8-14.4) 98.5
NR 92 185,962 A 17.7 (14.7-21.1) 99.4
Average percentage with family history of diabetes

<50% 24 10,997 Q 18.4 (13.4-24.6) 97.4
>50% 36 8,431 > 19.2 (13.9-25.9) 97.2
NR 69 290,786 <> 15.4(13.1-17.9) 99.6

Figure4.7: Summary randoreffects meteaanalyses of the percentage of women with gestational diabete

T T
10 20 30

T T T
40 50 60

Percent with T2D (%)

developingtype 2 diabetes by studgvel maternal demographic characteristics.

Diamonds indicate summary percentage with T2D and the 95% confidence interval (Cl). BMI: body m

index; NR: not reported.

As indicatedby the P values inFigure4.5 andFigure4.7, heterogeneity was high in subgroup
analyses, withl084 . 0% f or

study

characteri st

CcsS

After adjusting for followup duration and ethnicity in the metegression, the associations

and

with diabetes development from univariable analysis were slightly attenuated for most

chaacteristics Table4.4). Overall, ethnicity, followup duration and BMI at followap had

greatest influence on estimates of T2D development, althe@sglual heterogeneity remained

high in these models. Adjusting for follemp duration, White European populations had 57%

lower percentage developing T2D compared to-Wdnte European populations. Adjusting

for ethnicity, percentage developing T2D was 1RRigherfor each additional year of follow

up after pregnancy. For each unit higher BMI at foHawthe adjusted percentage developing
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T2D was 18% higher (compared to 10% higher for each unit of BMI before pregnancy, which

was notstatisticallysignificart).

Table4.4: Associations of categorical and/or continuous study and maternal characteristics with the in
of type 2 diabetes after gestational diabetes

Univariable Multivariable
N N Odds ratio Odds ratio p
studies women [95% CI] p value [95% CI] value
Study characteristics
Region
Australasia 8 7,081 1 0.51[0.221.18] 0.114 |0.78[0.351.73] 0.541
Europe 61 96,773 | 0.54 [0.340.86] 0.010 |0.95[0.571.57] 0.837
Western Pacific 13 8,416 | 0.77 [0.391.52] 0.444 |0.80[0.411.55] 0.503
North America 29 183,533 | Ref Ref
Middle East and SoutAsia 13 13,327 | 1.24[0.622.46] 0.539 | 1.28[0.6%2.51] 0.467
Africa 1 150 | 1.67[0.2113.28]0.624 |1.66[0.2511.23]0.600
Central and South America 3 2711 3.39[0.9711.83]0.055 |3.51[1.1011.23]0.035
Multiple 1 663 | 0.44 [0.0563.44]0.430 | 0.22[0.03/1.54] 0.125
Average
duration of follow-up (per year)* | 108 226,497 |1.11[1.071.15] <0.001|1.12[1.081.16] <0.001
<3.0 years 38 28,734 | Ref Ref
3.05.9 years 44 152,531|1.19[0.751.89] 0.458 | 1.39[0.912.15] 0.129
6.0/ 8.9 years 22 7,706 | 1.49[0.85/2.60] 0.158 |1.75[1.042.93] 0.035
9.0/ 11.9 years 13 67,167 | 1.91[0.993.70] 0.053 |2.44[1.324.52] 0.005
012.0 years 12 54,076 | 3.58 [1.817.05] <0.001|5.15[2.719.80] <0.001
Method to identify GD
Medical records or seleport 93 303,047 | Ref Ref
Glycaemic test 36 7,167 | 0.79[0.511.21] 0.275 |0.89[0.611.31] 0.561
Sensitivity of GD diagnosis
Clinical 32 248,111 | Ref Ref
Low 34 15,190 | 0.93[0.551.57] 0.787 |0.81[0.501.33] 0.410
High 63 46,913 | 0.63[0.401.00] 0.050 |0.76[0.501.17] 0.212
Method to classify T2D
Medical records or seleport 50 290,678 | Ref Ref
Glycaemic test 79 19,536 | 1.29[0.871.90] 0.202 |1.24[0.871.75] 0.232
Sensitivity of T2D diagnosis
Clinical 26 253,865 | Ref Ref
Low 16 3,715 |1.58[0.793.13] 0.191 |1.37[0.722.61] 0.332
High 87 52,634 | 1.22[0.761.97] 0.410 |1.08[0.691.71] 0.719
Median
year of pregnancy (per year) 119 308,085| 0.97 [0.950.99] 0.011 | 0.98[0.961.00] 0.064
Before 2000 50 71,967 | Ref Ref
During/after2000 69 236,109 | 0.55[0.370.81] 0.003 | 0.68[0.461.00] 0.047
Quality assessment score
Low quality (score 02/6) 13 42,826 | Ref Ref
Medium quality (scorei3}/6) 91 184,308|1.69[0.883.24] 0.116 |1.03[0.561.90] 0.920
High quality (score 56/6) 25 83,080 | 1.60[0.763.38] 0.217 | 1.18[0.592.35] 0.645
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Maternal demographics
Ethnicity
(per 10% White European) 78 139,398 |0.90[0.850.95] <0.001|0.87[0.830.92] <0.001
Estimated rajority not White
European 55 75,897 | Ref Ref
Estimated majority White
European 74 234,317|0.54[0.370.79] 0.001 |0.43[0.300.61] <0.001
Average age at delivery (per yeary 103 302,579 0.91 [0.840.99] 0.022 |0.97 [0.891.05] 0.425
<32 years 56 165,708 | Ref Ref
032 years 47 136,871|0.79[0.501.25] 0.314 |0.94[0.621.43] 0.788
Average
age at followup (per year) 96 224,169|1.09[1.041.14] 0.001 |1.04[0.901.20] 0.592
<38 years 56 61,607 | Ref Ref
038 years 40 162,562 |1.94[1.253.00] 0.003 |1.20[0.702.05] 0.508
Average
pre-pregnancy BMI (per kg/m?) 41 14,904 | 1.04[0.911.18] 0.593 |1.10[0.931.31] 0.566
<25 kg/nt 14 8,752 Ref
025 %g/ m 27 6,152 | 1.08 [0.562.07] 0.811 |1.32[0.622.80] 0.462
Average
BMI at follow -up (per kg/m?) 46 12,956 | 1.25[1.131.39] <0.001|1.18[1.051.34] 0.008
<25 kg/nt 6 2,072 | Ref Ref
025 %g/ m 40 10,884 | 1.57[0.514.83] 0.424 |1.50[0.504.56] 0.462
Average percentage who were
nulliparous at index pregnancy 37 124,25210.99[0.971.01] 0.318 | 0.98[0.96/1.00] 0.061
<35% 17 67,430 | Ref Ref
035% 20 56,822 | 0.51[0.290.91] 0.024 | 0.44[0.240.81] 0.010
Average percentage
with family history of diabetes 60 19,428 |1 1.01 [0.991.03] 0.222 |1.01[0.991.02] 0.313
<50% 24 10,997 | Ref Ref
050 % 36 8,431 1.06[0.581.95] 0.848 |1.18[0.682.04] 0.547

Data were transformed to the logit scale for analyses. Multivariable-neggaession adjusted for whether
the majority of the study population is White European ethnicity and duration of foidw3.0, 3.0i 5.9,
6.0i8.9,90i1 1 . 9, .0years).®reBained high (87i%99.4% in the univariable model; 95.89.2% in
the multivariable model).

* Only adjusted for whether the majority of the study population is White European.

BMI: body mass index; ClI: cdidence interval; ref: reference.

4.4.3.1Sensitivity analyses

| conducted two sensitivity analyses: the first to understand the influence of one study with
long follow-up, and the second to determine whether the overall estimate varied according to

studies meetig each quality assessment question.

Only one study had more than 20 years foliggv Carret al. 2006 reported a high incidence
of 93.4% diagnosed with T2D by 29.9 years after GD pregnancy (n£332) | therefore
investigated how influential thigugly was by comparing the original analyses to those when

it was excluded.
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In the adjusted meteegression, when ) Al sudis
Carr et al. 2006 was excluded, the 21
odds ratio for percentage developing

T2D for each additional year ofgs

D (%)
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95.6%) versus 1.18 (95% Cl 1.05 tdzlgure48 Scatter plots showing the percentage of womer
developing type 2 diabetes after gestational diabetes by

1.34, p=0.008, 2] 96. 2%) in the average study followp duration (A) with and (B) without
Carret al.2006.
original analysis.

Additionally, | compared the scatter plots showing the percentage of women devélaping
after GD by average study folleup duration with and without Caet al. 2006 Figure4.8).
Below 15 years followup, minimal influence of this gty can be seen. At 15 years, the graph
including Carret al. has approximately 5% higher percentage with T2D. At 20 years

postpartum, this difference is approximately 8%.

| therefore concluded that Caet al. had a small influence on this analysis, matarly after

15 years postpartum.

Furthermore, although | found that most studies were medium quality in the quality assessment,

| sought to investigate whether quality in each domain assessed affected the effect estimates.
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Table4.5 shows the effect of each question for the overall estimate and the adjusted meta
regression. As can be seen by the overlapping confidence intervals, there wsigmifitant
difference between the subgroypsth anexception in the exposure assessmamt) estimates

of risk only changed slightly in the sensitivity analyses compared to the original analysis, which

increases our confidence in the findings.

Table4.5: Sensitivity analysis of overall crude percentage of women géttational diabetedeveloping
type 2 diabeteaccording to each quality assessment domain.

Odds ratio for incidence
N Overall percentage with N per year follow-up*
studies T2D [95% CI] studies [95% CI]

All studies 129 16.96 [15.1019.00] 108 1.12[1.081.16]
1. Was the cohort recruited in an acceptable way?

Yes 77 16.85[14.2819.78] 61 1.10[1.04i 1.17]

No 52 16.98 [13.9220.54] 46 1.13[1.07 1.19]
2. Was GDexposure accurately measured to minimise bias?

Yes 105 15.83[13.3918.64] 87 1.11[1.06'1.17]

No 24 22.86 [19.2826.87] 20 1.13[1.04i 1.22]
3. Was it demonstrated that T2D was not present at start of study?

Yes 68 16.72[13.9919.86] 55 1.12[1.06'1.17]

No 61 17.41 [14.9820.14] 52 1.13[1.051.21]
4. Was T2D accurately measured to minimise bias?

Yes 78 17.59 [14.4621.23] 69 1.14[1.09 1.20]

No 51 15.78 [13.1718.79] 38 1.06[0.99 1.14]
5. Was the followup long enoughfor T2D to occur?

Yes 75 18.87 [16.0922.00] 62 1.14[1.08 1.20]

No 54 14.47 [12.1017.22] 45 1.36[1.08 1.71]
6. Was the followup adequate?

Yes 66 16.62 [14.1819.40] 52 1.10[1.05 1.16]

No 63 17.17 [14.0620.80] 55 1.14[1.07 1.22]

Table3.2 shows for full definitions and scoring of quality assessment criteria.
* Adjusted for ethnicity.

95% CI: 95% confidence interval.

4.4.4 Relativeincidence of type 2 diabetes after gestational diabetes

Women who had GD were 8.3 (95% CI 6.5 to 10.6) times more likely to develop T2D than

women with normoglycaemic pregnanciesshewn inFigure4.9 (unadjustedelative risk).

The relative risk by subgroups alown inTable4.6. Relativerisk was particularly high in
studies in Europe (16.1 [95% CI 12.4 to 21.0]) compared to studies in other regions, and in
mainly White European populations (11.2 [95% CI 9.0 to 13.9]) compared taVhde
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European populations. Relative risk was highefofe six years postpartum (15.8 [95% CI
12.6 to 19.9]), and in studies using clinical diagnosis of T2D (16.5 [95% CI 12.9 to 21.2]).

Relative risk tended not to vary with other stdedyel maternal characteristics (measured in
women with GD), except by Ml before pregnancy. In studies in which the average pre
pregnancy BMI was less than 25 kd/ithe relative risk was comparatively low (2.1 [95% CI
1.4 to 3.4]).

When three lowquality studies reporting very high relative risks were excluded, the overall
relative risk remained at 8.99% CI16.3 to 10.3).

Thirteen studies reported adjusted relative analyses (odds ratios, relative risks, hazard ratios or
incidence rate ratios). A history of GD statistically significantly increased T2D risk in all cases,
but the magnitude of increase was highly variable. In five studies, the pooled adjusted odds
ratio was 8.1 (95% CI 3.0 to 22.1), and ranged from 2.2 (95% CI 1.5 to 3.1; adjusted for age,
BMI and family history of diabetegp26)to 52.5 (95% CI 26.5 to 103.9; adjusted for age at
delivery)(227). Engelancet al.2011 reported an adjusted relative risk of 41 (95% CI 35 to 47;
adjusted for maternal age and parity in women with GD but not preeclanip2&)and
Sreelakshmiet al. 2015 reported an adjusted relative risk of 13.2 (95% CI 1.5 to 116.0;
variables adjusted for uncledB29) Five studes reported adjusted hazard ratios but two did

not report theconfidence intervalso could not be pooled. In the remaining three studies, the
pooled adjusted hazard ratio was 14.2 (95% CI 6.6 to 30.4), and ranged from 5.36 in Canadian
First Nation womerfvariables adjusted for uncleg®30)to 40.1 in overweight women (95%

Cl 34.4 to 46.6; adjusted for adjusting for maternal age, preeclampsia, parity, smoking status
during pregnancy, ethnicity, socioeconomic status and GD in a subsequent pre@2ahcy)

Daly et al.2018 reported an adjusted incidence rate ctit?2.0 (95% CI 18.3 t86.3; adjusted

for age, Townsend quintile, BMI and smoking sta{i$)3)
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4.4 Results

Study T2D/GD T2D/no GD  Relative risk (95% CI) % weight
Lee 2007 A <& 405/5,470 16/783 3.6 (2.2-5.9) 3.13
Dornhorst 1990 A ° < 16/51 0/23 15.2(1.0-243.5) 0.63
Lauenborg 2004 A ° . 171/481 30/910 10.8 (7.4-15.6) 331
Hanson 1996 A® . 2 3/97 0/23 1.7(0.1-32.1) 0.57
Shen 2016 L 4,094/11,895  17,316/392,484 7.8 (1.6-8.0) 3.60
Jarveld 2006 A® < 23/435 0/435 47.0 (2.9-771.3) 0.62
Pirkola 2010 A® ¢ 21/124 68/6,359 15.8 (10.0-25.0) 3.19
Lee 1994 Ao < 18/193 3/58 1.8 (0.6-5.9) 1.92
Albareda 2003 A® . 2 39/696 0/70 8.0(0.5-129.5) 0.62
Tjas 2013 A ° <> 40/61 3/55 12.0 (3.9-36.7) 2.03
Gabaldi Silva 2003 —— 56/159 24/370 5.4(3.5-8.4) 321
Huopio 2014 A® <> 28/489 1/385 22.0 (3.0-161.3) 1.04
Corrado 2007 Ao 6/58 1/56 5.8 (0.7-46.6) 0.98
Bond 2017 A O® ® 6,147/34,686  472/34,686 13.0 (11.9-14.3) 3.58
Wang 2012 A ° ® 327/1,142  1,067/18,856 5.1 (4.5-5.6) 3.57
Daly 2018 A ° < 895/9,118 142/37,281 25.8 (21.6-30.7) 3.53
Carr 2006 A® L 2 310/332 419/662 1.5 (1.4-1.6) 3.59
Wender-Ozegowska 200 A L < 86/153 2/155 43.6 (10.9-173.9) 1.65
Retnakaran 2017 Ao ® 15,585/56,884  49,397/1,458,195 8.1 (8.0-8.2) 3.60
Anderberg 2012 <> 180/579 13/1,131 27.0 (15.5-47.1) 3.02
Chodick 2010 Ao o 1,067/11,270  1,125/174,146  14.7(13.5-15.9) 3.58
Aroda 2015 Ao > 4 65/100 212/424 13 (L1-15) 3.53
Rawal 2018 A0 ¢ 183/607 9/619 20.7 (10.7-40.1) 2.84
Bo 2006 A® < 16/182 4/161 3.5(1.2-10.4) 2.10
Barden 2013 A0 L 20/112 0/48 17.8 (1.1-288.1) 0.62
Hummel 2013 A—O <> 8/102 0/15 2.6(0.2-43.6) 0.61
Minooee 2017 A9 - 49/476 93/1,982 22(1.6-3.1) 3.37
Gobl 2011 < 23/110 0/41 17.8 (1.1-286.2) 0.62
Kaul 2015 A ° ® 1,882/8,731  3,196/231,352  15.6 (14.8-16.4) 3.59
Akinci 2011 A ° . 2 27/195 0/71 202 (1.2-326.9) 0.62
Pintaudi 2015 A ° & 773/3,851 128/11,553 18.1 (15.1-21.8) 3.52
Moleda 2016 A® . 13/199 0/50 6.9 (0.4-113.9) 0.61
Han 2018 A9 ® 47004970 5,147/97,930 1.8 (1.6-2.0) 3.58
Engeland 2011 A ° L 308/2,198 899/224,634  35.0 (31.0-39.6) 3.56
Herath 2017 A ® ¢ 73/119 14/240 10.5(6.2-17.8) 3.07
Sreelakshmi 2015 <> 6/60 1/120 12.0(1.5-974) 0.97
Goueslard 2016 ® 1,266/62,958  1,674/1,452,429  17.4(16.2-18.8) 3.59
Nocter 2016 A® 0 6/270 0/388 18.7 (1.1-329.9) 0.59
Persson 2015 A ° L 2 19/107 0/333 120.6 (7.3-1980.9) 0.62
Mai 2015 A ° L 2 24/453 01,180 127.5 (7.8-2091.6) 0.62
Gar 2018 A ° & 6/192 0/93 6.3 (0.4-111.2) 0.59
Lowe 2018 A® -9 71/663 63/3,946 6.7 (4.8-9.3) 3.37

dasinghe 2018 A . 11/59 3/57 3.5(1.0-12.0) 1.87
Kramer 2014 A & 51105 3172 2.7(0.7-11.2) 1.61
Vambergue 2008 A—O <> 53/295 12/286 43(2.3-7.8) 2.93

(Overall I'=99.3%, T T T T T
p<0.001) 0 5 10 10 100
@ Women with GDM Reduced risk  Increased risk
A Controls of T2D of T2D
Annualised incidence rate Crude relative risk

Figure4.9: The crude relative risk of type 2 diabetes after gestational diabetes compared to pregnanci
affected by gestational diabetes.

Annualised incidence rates anet presented for studies that did not report an average fallpwuration.
Grey diamonds represent the crude relative risk for each study; horizontal lines indicate 95% confider
intervals (Cls). Pale grey squares indicate the weight given to each Stwtlies are ordered by date of
pregnancy.
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Table4.6: Relative risk otype 2 diabeteaftergestational diabetdsy studylevel study and maternal

characteristics.

N women N women Relative risk
N studies with GD  without GD [95% CI] Weight| 12

Study characteristics
Region

Australasia 2 5,582 831 4.4[1.6i124] 3.8 |19.6%

Europe 25 83,608 1,737,556 | 16.1[12.4i210] | 44.0 |856%

North America 8 113,875 2,136,831 5.2[3.417.8] 26.7 {99.8%

Western Pacific 3 5,616 99,168 3.7[0.9115.9] 6.1 | 788%

Middle East and South Asia 5 11,984 176,545 6.6 [2.2i 19.5] 129 [96.9%

Central and South America 1 159 370 5.4[3.518.4] 32 | NA

Multiple 1 663 3,946 6.7 [4.819.3] 34 | NA
Duration of follow -up

<3.0 years 7 15,622 39,902 11.0[3.4135.1] 11.3 [90.9%

3.0i5.9 years 11 90,062 2,095,181 | 182[14.4i231] | 226 [94.1%

6.0/ 8.9 years 12 3,714 20,493 5.41[3.87.7] 199 |424%

9.0/ 11.9 years 7 63,808 1,562,400 8.4 3.8/ 185] 20.6 {99.5%

012.0 years 8 48,281 437,271 5.8[2.6i12.8] 25.7 {99.8%
Method to identify GD

Medical records or seleport 33 218,569 4,143,693 8.6 [6.61 11.3] 82.8 |99.5%

Glycaemic test 12 2,918 11,554 7.0[4.41112] 172 |47.8%
Sensitivity of GD diagnosis

Clinical 15 184,364 3,700,025 8.6[5.8/12.8] 394 [(99.7%

Low 11 3,042 11,372 6.8 [3.71125] 25.8 [90.1%

High 19 34,081 443,850 9.0[6.4112.8] 34.8 [95.8%
Method to classify T2D

Medical records or seteport 18 214,597 4,142,947 | 11.8[9.2i15.1] 539 |99.5%

Glycaemic test 27 6,890 12,300 6.3[3.61 11.0] 46.1 |96.6%
Sensitivity of T2D diagnosis

Clinical 13 191,626 3,850,992 | 16.5[12.9i1212] | 37.0 |99.3%

Low 3 341 104 2.6[0.819.0] 3.1 |151%

High 29 29,520 304,151 6.3[3.9110.2] 599 |98.9%
Median year of pregnancy

Before 2000 22 58,102 458,753 7.5[4.6112.3] 494 199.4%

During/after 2000 20 162,509 3,694,054 | 121[8.2i17.6] 42.7 199.4%

NR 3 876 2,440 28[1.714.7] 79 |47.1%
Quality assessment score

Low quality (score 02/6) 3 437 841 24.915.911059] 22 | 0.0%

Medium quality(score 34/6) 31 143,193 2,432,843 7.8[5.91104] 73.0 |99.4%

High quality (score 66/6) 11 77,857 1,721,563 8.9[5.0i 15.7] 24.9 |99.1%
Maternal demographics
Ethnicity (estimated)

Majority not White Europeatr 13 19,947 299,570 5.1[2.619.9] 334 [995%

Majority White European 32 201,540 3,855,677 | 11.2[9.0i13.9] 66.7 |98.7%
Average age at delivery

<32 years 22 137,766 2,252,083 7.0[4.5110.7] 57.7 |99.6%

032 years 15 81,904 1,899,964 | 123[7.7i19.6] 285 |98.4%

NR 8 1,817 3,200 8.9[3.91 20.5] 139 |80.5%
Average age at followup

<38 years 18 33,923 528,493 11.0[6.9117.7] 338 [97.9%

038 years 18 111,004 1,778,682 6.6 [4.01 10.8] 458 99.6%

NR 9 76,560 1,848,072 9.4[5.8/ 15.2] 204 (98.2%
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Average pre-pregnancy BMI
<25 kg/nt 4 6,047 98,211 2.1[1.413.4] 6.9 |15.4%
025 %g/ m 9 1,891 8,730 14.1[9.1i21.8] 169 [47.2%
NR 32 213,549 4,048,306 8.1[6.2i 10.6] 76.2 {99.4%
Average BMI at follow-up
<25 kg/nt 3 949 248 4.0 [1.1i 15.0] 35 |325%
025 %g/ m 14 4,372 9,898 6.7 [3.21 14.0] 274 |97.9%
NR 28 216,166 4,145,101 | 10.2[8.2112.8] 69.1 [99.2%
Average percentage who were nulliparous at index pregnancy
<35% 6 23,515 567,095 9.7 [6.01 15.6] 137 |97.6%
035% 9 43,540 156,825 6.4 [2.91 14.4] 22.3 |99.3%
NR 30 154,432 3,431,327 9.2 [6.3i 135] 64.0 |99.4%
Average percentage with family history of diabetes
<50% 10 7,325 4,388 7.9[3.7116.9] 183 [86.1%
050 % 8 2,777 5712 6.7 [2.1121.3] 121 |95.3%
NR 27 211,385 4,145,147 95[7.51121] 69.6 [99.3%

NA: not appropriate; NR: not reported.

4.5 Discussion

These findings show that progression to T2D after GD is both common and highly variable,
and while therelative risk is highest soon after pregnancy, the number of women diagnosed
with T2D continues to increase in a ndiaear and clinically important wayver time Women

with GD thereforéhave acomparable or highaverall relativerisk of T2D when compeed to
women who did not have GD in pregnartbgnpeoplewith IGT or IFG when compared to

the normoglycaemicpopulation (232). Although having lower relative risk, néihite
European women have high rates of progressiong agdnen who are older and overweight

at follow-up. Nonetheless, many of the differences between populations and studies remain

unexplained.

| report considerable heterogeneity in the reetalysis, which | investigated through stratified
analyses and studgvel metaregression. The heterogeneity, measured using tiatlstic,

did not improve in the multivariable metagression, indicating that many of the differences
between populations and studies were not accounted for. This may be due to vargitidy i
design or exposure/outcome assessment that | did not adjust for, or due to diversity within the
GD population. A proportion of the heterogeneity may be explained by variables that were
measured in just a few studies, and some may remain unmeasurgdhown. Buchanan and

Xiang describe different GD phenotypes (autoimmune, monogenic and chronic insulin
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resistance) that are not currently assessed in GD diag(®si# is possible that these

phenotypes have different associations with development of diabetes postpartum.

Nonetheless, my findings support sustained T2D screening after GD; | did not identify a time
after GD for which screening might become less clinically useful. However, lowtéong
attendance is often reported in routine pradtiek,148) including in the UK153 155) Non

White European and overweight women developed T2D at higher rates therefore shorter
screening intervals for these populations may be considered appropriate. Further research
should be done to improve precision of risk stratification and deterdmnelinical benefit,

costeffectiveness and acceptabilitydifferentstratified screening strategies.

Moreover, consistent with T2D risk factors in the general population, women with high BMI

at follow-up had highethanaverage progression to and relatrisk of T2D. The authors of

the DPP suggested that participants with GD did not reduce their risk because they lost less
weight than comparable higisk women (who had had normoglycaemic pregnan¢iesy)

Other evidence suggests that dietary and physical activity guidelines are not adhered to after
GD (233), therefore development of effective strategies to help women to manage weight in

order to reduce T2D risk is important.

4.5.1 Comparison to existing literature

Following publication of the protocol for my review, Vounzoulekal.reported the incidence

of T2D after GD in 20 studies (published from 2000 to 20A2)1) This study found that
cumulative T2D incidence was higher, but not statistically significantly higher, in mixed
ethnicity and nofWhite populations than in White populations (up to 16.5% [95% CI 16.2 to
16.8%]), and was higher in longer studyiédw-up categories. However, of note, they found
that effect size was not significantly associated with mean study age, BMI, publication year or
length of followup in the univariable met@gression analyses and suggested this was due to

a lack of powerMy larger study meant that | was able to examine potential associations
between these variables and others, concluding that ethnicity, time since pregnancy and BMI

at follow-up were associated with diabetes risk in a multivariable analysis.

Prior to Vounpulaki et al. (121), Kim et al. conducted an influential literature review of the
cumulative incidence of T2D after GD in 2002 using similar inclusion criteria to (@Be

Adjusting for retention, they reported that cumulative incidence increased most quickly during
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the firstfive years postpartum, plateauing after ten years. Just one study with more than 11
years followup was included. This is inconsistent with the findings of individual studies, such
as Leeet al.and Albaredat al.(234,235)as well as Vounzoulakit al.(121). | have reported

a more constant increase in the crude proportion developing T2D over time, including 12
studies with more than 11 years follap in the metaegression, which supports sustained
follow-up efforts. They discusotwv different exclusion criteria, particularly including women

with symptomatic diabetes in the GD cohorts, might increase T2D diagnoses soon after
pregnancy, whereas | included more studies after the immediate postpartum period. They also
reported that woen with GD progressed to T2D at similar rates independent of ethnicity. In
contrast, | found that White European women were less likely to progress than women from

other ethnic groups.

My relative risk estimate of 8.3 (95% CI1 6.5 to 10.6) is based on stodées and participants

(45 studies and 4,376,734 women in total) than previous recent reviews, hence is more precise
but highly comparable. Bellanst al.reported a relative riséf 7.4 (95% CIl 4.8 to 11.5) in 20
studies published up to 2009 includingbt455 womet(98); Songet al.reported a relative risk

of 7.8 (95% CI1 5.1 to 11.8) in 30 studies published up to 2017 including 2,626,905 women,
alongside an adjusted odd ratio of 17.9 (95% CI 17.0 to {B2@), Vounzoulakiet al.reported

a relative risk of 9.5 (95% CI 7.1 to 12.7) in 20 studies published between 2000 and 2019
including 1,332,373 wome121) These data suggest that relative risk may be increasing over
time, although again this may be explained by other factors such as changes in diagnostic
thresholds| observed similar trends assubgroups. Unlike these previous reviews, | also
considered parity and family history of diabetes but they did not convincingly affect relative

risk.

4.5.2 Strengths and limitations

This metaanalysis is larger than previous ones, in part, because | digstiott study methods,
language or publication year, which enabled me to report a percentage estimate of T2D risk in
a large number of women with GD. This increased the analysis power and consequently the
opportunity for stratified and multivariable anség to explore heterogeneity. Furthermore, |
report longer followup than previous reviews by including new studies and updates of studies

already published. Most of the studies | included hatediumoverall risk of bias in relation
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to T2D outcomes (1320 [10%] were low quality) and overall estimates of risk only changed

slightly in the sensitivity analyses, which increases my confidence in the findings.

There are differing views on the relative m
studiesin a systematic review. Previous studies have reported T2D risk after GD through a
narrative synthesis (e.g. Zhu and Zhang 2@88) as well as a metanalysis (e.g. Yunzoulaki

et al.(121) | judged that by identifying, synthesising and then pooling all the evidence, | could
explore heterogeneity and improve understanding of the topic morevthad be possible

through a narrative review. Using metgression, | quantified the extent to which a diagnosis

of T2D was associated with the values of one or more explanatory variables. It was not possible

to adjust for all study characteristics tHere | adjusted for ethnicity and follewp duration

in the metaregression. When interpreting the findings, | did not report one overall estimate
without describingthe range of estimates. Randefifiect analyses were used to allow for

differences in theféect estimate between studig36).

One source of heterogeneity can be attributed to the inclusion of any type of study design, and
prospective and retrospective studies. | included all study designs because all of the studies
assessed GD exposure at baseline (i.e. diagnosed during pregnaiffitey pregnancy based

on blood samples that were collected during pregnancy). Foipothen began at the time of
delivery and the duration of followp was defined from that date of delivery to assessment of
T2D status, therefore cohorts are represgnm this sense. Some studies were described as
crosssectional studies but in these studies the cohorts were still defined retrospectively.
Retrospective and prospective designs have different strengths and weaknesses, and subgroups
were based on thestrébutes rather than the design. A retrospective study including all women
with GD and remeasuring the majority will be less biased in some ways than a prospective
study with high loss to follovup. In the quality assessment, retrospective studies Suigpdgl

on questioné (completeness of followp) but not orguestion and 4 (assessment of GD or

T2D status) if they used medical records or-sgtiort. Conversely, prospéa studies scored

a point for questiol® (completeness of followp) less fregently. Incidence estimates did not
clearly vary by study quality according to the quality domains assessed in this study and
previous reviews have not reported significant differences in risk by prospective/retrospective
study desigr{98,121)
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Across all of the studies, there may be a difference in outcomes between those that recruited
women with GD during pregnancy and those that recruited postpartum. Thamsean
unexplored source of heterogeneity. Excluding women who progressed early (such as before
eight or 13 weeks postpartum) or nevemiteed from the baseline cohoaind therefore
probably had diabetes in pregnancy rather than GD) would enable acoorate estimate of

the true incidence of T2D after GD, whereas identifying T2D diagnoses after any pregnancy
during which the mother is diagnosed with GD is perhaps more relevant to clinical practice. |
have taken this second approach in the main analysisever, excluding studies that did not
attempt to exclude prexisting/previously undiagnosed T2D from the GD cohort did not

significantly affect the overall incidence estimate.

| only used studyevel data Individual patient data metnalysis mighthave improved
confidence in the findings, but the significant additional work in obtaining individual data from
129 studies is unlikely to be feasible or to add sufficient value and policy impact to be
justifiable. The use ofrude subgroups reduced acaytaFor example, diagnostic sensitivity

was grouped as clinical, low or high rather than by specific criteria because numerous different
criteria were used. Although | investigated incidence by 15 characteristics, some characteristics
that may have expla@d heterogeneity were not available or not reported in a usable way for
all studies. For example, few studies reported data on socioeconomic status or other T2D risk
factors (e.g. gestational age at onset of GD, or breastfeeding). Breastfeeding may help to
prevent T2D after GD, although Rayanagouetal. did not find a significant association
(126,213) In the relative risk analyses, subgroups were developed according to characteristics

of women with GD only and adjusted analyses were limited.

Studies also varietly quality, as noted above, which may have influenced the analyses. In
particular, a frequently observed weakness was poor percentage of the study population
followed up. Previous studies report that women with fewer diabetes risk factors are more
likely to receive followup than women with more risk facto{¥48), therefore I may have
underestimatethe percentage developing T2D because those #&ebtgisk were not tested

and T2D remained undiagnosed. However, | did not observe large differences in the estimates
when only high quality studies were included according to each criteria examinecpwsthe
hocsensitivityanalysis Table4.5). Also, the relative risk of T2D was much higher in studies

of women with clinical, as opposed to biochemical, T2D diagndSksical diagnoses are
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made as part of routine medical care wiveoenen presenting witduspectethyperglycaemia
are testedThis leads to a higher proportion diagnosed with T2D compared to wivhnla

cohortis recalled for a biochemical assessment.

Most of the included studies had short folloyw therefore many of theomen may have been

yet to develop T2D at the time of assessment. In part because | included the timepoint of studies
with the most persoegears followup, Carret al. was the only study where | reported the
outcome amore tharR0 years followup (225) This study was not representative of the general

GD population because all of the participants had diabetes Hdéigsee relatives, and inflated

the estimate after 15 years postpartum. Furthermore, different factors may have confounded
associationsvith T2D risk. For example, older studies tend to use lower sensitivity diagnostic
criteria and include women with higher glucose levels than would be the case with current
criteria, therefore more of the cohort are likely to develop T2D. These studi¢sradsto have

longer followup, also increasing risk of developing T2D. The association between fatow
duration and development of T2D may also reflect, in part, the change in diagnostic criteria
with time. Studies with longer and complete folloyy ae needed in order to accurately

describe progression to T2D.

Risk of diabetes may also be influenced by whether studies distinguished between diabetes in
pregnancy and GD, for example by recruiting women whose immediate postpartum tests were
normal. Howeer, excluding studies that did not attempt to excludeegrgting/previously
undiagnosed T2 from the GD cohort did not significantly affect the overall incidence estimate
(Table 4.5). Furthermore excluding the three studies that were part of a postpartum
intervention(152,164,237yid not influence the findings.

4.6 Summary

In this review, | have described and explored development of T2D after GD. The findings
strengthen thevidencefor T2D risk to remain on the agenda of affected women and the
clinicians who care for them (akin to glucose intolerance disorders). Unlike previous research
that suggested risk plateaued over time since pregnancy, the results show that the number of
women diagnoskwith T2D increases each year and underline the need for continued blood

glucose monitoring over time. This is in line with current guidelines but is not implemented
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4.6 Summary

systematically, thus should be promoted as discussed in the following chapters. Also, the
association | reported between BMI and T2D, which iaispreviously beerhighlighted
emphasisedhe need for effective weight management strategies that are appropriate to the
needs of women with a history of GD. | describe challenges to healthy clsrmiess these,

and approaches to overcome them, in Chapters 7 and 8.
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Chapter S Factors associated with postpartum
diabetes screening after gestational diabetes

In order to understand attendance at postpartum screening in a local setting, | conducted an
analysis of testing uptake among women diagnosed with GD at the Rosie Hospital, Cambridge
University Hospitals NHS Foundation Trust. In this chapter, | descréeatjuency of glucose
testing attendance up to one year postpartum, as well as personal and generafgiatetice
factors associated with attendance. Understanding current trends in attendance will be useful

for targetinginterventionsandinforming changes taareprotocols to improve uptake.

5.1 Background

National and international guidelines recommend that women with GD are screened for
glucose abnormalities at six to 13 weeks postpaftu@). According to the result of the test,

women not diagnosed with T2D should be offered support for behaviour change or drug
therapies to reduce their risk while in those women in whom T2D is diagnosed, it can be

managedn a timely wayto reduce exposure to hyperglycaemia.

Despite small increases in attendance over tipgke of postpartunteeening haremained
suboptimal, often at less than 5085 148) Attendance in the UK is poorly reported,
particularly using hospital records where early screening often takes place. Women who are at
higher diabetes risk tend to be less likely to attéadexamplethose with higher parity and

lower socbeconomic statusHowever,older age, Asian ethnicity and use of insulin during
pregnancy haveall been associated with higher attendance rdfet3) Inconsistent
associations between predictors of attendance in multiple different healthcare settings have
been reportell48) In particular, asociations betweageneral practicéactorsand attendance

at postpartum screenifgd not been investigated in the UK.
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A better understanding of the factors that influence attendance for postpartum testing could
inform the adjustment of procedures to rease uptake, and therefore potentially improve

w0 me n 0-ermlowtaorges.

5.2 Aim

| aimed to describe the frequency of and factors associated with postpartum testing in women
with GD. In addition to personal and pregnancy characteristics, | assessed \fdsdtires of
their general practice, where women are seen at six weeks for postpartum orereks,

associated witlikelihood of testing.

5.3 Methods

The complete methods for this analysis are described in detail in Chapter 3.2. The data were
provided by Caterine Aiken. Catherine Aiken and Claire Meek provided information about
GD management at the Rosie Hospital. Juliet USmeith and Matthew Barclay provided
statistical advice.

5.3.1 Cohort

| examined postpartum diabetes screening up to one year after prega@eynbridge
University Hospitals NHS Foundation Trust between October 2014 and MarchT2id was
a secondary analysis oththat had beeextracted from electronic medical records. | used an

OGTT or HbA test result as a proxy for attendance dirigs

5.3.2 Statistical analysis

| used STATA 15.1 to run univariable and multivariable 4exel mixedeffects logistic
regression analyses to identify factors associated with the odds of diabetes screening. The
multivariable analyses were adjusted for vaeabthat werestatistically significant in the

univariable analysis or | had stroagpriori rationale to includeas reporteth Table5.1.
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Table5.1: Explanation of the variables included in the multivariable logistic regression analysis of atter
at diabetes screening afg@stational diabetes.

Variable Justification

Maternal age A key potential confounder, although not significant in the univariable analysis
Maternal deprivation | A key potential confounder, although not significant in the univariabdysis.
(IMD decile)
Parity Significant in the univariable analysis and has previously been found to be
associated with T2D risk.

Prepregnancy BMI Significant in the univariable analysis and has been found to be associated wi
T2D risk (I did not also adjust faveight, which was significant but BMI is a bette
measure of overweight).
Birthweight zscore Used as an indirect measure of a difficult delivery (women with more medicali
deliveries would take longer to physically recover and might struggle to dkttesel
sorts of norurgent appointments), although not significant in the univariable
analysis.

Medication (insulin Insulin use has previously been found to be associated with attendance, plus
and/or metformin) at | measure of diseaseverity and medicalisation of pregnancy), although not

36 weeks gestation | significant in the univariable analysis.

First OGTT before 22| May be considered a proxy for previous GD because these patients will be off
weeks gestation an OGTT soon after booking at 12 to\ldeks gestation, whereas higsk and
symptomatic women were offered testing at 24 weeks gestation (22 weeks ge
was selected as the enff because this was the lowest point between two peakg
suggestive of the above groups, when a histogram eftinfirst OGTT was

plotted).
FPG at diagnosis Significant in the univariable analysis.
Percentage Significant in the univariable analysis (a measure of patient satisfaction with th
recommending their | GP practice).
practice
Percentage with a foo| Significant in the univariable analysis (a measure of the comprehensiveness g
examination diabetes management in their GP practice).

BMI: body mass index; FPG: fasting plasma glucose; GP: general practice; IMD: index of multiple
deprivation; OGTT: oral gluose tolerance test.

5.4 Results

5.4.1 Participants and general practices

We identified 556 women with GD, defined according to the modified IADPSG criteria (17)
used at théospital during the study period. Characteristics of the included women and their
generalpractices are summarised Table 5.2. Average (nedian [interquartile range, 1IQR]
maternal age at delivery w&#.0 (30.2to 37.8) years andleprivation was lower than the
average for the UKOn average, the patients were overweight before pregnancy. Forty one
percent had a caesarean delivery. By 36 weeks gestation, half of the participants controlled GD
using medication: 156 participants used insulity 089 participants used metformin only, and

68 participants used both insulin and metformin.
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Tableb.2: Characteristics of women with a history of gestational diabetes and their general practices.

N | Median[IQR] or n (%)

Personal and pregnhancy characteristics

Maternal age (years) 553 34.0[30.237.8]

IMD decile* (1, most deprivedto 10 532 761 9]

Parity 553 1[0i1]

Prepregnancy weight (kg) 430 73.0[62.090.9

Prepregnancy BMKkg/m?) 429 274[23.71333]

Preterm birth (less than 37 weeks) 482 40 (8.3)

Gestational weight gain (kg) 366 9.1[5.2i135]

Caesarean delivery 489 199 (40.7)

Baby weight (g)

Boy 262 | 3,262.5P,969.9 3,6401]
Girl 229 | 3,2299[2,939.9 3,504.9]
Median birthweight zscore 481 0.3[-0.31.0]

GD diagnosis
First OGTT before 22 weeks gestation 555 54 (9.7)
FPGat diagnosis (mmol/l) 554 48[4.35.3]
120 min plasma glucose at diagnosis (mmol/l) 555 7.3[6.38.6]
HbA:. at diagnosis (mmol/mpl 497 35 [33139]

GD treatmenby or at 36 weeks gestation 556 293 (52.7)
Insulin 556 224 (40.3)
Metformin 556 137 (24.6)

Postnatal glucose testing
Postnatal OGTT or HbA (any test) 556 415 (74.6)
Postnatal OGTT+HbA1o) 415 372 (89.6)
Postnatal HbA (tOGTT) 415 150 (36.1)
Time of postnatal OGTT (weeks) 370 6.4 [6.007.3]

Practice characteristics and performancen the preceding 12 to 15 month%s

Number of registered patients 93 10,593[7,607 14,333

Practice IMD score(range 3 to 66most depiwed) 93 10.8[8.715.1]

Total QOF score 93 98.1[96.999.8]

Percentage recommending practice 93 81.9[76.186.5]

Percentage with HbAblood test 86 96.7 [95.597.1]

Percentage with fo@xaminatiof 93 86.0[81.189.0]

Percentage with HbA <59 mmol/mol(7.5%) 93 61.6 [58.764.6]

Percentage referred to education progratnme 93 75 [60.5 83.3]

Median andIQR presented for continuous variables; n and percentage presented for categorical variak

1IMD is weighted and considers income, employment, education, skills and training, health and disab
and living environment deprivation, crime, and barrierqitusing and service$SeeTable 3.4and
https://fingertips.phe.org.uk/profile/generptactice for full definitions® Percentage ofliabetic patients with
measure.

IMD: Index of Multiple DeprivationlQR: interquartile rangeN/n: number oparticipants QOF: Quality and
Outcomes Framework

Thewomen with GDwere registered at 93 different general practices, with an average total
QOF score 098.1(96.9t0 99.8 out of 10Q indicating high performanc@ractice deprivation
scorewas lower tlan the average for the UK (the UK average was 2408)). Eighty two
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percentof all patients registered across the 93 practweesld recommend thepractice. In
terms of diabetes car87% of diabetic patients across the practices had had an:-Hndd
testand62% had HbA. controlled at less tha®® mmol/mol (7.5%).

5.4.2 Uptake of postpartum testing

Four hundred and fifteen participants (74.6%) badergone postpartum test: 265 (63.9%)
were tested by OGTT alone, 43 (10.4%) by Hésone and 107 (25.8%) had both tests within
one year of deliveryHigure5.1). None of the participants had a single FPG test documented

in the medical record.

OGTTs were performedt 6.4 (6.0to 7.3) weeks
after delivery (range 0.5 to 26.4 weeks), and the

time of HbAy tests wasot reported separately.

Two hundred and ninety four OGTTs were recordd  OGTT only

i . 64%
within the recommendedsix to 13 weeks
postpartum window: 70.8% of all of the postpartum
tests performed and 53.2% of all eligible

pregnancies.

Figure5.1: Type of test usetbr diabetes
Six patients (1.4%) were diagnosed with T2D andsareening afterestational diabetes this
cohort
further nine (2.2%) met the criteria for IGT at the

postpartum test.

5.4.3 Characteristics associated with attendance

The associations between personal or practice characteristics and odds of completing a diabetes
screening test arghown inTable5.3. Appendix6 showsthese associations for OGTTs and

HbA:. tests separately.

In the univariable analyses, higher parity,-pregnancy weight, prpregnancy BN, and FPG

at GD diagnosis were associated with lower odds of testing at each practice. The percentage of
the total population registered at the practice who would recommend the practice (patient
satisfaction) and the percentage of those with diabetesvirege foot examination were
positively associated with higher odds of testing.
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In the multivariable analysis, greater parity was associated with a third lower odds of testing
(odds ratio 0.68, 95% CI 0.53 to 0.8Qompared to women whose GD was noatied with
medication, wvmenwho received insulin and/or metformin treatment were more than twice as
likely to undergo testing (odds ratio 2.35, 95% CI 1.22 to 4.55). Some variables associated with
higher risk of diabetes, such as higherpregnancy BMI ad FPG, were also associated with
lower odds of testing but not statistically significantly. Higher patient satisfaction was
associated with higher odds of testing (odds ratio 1.04, 95% CI 1.01 to 1.07 per percentage of

patients recommending the practice).

Similar associations were seen when testing by OGTT was consalerexl Appendix 6),

although no practiceelated variables were independently associated with testing and higher
prepregnancy BMI was additionally associated with lower odds of an OGTT in the
multivariable anbysis (odds ratio 0.93, 95% CI 0.89 to 0.96 per Ky/im contrast, practice

related characteristics were more frequently associated withHégting. In the univariable
analysis, four practiceelated variables had significant odds ratios (percentdge would
recommend the practice, and percentage of patients with diabetes who had had a blood test,
foot examination and HbAless tharb9 mmol/mol [7.5%]). A higher patient satisfaction was

the only predictor of HbA testing in the multivariable modeddds ratio 1.05, 95% CI 1.02 to

1.09 per percentage) when the variables listed frable5.1 were included.
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Chapter 5Factors associated with postpartum diabetes screening after gestational diabetes

5.5 Discussion

In this population, threquarters of women had a diabetes test up to six months after a GD
affected pregnancy, of which 90% included an OGTT. Half of the total population had an
OGTT within six to 13 weeks postpartum, in accordance with the timing recodatdy
NICE (2).

Attendance was more strongly associated with patient satisfaction and individual
characteristics, particularly parity and use of medication during GD, than other practice factors.
Practicerelated factors were mofeequentlyassocated with testing by Hb#A than OGTT,

which is recommended after 13 weeks postpartivenefore is more likely to take place in
general practiceOverall, women at highest diabetes r{gR5,126)and registered at lower

rated practices were more likely to be those not attending testing and should be prioritised.

5.5.1 Strengths and limitations

In this analysis| assessed associations with routir@ailable genetapractice data in

addition to personal factors that other studies have considered, adding to the sparse UK
literature on this topic. These included practidemographics(such as size and area
deprivation) and both diabetes outcome and process measures (such as percentage of the
diabetic population with good glycaemic control and referred to education programmes,
respectively). Twdevel mixedeffects analyses retainedettdistinction between general

practices rather than removing any effects through adjustment.

However, some variables that other studies have reported associatifi¥/f@an8)were not
available due to the use @foutine dataet that was created for another purpd$ese include
ethnicity, individual socioeconomic status and previous history of GD (therefore | used the
time of the OGTT to indiate this). Whether women were invited for testing was also missing,
as was the time that postpartum Hb#fests were performed. HhAtests are recommended
after 13 weeks postpartu(@), therefore it is unclear from this analysis whether these were

performed appropriately.

In addition to missing variables, there were missing data. BMI and birthweight were the
variables that were most frequently missing. This could have led to bias in the associations

with testing attendance if missing was not at randsmeh as if weight was less likely to be

118
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recorded in the medical record of those who were overweight. However, the complete case
cohort was representative of the original cohort with regards to the characteristics included so

missing data were not imputed

In 2015, NICE recommended not to routinely offer postpartum OGTTs but to use the FPG test
(2). Although | did not access delivery date in order to protect patient confidentiality, OGTTs
wereavailableto all postpartum women both before and aftex thange in guidelines at this
hospital between 2014 and 2017. This reduces the generalisability of the findings to the rest of
the UK. Not accessing the date of delivery also meant that | could not use practice variables

specific to the year of delivery.

| assessed uptake of screening up to one year after a GD pregnancy as recorded in hospital
medical records. The first postpartum test tends to occur in secondary care, although mothers
are anticipated to be seen for a general health check with theiababyweeks postpartum

by their GP (the six week mothandbaby check238)), providing an oppdaunity for the GP

to ensure they have had the diabetes screening test. Some women will have a postpartum test
in the community, which is anticipated to be included in the hospital record, although it is
unclear whether this occurs in every case. As atresulre women could hawendergone

testing than recorded here.

5.5.2 Comparison to existing literature

5.5.2.1Uptake of screening and diabetes diagnoses

| observed similar rates of testing and slightly lower incidence of T2D and IGT after GD than
comparable studies ithe UK have reported. The small differences in diagnoses of glucose
intolerance disorders may reflect the differences in demographics betettiegs.Table5.4

shows a comparison of attendance at the first postpartum diabetes screening test after GD based
on hospital records in the UK.

Since 2000, uptake has ranged from 51% to 80%. However this comparison is bésed on
similar studies and smalumbers of participants (2,449 recordsatal). Comparisons across
hospital cohorts are challenging due to heterogeneous designs including different local
protocols for GD diagnosis (e.g. Cambridge University Hospitals NHS Foundation Trust used

modified glycaemic cutoffs based onthe IADPSG criteria whereas Oxford University
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Hospitals NHS Foundation Trust used the original IADPSG cri(@E6), neither of which are
recommended by NICE2)), methods for informing or inviting women to attend testing (e.g.
there were prarranged six week followmp appointments booked for women in BSiedd

(157), and different postpartum testing protocols that may include OGTTs, FPG tests and/or
HbA1c tests. Nevertheless, these differences reflect attendance rates in routine practice

therefore arefovalue.

Table5.4: Comparison of attendance at the first postpartum diabetes screening test after gestational d
based on hospital records in the UK.

Screened for Diagnosed
diabetes(n Timing of with T2D (n

Study Source Years N [%]) screening [%])
This study Cambridge University 2014to 556 415 (74.6%9 Up to27 6 (1.4%)

Hospitals NHS 2017 weeks

Foundation Trust
Walsh Shrewsbury and 2015t0 229 160 69.9% Upto24 5 (3.1%)
2019(239) Telford HospitaNHS 2016 weeks

Trust
Walsh Shrewsbury and 2012to 306 185 60.5% Upto24 5 (2.6%)
2019(239) Telford HospitaNHS 2015 weeks

Trust
Castling Maternity database 2008to 1,052 794 (7/5.5% 6 weeks 23 2.9%
2019(157) Royal Hallamshire 2012 postpartum

Hospital, Sheffield test
Walker Oxford University 2010 154 78 (60.6%9 Up to13 NR
2020(156) Hospitals NHS weeks

Foundation Trust
Holt 2003 Princess Annélospital, 2000to 152 122 @0.3% 6 weeks 3 (2.4%)
(240) Southampton 2002 postpartum

test

NR: not reported.

Screening attendance recorded in hospital records tend to be higher than that recorded in
primary care records. In 2018, one study reported 58% attendance up to one year postpartum
across approximately 675 general practices (9,118 records in 1990 to6204@f{tendance

since 2010])X153) In contray uptake of testing was reported to be 19% up to six months
postpartum, with most attending at approximately three months, in a previous general practice
audit in England (788 records in 2006 to 20(%H4) Wide regional variation was reported,
although this was not sufficient to explain the differences observed between community and
hospital records. Reasons for the stark differences in attendance remain unclear, aftineugh s

may be explained by the poor transfer of informabetweermaternityandprimary care.
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5.5 Discussion

5.5.2.2Factors associated with screening attendance

Previous reviews, not including UBased studies, report variable and inconsistent associations
between specific chacteristics and neattendance at testing, including some factors that
increase diabetes rigk47,148) Like this study, a mukcentre US studyound that obesity

and higher parity were associated with lower screening completion by postpartum(C82Y T
According to the above study of a Sheffield hospital, the following categorised variables were
associated with lower attendance: higher deprivation, smoking, unemployment, under 25 years
of age, high parity and not breastfeed{d47) In comparison, | reported associations with
parity, prepregnancy weight and BMI, and FPG at GD diagnosis using continuous variables.

| also found that use of GD medication predicted follgwin the multivariable analysitke

Walsh 2019239) and the Black, Asian and minority ethnic subgroup in Castling and Farrell
201906s (@a97)a Conversedy, no statistically significant associations between test
attendance and the personal characteristics assessed were reported in the study in Southampton
(use of GD medication was not examin€a40), nor did uptake of HbA testing vary by

personal factors in one UK centre, although details of the methods were unayadahle

As noted above, explanations for the differences in asgwwsaare challenging due to
important differences between clinical practice, the cohorts and study designs. For example,
Castling and Farrell used a binary overweightaftitof level 1l obesity (BMI greater or less

than 35 kg/r (242)) that may be too crude to observe differences according to BMI, and did
not reportwhen BMI was measured.57). Also, the population in Cambridgeshire may not
have had enough diversity in IMD scoresidentify differences in attendance according to
deprivation. Overall, there is mosbnsistent evidence that use of medication during GD is
associated with higher postpartum screening attendance, which is logical since this is likely to
be associated with a better understanding of the need for fafpothrough more clinical

contact and anore pronounced experience of diabetes.

No previous studies have examined associat.i
findings are consistent with the broader | it
general practice is asso@dtwith health outcomes, albeit with often weak associa{@A4)

For example, patients who felt that they had enough support from local services to manage
their longterm conditions énded to have better managed T2Z®14) whereas overall
experience was not associated with emergency hospital admissions (both recorded in the
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Chapter 5Factors associated with postpartum diabetes screening after gestational diabetes

national General Practitioner Patient Survé®f5) Overall experience is most strongly
associated with interpersonal quality of care provided by the GP, rather than factors like ease
of booking appointments and opening hours, which might be expextezinhore strongly

associated with attendance at screening afte(23b).

5.5.3 Implications

Il n addition to the novel finding that patien
of postpartum diabetes screening in this region, the results of this ar@pwsigutes to

describing diabetes screening after GD in the UK

Because Idund that women with higher parity and higher BMI (in the univariable analysis
and for OGTT attendangewere less likely to attend screening and these are the women who
are at highest risk of diabetes, interventions to improve attendanttebe focusedn these
women. It might be particularly important to facilitate them to bring their older children to the
appointment, for example. In addition, the importance of screening should be promoted in those
who controlled GD symptoms by diet alone, and maygeecthemselves to have a lower risk

than women who needed medication.

In the longer term, future research should address reasons why women at high risk of diabetes
were more likely to not attend testing. Some of the reasons given for missing testings suc

the unpleasant testing proced(®&), are universally applicable. Other possible explanations
include not recognising risk or being afraid of positive diagnoses. Interventions focused on
improving awareness and acceptability ofbeiies screening postpartum, particularly in
practices with lower patient satisfactioopuld therefore potentially improve uptake of

screening antrmeucomesméus. | ong

5.6 Summary

Through an analysis of medical records from Cambridge University Hospitals NHS Foundation
Trust between 2014 and 2017, | found that a quarter of eligible women missed out on diabetes
screening in the first year after a GD pregnancy. Lower parity, usedtatien and overall
patient satisfaction (indicated by the percentage that would recommend their general practice)

were associated with higher attendance. However, not all the variables that might explain
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5.6 Summary

attendance were available for analysis, and tbspital used a GD followp protocol that is

no longer recommended by NICE.

Further research is needed to understand why women with these characteristics are less likely

to attend and how to improve attendance, and the role that their general pracscen play
screening or promoting screening. In the nex
screening through a synthesis of published literature, and examine approaches to improve
uptake using qualitative interviews in Chapter 8.
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Chapter6 Womeno6s Vviews on scre
diabetes after gestational diabetes

A systematic review, qualitative synthesis and recommendations for

increasing uptake.

In order to better understand the reasons for poor attendapestpartim diabetes screening
that have been reported in the literature and that | described at the Rosie HoSbigadter 5,

| conducted a synthesis gfialitativestudies ofv 0 me n 6 sconeernsgvastpartum testing.

Previously published reviews examinedstpartum care and health seeking in general. |
attempted to distinguish between views towards attending appointments after pregnancy and
the diabetes screening test itself. Views towards healthy diet and physical activity after GD

pregnancy are consideredChapter 7, although some studies are included in both reviews.

The findings from this review and the recommendations that | suggested for increasing uptake

informed the studyn Chapter 8.

The studydescribed in this chapteras published in 201208} Dennison RA, Fox RA, Ward

RJ, Griffin SJ, UsheBmi t h J A. Womends Vviews on screen
gestational diabetes: A systematic review, qualitative synthesis and recommendations for
increasing uptake. Diabetic Medicine. 2020;37(1):293.

6.1 Background

As explainedpreviously national and international guidelines recommend that women are
screened for glucose abnormalities at one to three menittisGD to exclude persisting
diabetesfollowed by lifelong screening to monitgtycaemia and to identiffhose who have
developed diabetd4,2). Earlier detection of TaiBbemsnda ef f
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Chapter6Wo mendés vi ews on screening for type 2 di

decreases the duration of exposure to hyperglycaemia and hence reduces risk -¢&édlonger

complicationg247).

There is currently variation between guidelines regarding which screening tests and schedules
to use. For example, the ADA recommends using the 75g OGTT atghedstpartum test
followed by either a FPG test, OGTT or Hhfest at least every three yeéls In 2015, NICE
advised that women in the UK should be screers#g FPG postpartum followed by annual
HbA:c testing, and should not be routinely offered an OG2)T

Frequency of postpartum screening varies by population but remains suboptimal; many studies
report just 50% uptak@ 45 148). Attendance tends to be highest for the first postpartum test,
and declines with time since pregnancy. In the UK, for example, analysis of medical records
in The Health Improvement Netwoi®@HIN) database found that 58% of women attended
diabetes screening the first year postpartun®,(118records 1999 to 2016), and less than

40% attended in the second and third y€a88) Two small, local studies suggest even lower
annual rates of 16% and 20% thereaftiéy4,155) Younger women with other children and
those of lever socioeconomic status attend less frequently, particularly if they received little

perinatal care or their GD was managed by diet alb48).

A previous systematic review of both qualitative studies and surveys found that healthcare
seeking after GD can be constrained by the maternal role (meaning prioritising the needs of
children and constraints associated with childcare), failures of théhéaa system, and
womenos per spect(87yHowever,mmysstudies publighedtup to 2013 were
included and general care, rather than glucose testing, was considered.

6.2 Aim

In light of recentlypublished studies about sereng plus changing guidelines for GD and
T2D diagnosis and managemet2,19,119,248,249) aimed to synthesise the literature
regarding the views and experiences of women withistory of GD on followup glucose
testing. | particularly focused on barriers and facilitators to attendance. Furthermore, |
developed recommendations to adjust testing protacalmform interventions for improving
long-term follow-up based on thendings.
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6.3 Methods

6.3 Methods

The complete methods for this systdim review and qualitative synthesis are described in
detail in Chapter 3.1. | developed the protocol and registered it on PROSPERO in May 2018
(record ID CRD42018092386).

| was assisted in this work B¥achel Fox, a clinical medical student. Under my supervision,

Rachel screened the full texts. Simelertook the role afecondeviewerin coding the findings,

gual ity assessment and inter pr etCartcerroabgut and
diabeteé ( S €.4.3.9 far the publication.

6.3.1 Search strategy

In brief, the search strateghown inTable3.1 was usedo search five electronic databases.
This was developed for a group of literature reviews concerning GD, including the studies in
Chapters4 and 7, and this chapter. We also screened reference lists of included studies for

citations not identified by this search.

6.3.2 Inclusion criteria and study selection

We included peereviewed journal articles thatexamih@o men6s experi ences f
in relation to postpartum glucose tolerance testingliabetesscreening, or experience of
interventions to promote attendance at screening. All qualitative and mixed methods study
designs were eligible. We excluded sasdexclusively reporting views of healthcare providers

and about postpartum lifestyle in order to focus on screening.

After removing duplicates, Rebecca Ward and | assessed the titles and abstracts against these
selection criteria. | then acquired fullktearticles and reassessed them against these criteria
with help from Rachel Fox. Both authors reviewed and discussed an overlapping 10% of

citations to ensure consistency at both stages.

6.3.3 Quality assessment

Rachel Foxand | used the CASP checklist foradjtative researcehownin Table3.3 (196)to
assess the quality of the qualitative research in each study, and discussed the findings. We

awarded scores of 0, 0.5 and 1 for answerir
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guestions, respectively. We did motclude studies based on quality in order to make use of all

available information.

6.3.4 Qualitative synthesis

We conducted a thematic synthesis as described by Thomas and Ha&demith the aid of
NVivo 11. This involved coding the data, developing descriptive themes, and developing
analytical themes. This procespresented ifrigure6.1 usingan example from this review.

m
Primary codes Descriptive themes Analytical themes
= - = -

,,,,,,,,,,

Clinicians' awareness

of GD care
Clinicians focus on ‘ Behaviour of clinicians

Clinicians' prioritisation Arrangement of
of testing follow-up tests Relationship with

\b
I healthcare
General availability of / 3
postpartum care Relationships with
healthcare staff
Invitations and I

reminders for testing

Ability to understand
GD and T2D

Patients’ responsibility

Other descriptive themes Other analytical themes

Figure6.1: Example of the use of thematic synthesis in the qualitative synthesis of diabetes screening
gestational diabetes.

After familiarisation with the data through reading the studies and making notes and
annotations, | formed a coding frame and used this to develop descriptive themes. Rachel Fox
and | coded the data, including independently coding a subset of papers to check consistency.
We developd descriptive themes to define the each concept in line with the primary studies.
Next, we translated concepts from one study to another by making summaries and comparisons,
and developed new concepts. | considered these independently, then with Rachetl Fo

finally refined the analytical themes through discussion with the wider research team.

6.3.5 Recommendations for promoting screening

Based on the analytical findings and aided by Rachel Fox, | developed recommendations to
promote uptake of screening thamad to address the behaviours or beliefs that hindered
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screening attendance and to make use of facilitators. | aligned each recommendation with
standardied behaviour change technique taxondmyenable greater consideration of the

process by which the cemmendations could be effecti{Z90)

We used the GRADEERQual approach to evaluate our confidence in each of these
recommendations by considering the relevance, coherence, adequacy and methodological
limitations of the included dafa97)

6.4 Results

6.4.1 Included studies

We included 16 qualitative papers after screening 23,160 citations and reviewing 129 full texts
(Figure6.2). Two papers published by Ra#t d. in 2017 reported data from the same set of
interviews but used different analysis meth@2#s0,251)therefore bottwere included in the

analysis.

The median number of participants was BQR 12 to 31) and 746 postpartum women were
represented overalppendix7 shows the characteristics of these studies. Fifty three percent
of participants attended testing (97/184, based on seven studies reporting attendance). All the
studies except the one by Morrisehal. (252) used interviews to collect data, with most
conducted facéo-face. Most of the studies were set in higpome countries and some
recruited ethnic minority populations; where populations with mixed ethnicities were recruited,
often over half of participants were White European. Average age was approximatedys35 ye
(range 24 to 56 years). Wheeported, the majority of each population was married. Using
insulin during pregnancy, family history of diabetes and being overweight were common (the
majority of participants in most of the studies had these charadgyiddiata were collected
between six weeks and nine years after pregnancy and, correspondingly, views towards both
the first postpartum test and general testing were considered.
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E Citations identified through reviewing Citations identified through
5 references lists or other sources literature search
E n=3 n=35,719
=
S
— t+———— Duplicates removed n=12,559
Citations after duplicates
removed
n=23,160
» Excluded titles and abstracts
o n=22,050
E Citations included after screening
8 title and abstract
=l
3 n=1,110
» Excluded titles and abstracts
n=981
Citations included after screening
title and abstract (qualitative)
n=129
. » Excluded full texts n=116
= 49 not journal article
5 » 32 no qualitative data
5 22 no views on T2D screening
5 no history of GD
8 other
=
£ Studies included in qualitative
] .
= synthesis
= n=16*

Figure6.2: PRISMA diagranfor the qualitative synthesis of diabetes screening after gestational diabete

*Two of these publications report the same set of interviews using different approaches to the analysi

6.4.2 Quality assessment

Most of the studies were considered to be goodtgyatean CASP score 7.6/10), as detailed

in Figure 6.3. Two studies scored below 6/10 because they did not report use of rigorous
gualitative method$§253,254) The value of some studies to this review (CASP question 10)
was unclar or low because they presented mixed results from both mothers and healthcare
providers and some only had a small section about testing. The relationship between the
researcher and participants (CASP question 6) and ethical issues (CASP question 7) were

poorly considered in general.
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Figure6.3: Findings from the Critical Skills Appraisal Programme (CASP) checklist for the qualitative
synthesis of diabetes screening after gestational diabetes (A) accordaahtmcluded study, and (B) overe
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6.4.3 Findings of the qualitative synthesis

Barriers and facilitators to attending screening after GD were translated into four themes and
13 subthemes that are described below. Although not discrete categories, | drdgjamise
themes into quadrants according to the degree to which they related to the healthcare system
or were personal factors, and the degree to which they supported attendance (permissive
factors) or influenced attitudes towards testing (motivational fectdhis is summarised in
Figure6.4. Influences were reported from the perspective ofa&Bcted participants but not

all participants were influencday each factor.

~ Healthcare

» Behaviour of clinicians % ® * Logistics of going to and ;yStem
@ being at the appointment actors

* Process of booking tests
+ Continuity of healthcare %‘# * Unpleasant, poorly A
« Ability to understand understood testing
diabetes risk The appointment JRQIUVHIIE
and test J

Concern about

Family-related

+ Unconcerned about o o
practicalities * Care for their child

glucose status

diabetes

« Concerned about T2D -~ () » Adapting to life with
so want to know OO the baby
» Fear of T2D discouraged o © * Support v
screening * Work Personal
factors
< >
Motivational factors Permissive factors

Figure6.4: Summary of the themes and subthemes of influences on attendance at postpartum glucost
after gestational diabetes.

The studies that contributed to each theme are showabie6.1. All of the studies contributed
to more than one theme, although sometimes this was jsmall contribution such as listing
that concept without explaining it in detai
procedured was the | east well i nformed, with

a barrier to attending testirig63)in detail.
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Table6.1: Studies that contributed twach theme and subtheme in the qualitative synthesis of diabetes
screening after gestational diabetes.

Relationship with | Appointment| Family-related Concernabout
healthcare and test practicalities diabetes
n O = P a >
5 @ £ ¢ 5 s = = = =]
S ¥ o © 58 o 5 < 3 ?
- 3 - Sy 8.' g S.| = g kS g <z °
S 5 2 S2|E£8 55|2 ¢ es 52 g
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o o 35 28|les 5|5 =& oo £ - =
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Study ma O 5|15 |0 <2 2 ®|D> 02 U
Soares 200@253) o o o
Benne 2011(255) o C\ o ®© 060 6 0 ©
Sterne 2011254) . . . . . . . . o . o
Lie 2013(256) o o O O O
Abraham 2014257) . ° . ° °
Morrison 2014(252) N
Paez 2014258) e o O @) e O o O eo| @ ° )
Kilgour 2015(259) 00 O O 1O O O O
Nielsen 2015260) 00 O [ o O
Bernstein 2016261) . o . . . . . o .
Campbell 2017262) C I ) e O o O @ O
Pennington 2017263) e ¢ O ) O ) @)
Rafii 2017a(251) O ) O ) ] O o O [}
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Zulfigar 2017(265) o O [ ) [
Larged o t : CASP score i88.05, meadianm 7d o/t5:) ,7 .s5nal | d

Open dots indicate where a study briefly contributes to the theme, or lists the theme.

In the text below, quotations from the primary studies are presented in iRkcs. t i ci pant
guotations are reported in double quotation
explanations are reported in single quotat:.

participant attended the screening test if this was raportdhe primary study.

6.4.3.1Relationship with healthcare

Participantsdé interaction with the healthece

screening.
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Behaviour of clinicians

The behaviour of clinicians could conflict with or reinforce prioritisationsofeening.

Pregnancy and postpartum care could imply that GD and the associated diabetes risk were not
important after delivery therefore there was no need for further testing. For example, the
message that GD would resolve after delivery could appeansistent with messages about
postpart ume nsyc rdeieanbientgees imi dwi fe said it nor mal
so | didndét ged(256)6Gpdode mongoring &nd éietavy aestrittsons stopped
immediatelyafter delivery, reinforcing that they no longer had diabetesit there in the

hospital eating a big huge piece of chocolata k &257) Furthermore, some clinicians had

finotime& f or g | u260)kuefoctisedsonh thenbgby or ndrabeteselated maternal

care at postpartum appoi nt prenmtingd. f Qup (2€8we ot h
hel ped women to under st a htldinkthat ppostnatapfollowtph nc e , f
was explained to me both predpost that that needed to happen. It was explained by both the
hospitalandthe G® [ s c (269 n e d ]

Process of booking tests

Participants additionally commented on the process of booking tests. Mamguvprised to

di scover that this was their responsibility
were not chased. They often nee&daedet d eamaptetgn
it was something | was supposed to take care cérhyB € [ s ¢ (26 Altaaigh many

did arrange the test, some considered that invitations and reminders should be senirfrom the
general practe Wéal | , it would be a | ot easiielike i f |
they do for that cervix cancer screening [ s ¢ r(26@ Fositivély, proactive clinicians
encouragedéfmyeddanoere] Bven wroteoifsdoweprnind
(250) Participants would be reassured to know that GPs were involved in this part of their care
becasé@ YBu tend to forgeté so i26%)MAtao extteame,s af t
some women perceidethat their GP did not know about routine folloyy care after GD

( Bven for blood test | had to tell him | have to do a blood test for diabetds s ¢ (2699,n e d ]

or explicitly gave incorrect advice. ®n par ti ci pant[ GPesnc | didredt trhe
understand it, GD, atal [ s c (269% n e d ]
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Continuity of healthcare

In addition, continuity of healthcare was frequently discussed. Some womeilisteessed

by | ack ofé Yowntsiereuiatlyl: di f ferent [doctor s] a
andé everybody just seems so confused here,
patenb [ at t e (RB5e donversely,icanistency in relationships meant that they knew

and trusted their clinicians, andémeaotalotd f eel
to me that | didnoét HhmeJwasthere. Bhat would defindely hgvee r s o n
made me feel all confuséd t woul dnot h ao(260) Fragmented camre wast a | |
particularlyobvious between pregnancy and returning to the GP postpartum, where Bernstein
etal.r e f er rchatm bhetveen spécialities apmofessidnal silo§(261). Consequently,
womenneeded t o t ak mforrnation broleed (259pdnd coronfunicate their
pregnancy history with their GP; electronic medical records were not suffi@g8i261)
Additionally, Bennettt al.reported that relationships built with administrative staff facilitated
folow-u péwhen | called to reschedule [the clerk
baby so | could see hom. $ciQagnedl]ol d her 1 6d

Ability to understand diabetes risk

Finally, clinicians played an important rolevno m e andesstanithg of diabetes risk. A lack

of patientfocus prevented participants from agkguestions about GD because there was only
time for cliniciansSheadqdearrda biasicand yl tsati ido s
sugar, donét eat any fruité | was sort of |
because there is nathn g | caa pabt n(@58)a@ becarisk jt was explained

using medical terminology that they could not undersfabél) Some clinicians wertoo keen

to refer them to websites and/or leaflg60) Inability to learn about GD could leave women

anxious and uninformed about their rigid@betesr the need for screening. Several identified

t he negdadod oeduicati on antenatally as well as

brainés woa(RBng agai né

6.4.3.2The appointment and test

Practical aspects of both the appoient and the glucose test itself affected opportunity to

attend.
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Logistics of the appointment

Logistics of going to and being at the appointment could create several barriers to attendance.
These included the appointment time, needing to traveldmtgnces or needing to use public
transport, whi ch one pltavastailong gnatmirig dag anol €éwas e n c e «
exhausted when | got back han(262) Some factors were inherent to OGTT procedures such

as t he | on gbecyse ibtooiwo mains bf :my time | kept putting it @f254).
Furthermore, lack of heddlt i nsur ance or the ability Ito pay
don't really need [testing] é only because o
financial posito® [ not (85&)y eene d]

Unpleasant, poorly understood procedure

Women found the testing procedure unpleasant or didumdérstand its purpose therefore

wanted to avoid having to go through it. In particular, many in one study reported that fasting

then drinking a glucose solution made them feel ill, and some disliked n¢2@lgsSome

respondets indicated that they did not understand how the test worked, meaning one
participant had eaten breakfast so had to come back anothé25%)eand another questioned

the procedie s a y¥iHogy, cian you give somebody sugar t
have to test it? Theyoro€26ld Severahsuggestedyusiggooren g t o
pleasant test&®54)

6.4.3.3Family-related practicalities

Respondents reported various personal challenges to attending screenins téisistrated
by the éegsepownsbi g i so0(260)dhese teydedua relatedobclildren.
Bernsteinet al.s a i d mastmarhemwpt to plan activities around the needs of the newborn,
not around the needs of the medical care syst@6l) therefore if the two were not
compatible, they did not attend.

Care for their child

Mothers said thateedingocae f or their child prkeveanéd 6sbr
there was anything that made me hesitate other than, you know, life with a newborn and two

ot her co{258) Baverahnéentioned their schedules: some reported that a new baby led
toalackofa ¢ h e déu[lgee t(thAi ng t hi ngs] done happens in
spur of the momeat(263) whereas others struggled around feeding and sleep routines.
Importantly, the clinic was not seen to be a suitable place to wait with children or to breastfeed.

136



6.4 Results

Few womenin one studybrought their children to the te&@55) when others spoke about the

need to find childcare, it appeared that bringing them was not considered an option (due to the
anticipated chailenges of the waiti ng rAo ofite eapnadr adtuer irnogc
facilitate breast feeding, toys for kids, n
also facilitate screening attendar@@54) This theme was more important in unusual or
unexpected cli rgcwerssst alnlc edi: d mét ¢ dhmbabydat thee a u s e
hospital] every daye | nhés (B5B)eeenég] thing | d

Adapting to life with the baby

Unsurprisingly, adapting to life with the baby was difficullan wo me n de s cjusti bed f
tiredé because | @m[nhwrtn (256mawntd,n Effthidastresshul. Avithe d

a nhew baby, mum gets no a&besfeelng avarwhelmed62) no ene
| n t he ctrgingtoeget shoveefs inf@nd get food in is an issue righttnof scr eened
(255) mot hersé own heal t h dendr simplyrtoamugh, atgjoughe st i n
many intended to go at a | ater dfadrmtmeto when
goé Al ways | tell |l do it tomorrowé But | d:
dutdoyé[ not (854) eened]

Support
The support that women received at homeecéd their ability to take time away from
childcare and attend testing: several mentioned that their husbands or parents had looked after

the children whereas others did notBecéwseve t hi
of my children,lcanro go out muché There is no ome to Kk
[not screened(251)

Work

Finally, the need to work presented a further barrier to attendance because women were not
able to take tilmec ocauwadyn 6fto rl etahvee tweosrtk: bfiec ause
| knew the situion | was in, | needed to wark261), and it presented another demand on their

ti mel:6\vie been running around tryimg[tsecrgetnegs
(255).
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6.4.3.4Concern about diabetes

Lastly, participants6é | evel of concern regar

motivation to attend screening.

Unconcerned about glucose status

Some participants were unconcerned abdistovering their glucose status so were not
motivated to attend s cr eoelthnotnbg bothdrdnli a mading r e s e n
a slack attac&(262) or a lack of urgencg259) Others were untrouldeby the possibility of

a diabetes diagnosis because they did not deem themselves to be at risk. One participant denied
her GD diagnosis, which was Myygludosetewldvasnat her
too high. bt [ wa $ n @30) SBrBedhadbfcluced that they did not have

diabetes due to reassuring results of -sehitoring that they continued postpartum

( éverythingisnormal [ not @5y eanddlbecause thevweryfeldt r
careful and compliamt wi t h | i festyl e r ec@smethedwomenons [
were unconcerned but were nevertheless tested as screening cowvitlidetther postpartum

appointment® r  madog&uee dvithdheir caré(255)

Concerned about T2D so want to know

Concern regarding a diabetes diagnosis and understanding themead&gement most often
encouraged screening. In particular, understanding the significance of diabetes was a motivator
to atéseondl (aim afraid of di abktles@E(280hrildsb]s why
could be reinfrced through knowing friends and family with diabetes, or their own experience:

one participant considered the éil mpvloiud at iharvs
ask for counselling or s omi261)Addiignally, pandhferl p me
future pregnancies mattiov aatveodi ds ocamey tcoo mpd i tas
jeopardize her ability to do this successfal(258) Abnormal results of selhonitoring

increased concern about diabetes risk and sbed formal screening.

Fear of T2D discouraged screening

Occasionally, womendés fear of diagnosis of d
fromtias, Al i ke, oh my gosh, | dondt want to
| dondt get checked(258maybe | wonodét devel op i
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6.4.4 Recommendations for promoting postpartum testing

In light of the findings, | developed ten recommendations for approaches to support attendance
at glucose testing, both at six weeks postpartum and beyabte6.2). Theseaimto promote
ideas that the participants of the included studies explained helped them to attend, or thought

would help them to attend, and suggest ways of overcoming barriers.

To illustrate, the first recommendation is to educate clinicians to, and how to, promote
screening throughout GD and postpartum care. This was made because | found that clinicians
who endorsed testing during pregnancy and postpartum encouraged womeDwotht@nd
because the mothers understood its importance. On the other hand, emphasising that the
symptoms of GD would cease after delivery with no mention of T2D risk could be misleading.
Therefore | anticipated that promoting the effective behaviourchadging the ineffective

behavioumwould be likely topromote attendance.

These recommendations referertmhaviour change techniquesd are directed at both
women with GD (for example, 069. Educate wome
procedu e wo r ktecliniguessS .nlg | nf or mati on about health
or the healthcare system (for exdriemgly,and 065. I
encourage mothers to br i tneghniguill2dsttectiringthe app oi
physical e(90)i r onment 06)

| had high confidence in three, moderate confidence in six and low confidence in one
recommendation(s) in accordance with the GRADERQual assessment; this is summarised

in Table 6.2 and fully explainedin Appendix 8. | had highest confidence in the
recmmmendation# there were lots of data and the concept was addressed both positively (as

a facilitator) and negatively (as a barrier).

Table6.2: Ten recommendations for promoting postpartum glucose teaftieiggestational diabetes, and o
confidence in each recommendation made using the GRBEREQual approach

Behaviour change
techniques relating to Confidence in evidence and
Recommendation recommendation(190) explanation
Relationship with healthcare
1. Educate clinicians to, and how 1.1 Goal setting High: Lack of information (during
to, promote screening (behaviour), pregnancy angostpartum) and
throughout GD and subsequent 4.1 Instruction on how to seemingly conflicting advice about
care perform the behaviour, postpartum screening from clinicians
9.1 Credible source were clearly reported, while the
opposite encouraged screening
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2. Implement recall systems for
postpartum testing from genera
practice or obstetric care, and
send remindrs to non
responders/for missed
appointments

3. Establishstandard protocols for
communicating gestational
diabetes history within the
healthcare system

4. Promote patiententred
approaches to care in order to
facilitate building relationships
and opportunities to ask
questions

1.4 Action planning,

1.6 Discrepancy between
current behaviour and
goal,

2.2 Feedback on behaviot

12.5 Adding objects to the
environmenffor
clinicians only]

4.1 Instruction on how to
perform the behavioyfor
clinicians only},

9.1 Credible source

High: Benefits or anticipated benefits
of invitations and reminders were
reported in many studies

Moderate: There was a clear need to
ensure sharing of patient history withif
the healthcare systemvhich would
improve followup care; one benefit
may be improved screening uptake

Moderate: Improving experience of
care would make it more pleasant and
may improve screening attendance
(directly or indirectly)

The appointment and test

5. Make clinics more child and
nursingfriendly, andencourage
mothers to bring children to
appointments

6. Seek innovative, personalised
options to make it easier for
hardto-reach women to attend
testing (eg. dropins, alternative
locations)

1.4 Action planning,

12.1 Restructuring the
physical environment,
12.5 Adding objects to the
environment

12.1 Restructuring the
physical environment

7. Utilise more pleasant, less time None

consuming testing procedures
and protocols

Moderate: It is clear that clinics/long
appointments are not considered
suitable places to brinchildren but
how to improve this was rarely
discussed in the studies

Moderate: Too inconvenient
appointments discouraged testing but
the studies did not clearly suggest
alternatives

Moderate: OGTTs discourage
screening; a shorter test withdasting
or a glucose drink is desired and may
increase uptake

Personal and familyrelated practicalities

8. Schedule postpartum glucose
testing to coincide with other
postpartum checkps (both
mot hersé6 and c
appointments)

10.5. Social incentive,
10.7. Selfincentive

Low: Glucose tests were difficult to
attend; it is assumed that combing the
with appointments that women are mg
motivated to attend would facilitate
attendance

Concern about diabetes

9. Educate women about the
purpose of screenirgnd how
the procedure works

4.1 Instruction on how to
perform a behaviour,
5.1 Information about
health consequences

10. Educate women that postpartur 5.1 Information about

self-testing, behaviour
compliance or one negative tes
result is not sufficient to rule ou
T2D in the long term

health consequences

High: Often knowledge of the purposeg
of screening increased attendance;
apathy and fear of diagnosis were

barriers but could be reducédough
education

Moderate: Many studies explored how
postpartum selfesting influenced
concern about diabetes; education thg
this is not sufficient to rule out diabete
could increase screening attendance
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6.5 Discussion

6.5 Discussion

Through a synthesis of qualitative studies, | have explained how multiple healthcare and
personal factormfluence attendance at postpartum glucose testing after GD. Although barriers
were dominant in the studies | included, the factors can operate as both barriers and facilitators.
Some influenced practical aspects whereas others affected desire or protteatttend
screening. | focussed on postpartum testing yet several influences were clearly being
established during pregnancy.

This sheds light on the low uptake of diabetes screening that is often observed: only women
with high intention for testing malye able to overcome certain logistical barriers and attend,
whereas these same barriers may stop less motivated women. Furthermore, motivation may
decrease over time, corresponding to a decline in attendance at annual testing. Postpartum, the
contact thatmost women have with clinicians is focused on the baby, rather than their own
hedth, and their concern about T2D may be replaced by other worries or busyness.
Accordingly, | have identified and assessed my confidence in the effectiveness of multiple
straegies to increase attendance by reducing logistical barriers and increasing motivation, most

with high or moderate confidence.

6.5.1 Strengths and limitations

| completed a rigorous literature search and qualitative synthesis as the lead member of a small
multidisciplinary team for this review. In order to minimise personal bias, | discussed the
analysis with other researchers, and used CASP and GR¥ual checklists when
evaluating the quality of studies that contributed to the synthesis and my confidethee i
resulting recommendations. | utilised tbehaviour change technig@@xonomy to describe
strategies to promote screening in this population. Additionally, | have included perspectives
from different populations and healthcare systems and found influences that could be relevant
across multiplesetting. For example, the co®f testing in the included studies related to
paying for the test, yet in settings with free healthcare, costs associated with travel (e.g. parking

charges) may be a barrier.

Some of the 16 papers that | included were poor quality and/or only contrébsieall amount

to the review findings. There was inevitable selection bias whereby people with stronger views
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were more likely to participate than those who did not. However, participants included both
women who had attended screening and those thatdtathterpretation was also limited by

the data that were reported: | sought to focus on attendance at screening rather than postpartum
care seeking more generally, but | was not always able to distinguish between the two.
Similarly, use of OGTT, FPG or H. tests was not reported, although descriptions from
participants suggest that most were offered an OGTT. Fewer studies specifically discussed how
to increase screening attendance therefore the recommendations were primarily suggestions of

how to overcora barriers.

In addition, it was difficult to identify patterns in influences on screening attendance. For
example, although some will be similar, it is likely that influences will vary between the first
test at approximately six weeks postpartum and thgbscreening several years after
pregnancy, yet it was often unclear how long after pregnancy participants referred to. | was
also not able to consider individdalel interactions such as whether fitishe mothers were

more influenced by certain factothan experienced mothers. Although participants criticised
or identified gaps in their care, or conversely praised the system, the extent to which this
contributed to their decision to attend screening or not was not clear. In practice, it is likely that
the influence of the factors | describe varied according to the individual situation. For example,
whether there was someone available to take care of the children while the mother went to the
test, or it would be simple to arrange this. It is likely ttia$ is socially patterned, where
mothers who face childcare barriers are more likely to also experience financial barriers. |
anticipated that mothers with higher motivation for testing, such as those with high concern
about their risk of T2D, will be nte determined to overcome logistical barriers than those

with less incentive. However, the primary studies did not state this explicitly.

6.5.2 Comparison to other literature

6.5.2.1Theory

Although | analysed the data using thematic synthesis rather than a frariasedapproach,
the influences | identified operate in a way similar to those described in theEC@btlel of
behaviour(266). In this model, capability, opportunity and motivation interact to influence,
and are influenced by, performance of the behawburterest.
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On one side oFigure6.4, | identified motivational influences: emotions such as worry about
diabetes and relationships with healthc&g.the other side, the permissive themes could be
described as opportunity and capability to attend, where | consider external factors that prompt
or inhibit screening such as employment, and psychological and physical potential such as
degree to which theare overwhelmed in caring for their baby.

6.5.2.2Related literature reviews and quantitative studies

These findings echo many of those identified by Van Rysstyt G review of qualitative and
guantitative studie@7). However, while thg covered the wider context of healthcare seeking
after GD, | was able to develop a more detailed understanding that was specifically related to
postpartum testing, as well as attending appointments. Although Van Rgswalidentified

@ need for clini@ans to take a more practive approach to postpartumcére ( page 114) ,
did not describe that failure to so could confuse the participants or be understood to mean that
screening was not important. In addition, | was able to explain their findinglthatoral

glucose tolerance test was a barrier for some women, with a more convenient, pleasant test
being desired ( p aidlb) addlhdw it related to postpartum testing: | described how the
OGTT was a barrier to testing because it took a long timéi¢pkarly when travelling time

was also considered), made the participants feel unwell, and that sonot whderstand how

the test worked or what it measured. This meant that the discomfort and inconvenience that
most had already experienced at leasteotiuring pregnancy did not seem to be worthwhile,

therefore they wanted to avoid having the test again postpartum.

Additionally, a lack of time was the most frequently reported reason feattendance in a
survey of 36 postpartum women, followed by tagthe invitation(267) Similarly, Sterneet

al. also quantified their findings, and inconvenience (such as the test takes too long) and lack
of awareness of the need for testing were the two most common barriers to att¢2Bance

6.5.2.30ther populations

| found that attendance was closely associated with experience of the healthcare system and
put forward strategies to adjust care. The views of clinicians about how to treat and support
women with GD postpartum are therefore important, and help to furtiarstand some of

the experiences described. Several of the influences that | identified were also recognised by

heal t hcare providers, as reported in a |it
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postpartum testin{R68), in a subsequent qualitative synthesis completednbgdical student
under my supervisio(269), and by three of the studies analysed in this chépédi 263).

In Lithgow et al, we described three challenges identified by GPs, midwives and obstetricians
to postpartumfolloau p t hat <c¢cl osely match t o t hetiot heme
6.4.3.0 (269) As identifed by mothers, individual clinicians found it hard to communicate the
long-termrisk of T2D after GD to mothers because they did not want to scare or overwhelm
themothers andwantedto prioritise the pregnancy or baby. In addition, the postpartunstest i
recommended at the time when mothers transition from hospital care back into the community,
and current protocols lack guidance about whether hospital or community is responsible for
ordering tests so mothers faito the gap. Adding to this, it is chahging to communicate the

GD pregnancy history back to the GP, in part due to inability to share electronic medical
records between systems. As described above, women reported that they needed to
communicate their pregnancy histoy their GP and identiéd challengeswith medical
records(259,261)

Van Ryswyk et al. 2014 add that clinicians considered that mothers should take more
responsibility for their diabetes risk, and they wieiredlered by incomplete knowledge of their
patientso pr268) Nvaile there ishagreement tlgat letegm follow-up should

take place in primary care, they also identified inconsistency and lack of clarity regarding

responsibility for shorterm follow-up (158,268)

6.5.3 Implications

A key component of this study was to develop a set of recommendations to increase attendance
at screening. Ah mpor t ant aspect of many of these r
understanding of both the necessity and procedure of screening therefore increasing capability
and motivation. Positively, many report awareness of the risk of developindZ6HE258
261,265)but this did not always sufficiently impact on screening knowledge or attemdan
While information and intention are rarely sufficient for behaviour change, they are nonetheless
necessary and may be more effectime promoting attendance at infrequestreening
appointmentsthan influencing habitual behaviow | therefore suggesteinforcing the
following key messages to address different perspectives and promote screening, without false

assurance or exaggerated concern:
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1. Having had GD means you are at a higher risk of developing of T2D, which is a
serious condition (addressing apat

2. We want to diagnose diabetes early (apathy) but, typically, it is initially
asymptomatic so formal testing is needed. This differs from the glucose monitoring
in pregnancy (seltesting reassurance);

3. We can manage T2D effectively through medicatioth @manges to lifestyle. Early
diagnosis improves longerm outcomes (fear) and knowing your diagnosis enables
proactive management of your health (using proactiveness);

4. Blood glucose control usually returns to normal after delivery but this needs to be
checked postpartum as part of routine GD foltay (informing risk perception);

5. Diabetes can affect subsequent pregnancies (tested for other reasons).

Sharing this information with women with a history of GD is already included in many
guidelines. However, th study suggesthat communication must be optimised to increase
understanding. The key messages outlined above could be included in a guide through and
beyond GD using specific wording developed by consultation with patients with GD. The guide
could reer back to experiences from pregnancy in order to improve relatability and
understandability (e.g. the postpartum FPG test could be described as the first part of the OGTT
that they had during pregnancy, and they would not need to drink a glucose solthisn)
information could be available to women with GD and their clinicians in order to reduce

fragmentation of care and confusion over who is responsible for testing.

Additionally, | suggest several changes to healthcare provision that may increasagcreen
Aside from i mproving clinicians6 awareness o0
usual practice to remove some barriers to screening. | had high confidence that inviting mothers

to postpartum testing and following up missed appointmeetiimendation number 2)

would improve uptake, yet it was unclear from this study how this might work best in practice.
Other systematic reviews have found that reminders and recall systems, such as phone calls or
letters to both mothers and GPs, are dased with higher uptake of screening compared to

usual carg145,146) However, a recent evaluation from the Australian National Gestational
Diabetes Register in the states of Victoria and South Australia suggested that mail outs had
negligible impat on postpartum and annual follayp (161). While the reasons for this warrant

investigation, the authors suggest that more personalised, local invitations might be more
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effective thamational recall. Furthermore, an evaluation of a trial of text message reminders

for T2D screening after GD reported mot herséo
text messages that were sent by the study (2a@@)(this study was not included iniglreview

because it used quantitative methods). Clinicians lssbpositive views towards reminders
(268)and some advise their patients to have a |
[personal communication]. It should be considered whether combining glucose testing with
other appointments, such as newborn chguk child vaccinatio schedules or cervical meer
screeningcould be both manageable for general practice and offer benefits to vimrtinen

long-term

This qualitative synthesis also supports the need for further consideration of more acceptable
screening tests due to tleegth and inconvenience of the OGTT and the need to fast then sugar
load. The HbActest is an accurate measure of chronic glycaemia in the general population that
requires one nofasting blood samplé271) although it is not suitable for use shortly after
pregnancy and in certain populations, and questions about its sensitivity (@TajR73)

Similar to the change in the NICE guidelines in 2Q2% recent guidelines in Australia and

New Zealand have recommended Hb#esting after the postpartum period. Snsalhle
analyses suggest that HhAesting can have a higher uptake than OGTTS, yet uptake remains
suboptimal in the longerm (274,275) My findings provide additional evidence that HRA
testing could reduce some motivational barriers to screening and make it easier to complete
alongsieé other tests or appointments. In addition, novel strategies such as very early
postpartum testing (e.g. before leaving hospital) could be considered. Although less accurate
than a test at six weeks, very high uptake can be achieved and therefore iberttifyjhest

risk women for targeted followp (276) Further research over longer periods is needed to
evaluate the befies and harms of increased use of other tests.

6.6 Summary

After a pregnancy with GD, women are advised to have regular tests in order to identify glucose
intolerance or diabetes. Most studies report suboptimal attendance. In this chapter, | sought to
undersand why some women do not attend and identify approaches to support attendance using
a systematic review and qualitative synthesis. Higher uptake will enable datéetion and
management of diabetes and improve Hogrgn outcomes.
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6.6 Summary

| found that logistical difficulties associated with attending appointments and a need to focus

on their family can affect womenodés abi-l ity t
term. Concern about risk of developing diabetes and experiehbealthcare can increase or

limit intentions towards testing. Alongside clearer education about GD and T2D, | have
suggested ten amendments to healthcare provision during and after pregnancy that may

decrease these practical barriers and improve mativétr testing.

These findings informed the interview study reported in Chapter\8hich | asked women
with a history of GD about their views on the suggestions and preferences for delivery of
interventions or information. In the next chapter, | hasedua similar approach to synthesise

the views of this population towards having a healthy diet and exercising after GD.
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Chapter7 Womenods views on | ife
reducetype 2 diabetegisk after gestational
diabetes

A systematic review qualitative synthesis and recommendations for

practice.

This qualitative literature review was completed in order to synthesise the published literature
about womenos attitudes towards and exper.i
(described asfiestyle behaviours) after a pregnancy affected by GD. It was also based on the
literature search described in Chapter 3.1. | used the same approach amdksrastin the

previous chapterAgain, | wanted to present the implications of the findings cleé#nlys

recommendations for practice is a significant element of this work.

The findings from this review and the recommendations that | suggested for promoting healthy

diet and physical activity informed the DAISIeS interview study (Chapter 8).

This studywas published in 201209} Dennison RA, Ward RJ, Grifii SJ and Usher
JA. Women's views on lifestyle changes to reduce the risk of developing type 2 diabetes after
gestational diabetes: A systematic review, qualitative synthesis and recommendations for
practice. Diabetic Medicine. 2019;36(6):707.

7.1 Background

A healthy diet and physical activity after pregnancy are strongly associated with T2D risk, yet
most women do not attempt or sustain behaviour change but maintain lifestyles that increase
their T2D risk(172). Interventions to prevent T2D have potentially positive effects for women

with GD: they can facilitate behaviour change that leads to lower T2D incidence. For example,
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women with GD in the intensive lifestyle intervention group of the US DPP laghtvend
increased their physical activity levels up to an average 1.5 hours per week more than at
baseline, although these changes peaked within one year of starting the interid#jon
Progression to T2D was reduced by 50% over three years and 35% over ten years compared to
placeba(164). However, the effectiveness of interventions can be limited by poor engagement
outside of rigorous trial settingd66 168). In the DPP, the intensive lifestyle intervention
involved 16 initial individual irperson meetings with a cas@nager, followed by meetings

at least every two months for the remainder of the study and additional support for those who
did not meet the goals within the specified time frafb@5) This type of intervention is

unlikely to be feasible on a large scalanost health systems includimgUK primary care.

In the UK, women with GD are managed according to the guidelines for preventind 12D

These include referral to weigliss or exercise programmes. These programmes have been
developed for the general population,igfhtends to be older and not have young families,
therefore presenting barriers to attendance for women who recently had GD. They are not
currentlyeligible for the NHS Diabetes Prevention Programme unless they are diagnosed with

hyperglycaemia.

Previousual i tative or mixed methods reviews ha
diabetes risk postpartum as part of broader investigations into their experience of GD.

1 Joneset al. 2009 found that many studies reported a gap between knowledge of the
associiton between GD and T2D, and individua
activity and fruit and vegetable intake) and perception of their owr{Iisk)

1 Parsonetal.l2 014 reported the experience of GD
their future risk and prevention of diabetes, including vayywiews towards lifestyle
changes, prioritisation of children and the family, and community/suiparssed
interventiony77).

1 Nielsenet al. 2014 investigated determinants of GD care from GD screening and
diagnosis to postpartum folleup. After pregnancy, they found that women who were
well informed could have intention for a healthy lifestyle but adherence was
challenging(147).

1 Van Ryswyket al.2015 similarly reported barriers including cost, lack of time and lack
of knowledgg87).
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However, no comprehensive review has focused on postpartum lifestyle. This means that the
understanding of exactly how these pesitattitudes and barriensfluencediet and physical

activity after GD lacks the deptnddetail required to develop effective interventions.

7.2 Aim

| aimed to systematically synthesise the literature reporting the views of women with a history
of GD on relucing their risk of developing T2D, including women participating in
interventions. This was with the view to identify gaps in the understanding of the acceptability,
feasibility and practicality of intervening postpartum and to inform the development or

tailoring of effective approaches for this higkk population.

7.3 Methods

In summary, | used the approach describe8eantions3.1 and 6.3 to identify papers relevant
to the review question, conduct a thematic synthesis and develop recommendations for

interventions as a result of the findings. This is detailed below.

| registered the protocol on PROSPERO in January 2018 (record ID CRD42018082049).

7.3.1 Search strategy

| used the search strategy described in ChapteB for this review. | also screened the
reference lists of the included studies for citations that were not identified by the literature
search and considered further papers that were suggestedjdwnal reviewer when

submitting the manuscript for publication.

7.3.2 Inclusion criteria and study selection

| focused on influences on lifestyle behaviours in this review, including studies that examined
womends experiences of heal tGh,yvievesaon T2D gisk a n d
management or experience of attending a T2D prevention programme. Healthy diet and

physical activity needed to be the key behaviours that were promoted. All qualitative methods
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were eligible, including mixed methods, in order to ascas much data on the topic as

possible. | only included full text studies published in pegrewed journals.

Studies exclusively reporting the views of healthcare providers were excluded in order to focus
on the views of women with a history of GD. balexcluded studighat focused solely on
experiences during pregnancy because this had been reported in detail by previous studies
(77,78) Views towards postpartum T2D screening only were noted for consideration in the

gualitative synthesis reported in Chapter 6.

Following deduplication, titles and abstracts of all citations were assessed against these criteria
by RebeccaVard or myself. We independently reviewed approximately 10% of the citations

to ensure agreement and refine the selection critettzen acquiredfull text articles and
recheckedhemagainst the selection criteria. Juliet UsBenith reviewed all artles that were
included and those excluded for reasons other than article type, and agreed with my

classification.

7.3.3 Quality assessment

| assessed the quality of each study using the CASP checklist for qualitative research. 1 point
was awarded to studies thmaet the criteria, 0.5 points where it was unclear and 0 points where

they did not. Scores were agrdetlowing discussion with Juliet Ush&mith.

7.3.4 Qualitative synthesis

As described previously, | used thematic synthesis to analyse the qualitatimgdi(iB). This
involved three key steps: coding the findings, developing descriptive themes, then developing

analytical themes.

Due to the large amount of data available for this review, | completed the primary coding in
two steps: firstly, data were catggsed into anticipated or experienced barriers and facilitators

to healthy diet, physical activity and participating in an intervention programme. | then
developed a coding scheme for each section based on its content. JulieiSkdiher
independently coed a subset of papers at multiple stages to check consistency. To develop the
descriptive and analytical codes, concepts were translated from one study and category to

another in order to understand the statements made. | did this by making summaries,
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comparisons and contrasts, and testing new concepts across the data. Themes were discussed

with all authors throughout.

An example of this processssimmarisedn Figure7.1.

~— T~

Primary codes Descriptive themes Analytical themes

~ —
S——— —_—— ~——— —_—

Diet
Barriers
- Caring for children
- What it means to be a mother = provide food
and do housework
- Cultural expectations of mother
Facilitators
- What it means to be a mother = provide
healthy food and set example
- Be healthy in order to be able to care for
children

Identity as mother
Physical activity and wife influence

Barriers behaviour Role as mother
- Caring for children [ and priorities
- Lack of time due to motherhood

- Cultural traditions (e.g. rest) 4

/

- Cultural expectations of mother Priorities influence
Facilitators behaviour

- Role model of healthy behaviour

- Identity as mother and carer

- Be healthy so can care for children

4

Feelings of guilt

Programmes o et
Barriers mriuence benhaviour
- Caring for children
Facilitators
- Child-friendly interventions Other descriptive themes Other analytical themes

Figure7.1: Example of the use of thematic synthesis in the qualitative synthesis of healthy lifestyle afte
gestational diabetes.

Actual andanticipated barriers and facilitators were combined in this diagram and not all codes are
presented for simplicity.

7.3.5 Recommendations for promoting behaviour change

| developed 20 recommendations for promoting healthy postpartum lifestyle based on the
findings of the qualitative synthesis. | considered which behaviour change techniques could be
used to implement them in line with the behaviour change technique taxaii®® I
assessed my confidence in each recommendation using the GRERBual apprazh (197)

and discusskthis with the other authors in order to inform the final interpretation.
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7.4 Results

7.4.1 Included studies

t o re

Alongside the other authors, | screened 23,160 citations, reviewed 129 full texts and included

21 articles. Seventeen articles were identified in the litezssearch and four were added after

revi ewi

ng
presentedn Figure7.2.

t he

reference

| i sts and revi

_5 Citations identified Citations identified through Citations identified through
§ through other sources reviewing references lists literature search
.E n=2 n=2 n=35,719
=
]
] .
- ——————— Duplicates removed
n=12,559
Citations after duplicates
removed
n=23,160
» Excluded titles and abstracts
o n=22,050
E Citations included after screening
§ title and abstract
3 n=1,110
» Excluded titles and abstracts
n=981
Citations included after screening
title and abstract (qualitative)
n=129
& > Excluded full texts n=112
= 48 not journal article
2 31 no qualitative data
M 24 no postpartum lifestyle
after GD

= 9 other
< Studies included in qualitative
= .
= synthesis
= n=21

Figure7.2: PRISMA diagram for the qualitative synthesis of healthy lifestyle after gestational diabetes.

ewer S

Appendix 9 shows the characteristics of these studies and the 926 postpartum women

represented. The median number of participants walQE1(1 to 26 per studyMoststudies

were set in highincome countriesand involvedfaceto-face interviews. Of 17 studies

specifying the timing of data collection, 12 were conducted one year or longer after the affected
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pregnancy. The study populations had similar characteristics: women in thedOsiatho
tended to be overweight and have more than one &Nitere reported, more than half of the
population in each study were employed, married and had gained a secondary education or

higher.

7.4.2 Quality assessment

| found all of the studies to be medium or good quality (mean CASP score 8.0/10), shown in
Figure 7.3. They were appropriate for qualitative methods with clear aims, results and
implications. Generally, data collection was suitable, although sometinpestant details

were missing: authors rarely commented on their relationship with participants or
implementation of ethical procedures, even though approval had been granted. Mixed methods
studies scored lower because qualitative aspects were less weledeprsupplementary to

guantitative methods.

7.4.3 Findings of the qualitative synthesis

Actual and anticipated barriers and facilitators of healthy postpartum lifestyle codes were
translated into six themes: role as mother and priorities, support fromy famdl friends,
demands of life, personal preferences and experiences, diabetes risk perception and
information, and finances and resources, in addition to a seventh section on views on the

practicalities of interventions. These are described beloveamdrarised inTable7.1.

| decided not to include a theme specifically relating to culture but discussed it in the context

of the other themes.

The studies that contributéo each theme ashown inTable7.2. Somestudies made a small
contribution to the finding§263,277,278and seven studies contributed to six or seven of the
seven themef256,257,264,265,27281) Each theme was based on at least eight studies and

all but one study reported on diabetes risk perception and information.
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B Ql Il Yes (1 point)

Q2 [ ] [ Can't tell/unclear (0.5 points)

Q3 [ ] [ ] No (0 points)

Q4 [ ]

Q5 [
Q6 |
Q7 \
Q8 ]
Q9 I
Q10 | |

0 20 40 60 80 100

Percentage of studies

Figure7.3: Findings from the Critical Skills Appraisal Programme (CASP) checklist for the qualitative
synthesis of healthy lifestyle after gestational diabetes (A) accordamrtoincluded study, and (B) overall.
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Table7.1: Summary of the thememd subthemesf barriers and facilitators of healthy lifestyle after
gestational diabetes.

Consequences for|

Theme Description healthy lifestyle lllustrative quotations
Role as Wo me mdénitywas as| Thiswasabarrier| A My chil d] already
mother and| a mother, requiring then] when giving on Friday morningsé
priorities to prioritisetheir family; | families whatthey|can do t he housewor
mostguilt was felt for wanted and not putting him in care so | carocexercise,
not doing this having time for yeah, that's (282)bi ¢
themselves, ora | . I d 5 t h
facilitator when n ono [ c ange r_ny
health was for protecting me from'gettlng_dlabetes, I d
: it so that my sonas he is learning to eat, he
recognised as |l earns to (2®t heal't
important for their
family
Support Family could provide Having support AiMaybe [you need] h
from support by reducing facilitated signiycant other be
family and | burdens and, particularly healthfulness; are eating cake and iceeam, all the stuff
friends affecting diet, providing | absence of suppofyou canét have, and
information and being | wasidentifiedas |have it i(@7)t he hous
involved. Friendscould | barrier ~
Ailf the other women
offer encouragement for others with three chilén can exercise, |
exercise and make it : '
more pleasant. with one ca@lal so c¢
Societal/cultural norms
influenced ability to have
a healthy diet
Demands | Lack oftime andenergy | This was mainly a| i | was exhausted an
of life busynessandwork barrier to healthy | guilty for being away from my child while |
influenced lifestyle lifestyle, although | was wor ki ng, s 0279) d
choices, as did how sometimes healthy Me a | ol anni e gumbet a trips
convenientand easy to | options became
integrateinto daily life it | part of daily life per week to(8hocery
was andsaved time
Personal Food played an Behaviour was AEverythingds back
preferences| importantrolein determined by been making up for lost time a little bit with
and womenbés per|whetherwomen |[all the chocol(@6e I
experiences social lives. Both diet had positive Rl f , .
and exercise affected | experiences or nel l>m not active
emotions benefitted from as wel |l W28z h things
healthy/unhealthy
lifestyles
Diabetes Women leaned about Relevant 6The women felt neg
risk diet during theilGD- information providers and were left with unanswered
perception | affected pregnancy; facilitated guestions aboyaB3)wh a
and knowledge includedisk | healthfulness; FéSo the lan is to
information | of T2D, how to prevent | absence of id of th ¢ P Kil d ret
it, repetition of message{ information was ndotthe eix ra pr:;agna_ncy ! dotshan ¢ riurn
and the need for identified as a mﬁnorm‘?‘ welgl again, and then to be
culturally-relevant barrier physical(26y) activeo
information
Finances | Resourcesvere needed | Womenthought |[Aé[ Heal t hy foods] a
and to help women sustain a| that more theydre a kind of m
resources | healthy lifestyle, and resourcesvould
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their lifestyle affected
t he f @inaricdsy 6

help them to be
more healthy

could be a bit irritating to prioritize your
money in t26dat wayéo

Al didno6t eat out a
expensive to eat out because | cut down o
my por(28d)ons o

Underlining highlights key components of the themes (subthemes).

Table7.2: Studies that contributed to each theme and subtheme in the qualitative syfthasigrs and

facilitators of healthy lifestyle after gestational diabetes.

— ) ©
[} = % -
e - X
58 |5 | 3 |_88|%Z5| 5, | &
ET | ¢ 3 sec| 982 | 28 =
Q= 5% = coQ | &s¢ oL T O
02 | 222 £ |3eg|88E| 53 | Ecz
RS SEg ) s 92| 85L = 52
Study X o n 8 E @) (SIS D) [a) £ i @ L .£
Graco 2009282) () () () ()
Doran 201Q277) o
Evans 201F283) @) @) @)
Lindmark 2010(284) ()
Razee 201(285) o o
Bandyopadhyay 201(278)

Nicklas 2011(279)
Gaudreau 2012280)
Hjelm 2012(286)
Jones 2012287)
Dasgupta 201881)
Lie 2013(256)

®- o

o0
® 000
C®

NOX |

.'O
Qe - 0 O Q: 200 - 0009 -0 00 -0 perception and

®

o
Abraham 2014257) @) [ )
Morrison 2014(252) ° o
Jones 2016288) o o O o
O6Dea (22915 . . ° ° °
Tang 2015290) ‘ ‘ ‘
Lim 2017(291) ® Y Y ®
Pennington 2017263)
Svensson 201{264) o o @) @) ([
Zulfigar 2017(265) O o O o ®
Large dot: CASP score 08.5, medium dot: 8.0 (

Open dots indicate where a study briefly contributes to the theme, or lists the theme.
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As in Chapter 6, quotations from the primary studies are presented in italicgerttbelow.
Participantsd quotations are reported in d

descriptions or explanations are reported in

In these studies, a healthier diet usually involved trying to consume morenfiwiegetables,
and | ess sugar, fat and processed félodtsaksaich
' ight mil kéwe hav-&a d(B88)ang Algoagsino womenpasnatived\arth

American people group, mentioned adapting or adding to their traditiong2 85t

Walking was the modtequently mentioned form of physical activity because it was seen as
ikt he easi est ekhecagse we doyt,adaigo to aha bathroom, to clean the
hous® (281), and several mentioned running. It was notable that no studies reported women

being able to commit to regular gym sessions or classes, but activitiagetkdtexible.

7.4.3.1Role as mother and priorities

Prioritising their children and being what they perceived to be a good mother had one of the
greatest influences on womenods views of heal

rarely the primary motivatio

Identity as a mother

Many womendés identity wasnatrasho aofmot h(2a88)f amdl p
which meant caring for their children (for exampepking, transporting older children and

nursing) and taking responsibility for providing food and doing housework. They wanted to do

a 6good jobd at this. However, carrying out
increasing their busyss, tiredness and shifting their priorities (explained in the sections
below). Specifically, many women found it difficult to exercise while a child was present
because the child demanded attention or the mother wanted to take care of them. Some got
aroundt hi s by exerci si ng gaett [htoimmeg,] fcorre aetx avnepdl eb,y
and doing squats(279) Some also thought that their lifestyle was less mamb after

pregnancy bmdoagerseen ds havinga sireal impact on the 6(264).

On the other hand, other women considered that being a good mother megatioée model
of healthy behaviour, providing healthy food and maintaining their own health in order to care
for theilr dadndtdrleahamge my eating habits] SO

diabetes; | do it so that my son, as he is learnngat, he learns to eat healthig290) and
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d o discourage At D@86 Manyovantet ® inciugle tlreb farsilesdand

children in healthier lifestyles or programmes.

Prioritising family

Similarly, womends priorities were iteifl uenc:
famil yés wants or finances. Some experienc
particularly the children, heal thy foods or

identity not to ea&tWhtah eiarr et rttdhdsn ohdrgenaghsutft choad s
changing the culture of the food? What are t

feel like they can no longer eat what they IkEB1).

When talking about participation in physical activity, this feeling was even stronger in some
women: as part of putting themselves last or forgettimgiathemselves, some even thought

that i1t was inappropriate to thi Alkmyéneasut exe
devoted to them now, and yeah, | base myself around them, what their needs are and stuff you
know. Forget about myself | ggesometimeég282)a n &i i her | have to get
and do it before they wake up or it is taking time away that | could be spending with them

(290). Mothers thought that they woube able to exercise more when their children were older

because they would be less dependent or at school, or they would be able to exercise together.

Conversely, some women in Lietald s progr amme evalwuation did
diabetes pree nt i on p Brought @abynesessidn. | forced myself a hgave fip
working on Thursdays to come to the sessi¢231)

Guilt

Probably resulting from their strong sense of identity, guilt was common across several themes.
Women felt guilty if they did not prioritise caring for their family or were away fromrth

children, such as to exercise or attend a diabetes prevention programme, and did not see this as

a |l egitimate reason to use extern@pchidhi | dcal
already goes to occasional saomainleso bcandetheday r
houseworké the thought of putting him in car
med (282) They also felt guilty tevards their wider family for inconveniencing them with
childcare when they believed €heyeshoul éhade
|l eaned on my mother a | otdoi®@90). si tting so | d
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On the other hand, others felt guilty when they did not exentiea they thought they should.

7.4.3.2Support from family and friends

In general, the presence of support acted as a facilitator to healthy behaviour whereas its
absence was barrier, e impactwas also dependent on the suppit ver 6 s own knov
and T2Drisk perception.

Support from family

Support from family involved helping with childcare or housework to reduce busyness and
tiredness, and to provide general support and encouragement for physical activity. A mother of

t wo chil[dheepantnesneidd, ti® consider that] 1 f 1 don
be too tired to actually get out for the run she actually would like to go for. | have to make sure

she getstheone hourtodoisot 6 s my r es$pomnise bpdrttryerntbmjo need
how to organise everyday life around [healthy lifestyl€d64) Families supported healthy

diet in a similar way, but wer|[dyssterktodne: sour c

60That has too much sugar a(280)andpartner8anBaitdru s e m

could join in eating healthiy because it woul débecheseficical
make two separate meal@79) In some cases, the whole fami
prioritse chi | drenés healt h. I n addition, the ber
behaviour change at home, or even é&tot dnd amar
explain to him really whatos germg omaybet i f
different (281).

Support from friends

Unlike suppat from family, support from friends acted in quite different ways for diet and
physical activity. Peopl e outléke daging@abuddyhe f a
system. | 6ve never | iked to doo@&kmndcsomee on
t h o u ¢ the gtherifwomen can do it so can I. If others witre¢ghchildren can exercise, |

with one can also chang€291) Furtrermore, exercise became an opportunity for socialising.
Women did not tend to mention that they were able to participate in exercise with their families.
Conversely, friends did not so clearly support healthy eating: this tended to be discussed in

terms ofculture, as explained below.
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Women frequently appreciated the social support received at programmes. Motivation and
accountability were experienced with regards to healthcare providers or programme
facilitators, and mutual encouragement and sharing exmas with fellow participants:

fiBeing accountable to someohdhavi ng someone to O0OReErA i nd
couple of women mentioned continuing this relationship outside of the programme, showing

how it can provide a contact for continued supf28tl) O GeDakreported that the need to

look after children or lacking childcare was the biggest barrier to attending thigldifes
interventions, that women wi tchoowltd rad tp alra wee rd «
husband hadndt &28% Consequpnplyowomenveportedfthatiinterventions

should either include the children or provide childcare.

Societd and cultural norms

Lack of support, particularly in migrant populations, could result in isolation, depression and
abandonment because women avoided eating in company or dropped their diets in certain
situations(265) Razeeet al. explained that Arabis p e a k i n dfelt wutyrbeund ta eat

whatever was offered to them when they visited their familyriends. Such cultural
expectations ficreated more problemsd even wi
helpfub(285).

7.4.3.3Demands of life

Lack of time and energy, and busyness

Women frequently reported lack of time and energy as key barridrsaithy behaviour

specifically lack of time to think about, prepare for and do physical activity and to plan and

cook healthy meals. This resulted from caring for children and doing housework, potentially

wi t hout Ysowpdpreer ts:o fib u s ythedastdhing you want toebd botheredl
thinking about is whether youd25@® Thsanayihavg pr op
been exaggerated when considering physical activity because it was frequently viewed as

di stinct from the other demands @eetasibedimng a m
(278) a n daking time ot for themselvéy282) away from children and doing housework

(their priorities). Similar views were held when considering attending a programme,
particulrly if they needed to travel or the time was inconver(28@) one women explained,

ATi me constraint is a big one. Li ke with peo

just take off and go somewhé(281)
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On the other hand, some reported physical activity becoming easier and more maintainable
when it datydhabid89rthatdvas integrated into daily life. For example, one
partialwans wal ked upstairs to change her ba
at worko(279)

Women also felt that they needed to prioritise their energy, not use it on exercise. This was in
contrast to diet because the role of a mother involved providing family meals, although many

also noted struggles with shopping with their ahilel iConfuging nutrition labels in store and

with kids pulling on you, there is no time to read labd€’79) On the other hand, some

reported the added bonussoa vi ng ti me t hr ou gtoredueeahle numbea nni n ¢
of trips per week to grocery sto@®281) Others wanted to know how to integrate physical

activity into their daily lives, and also how to save time through healthy diet such as cooking
quick, healthy meals.

Work

For similar reasons, work was only reportedaasarrier to healthy lifestyle, specifically by
increasing busyness. It also increased opportunities for unhealthy eating, such as snacking

b e ¢ a meetngsimave danishes and muffins, cheeseogat@)and in work canteens. Work

also took women away from their children, exaggerating the feelings of guilt and the desire not

to access childcare, as e X pds axhaustatl anal blieade . On

feeling so guilty for being away from my child while | was working, so | did not exe(2i&@).

Convenience

Finally, a healthier lifestyle was thought to be hdug to the convenience of and possibility

to save time through unhealthy options. For example, the convenience of having a car verses
having to walk and unhealthy f oé&a mg fihet was
pedometer] does not change anythbegause | am always in a car. | walk very little so | will

feel even guilty for not having wallk@(281)

7.4.3.4Personal preferences and experiences

Role of food
Food was considered as an important part of life. Acting as a barrier to healthy eating, it was a
key aspect of many s oc iExdrythiggrevbles aroundgood, and d c e |
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A

a |l ot of native peoples, thatodés their highl:@i
to have food to celebraa€287).

Furthermore, some womerewed unhealthy food as a pleasure, reward or comfort (e.g. home
cooking helped a South Aséfamelwoaenamsdrn vti mgy ou
t hat you stil]l have this poa265). Somedconside@ed y o u ¢
their right to eat what they wanted, perhaps as a response to the controlled pregnancy diet; for
example, the wmen in their early twenties another studgaid they were too young to be on

a restricted die{278) While they were breastfeeding, additional hunger was experienced

therefore women ate more. Some had cravings, such as for chocolate.

Oher women felt pleasure fr oThedieaplanthaglused heal t
with GD has beneyted me now as | still follc
to the good foods that | had to eat for the wellbeing of both mydrabynysefi (252).

Emotional effects

Some women reported positive experiences of exercise, which helped them to maintain it.
Exercise helped them relax or feel less stressed, energised them and helped them to eat a
heal t hy di eté.i fFdr me alfindlbdortt cdpeeas weh with things. If |

get out there and get active, feel fitter, then little things don't seem to bother me af28a¢h

Ontheot her hand, ot h er sexedcisalis sorethingel cguld hinkealxoetr c i s

more but | find it so boring(284)) or struggled to do it in winter and bad weather.

7.4.3.5Diabetes risk perception and information

Lack of information was reported in most of the studies. After the intense monitoring of
pregnancy, abarmonedr({25X%264,283) it dhyad u &r e | e fd(256)i gh an
fineglected by tathcare providers and were left with unanswered questions about what to do

nexd (283). For some, there was a lack of repetition of health messages after delivery so that
kit was so | ong a g o00(263) Cahnensedytsonmeaatee tindi thay heard e a r |
the same health messages agai @ggvemtisooli ¢oul c

knowledge it is good to hear it once mn(284)

Risk of T2D
Women in most studies reported awareness of the link between GD and T2D. However, some

women in half of the studies also did not recognise their personal (25,263
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265,279,283,284,286,2900n& woman describegaving GD as an interruption in her life

and that | ife does get back to nor mal so th
0 ndg283). This could be because they were distracted by caring for the baby so they put it out

of their minds, but it was clear that others lacked undenstt i ng; f br amxamp¥y den
Nobody in my family ever hadit aintdd §§ goi ng t o 0l280) drwaredgivano g et
incorrect or uncl ear informati oebbéefyoheal t wa

worriedé but éhe (the doctor) d¢m@@28) it i s gon

On the other hand, many women felt worried, scared or helpless because they thought T2D
was inevitabléyvyefgotekhmpl et bddebangonhngaogee
| can da (256) Ot her s t h o pogtiohe getting diabetes #rig chs pidssibie

through diet and physical activi{®64) This often resulted in a desire but not ability to make

[ i f est yl The riskodgetong 2D is im the backyour mind, you think about what to

eat and to exercise, struggling to reduce weight. It is really that simple but also 224y

Some women focused on their diet to prevent T2D because they thought that the benefits of
physical activity were mediated through weight loss alone. ©tliscussed how to have a

healthy di¢, rather than whether it was a good idea. Unlike for physical activity, many women

were able to use dietary knowledge from their GD pregnancy: some did this with confidence

after being encouraged by their GD lifestyle, whereas others were uncertainedntheis
pregnancy knowledge i n r espon sdeyotfollomstittly Kk n o wi
[t he pl an] |l i ke you were pregnant or do yol
handl ing it di fferentl yé a&@sl)lDialptes pregentionn t he
programmes were useful for learning about T2&reise, diet and weight loss.

Culturally-relevant information

Women often lacked information that was specific to them and were not able to benefit from
postpartum followup, such as how to plan and cook culturalbhecific meals. It appears that

women lecome torn between a healthier, alternative diet and maintaining their cultural identity.
Others, illustrated by the Algonquin community, benefitted from being able to adapt their
traditional diet to be healthiérfor example, switching cooking oil or ugj alterative meats.

Provision of the information was also delivered inacultwally pr opr i at eTheayay bec

adapted appointments to the Algonquin way of life: instead of making appointments for a fixed
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time and date, they intervened immediately,pditig to a culturespecific concept of time

described by the gener &@80) nf or mants as Anow

7.4.3.6Finances and resources

Lacking resources, and the need to prioritise financial ones, were frequently quoted as barriers

to healthy behaviour. A healthy lifestyle was perceived to be more expensive than an unhealthy
one: healthy food was more expensive than junk food and going to theag/mare expensive

than not exercising (particularHgalwthlkey fexd ads
not the cheap i1items; theyo6re a kind of more
prioritize youro(264) NMoeeymemtionedtthatahey were gbée to use gyms

to exerciseif gyms were available, they were seen
their children and one woman said that she ditilinot have time to use the gym even though

it was in her building279).

They anticipated that access to cheaper or free healthy food and facilities woldderttweir
healthiness. Resources such as recipes and home exercise equipment or DVDs would equip
and motivate them to be healthier. Gaudretal. found that women were able to sustain a

heal thier diet becaus eSomasidtyfwentto staurangsiessi t wa
often or ate differently when they did go o1

expensive to eat out bed@8@se | cut down on n

7.4.3.7Format of interventions

Finally, women discussed the format of diabetes prevention programmes or interventions in

five studies, and briefly mentioned it in three others.

There was no consensus of the best najd#elivery: webbased interventions were thought

to be flexible, which could address some of the time and childcare barriers explored above.
They could be used to provide support and encouragement, however others were less interested
because they wantéaceto-face contact or did not want to spend any more time on computers.
Telephone interventions were not popular, despite women inekial. finding that it was
personal and flexible to their requireme(@91) The greatest appeal of fateface group
interventions was that they could provide social support, inofudccountability, motivation

and fulfilling the social needs of women. Mental health could be a barrier to group settings

howeveri one woman reported that it was awkward to discuss depression and another did not
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attend a group because of her depress<ion.e par ti ci phaved pees ggug@st ed
person to start, to get to know each other, then use chat rooms/email to access at all times of

the nighd (279)to utilise the benefits of multiple approaches. Gratal.reported that women

could be flexible with a physifamig-friendyo@82y i ty p
highlighting their priorities.

Little was described about women @tsal.rgportedf er r e d
that interventions should start during pregnancy or immediately postpé8in which was

supported by my finding that women felt unsupported after pregnancy. Conversady alie
concluded t hat wiredawof apmprtupity foninted/ention ta prémote more

healthy eating habits(256).

Several considered that lifestyle coaches, trainers or counsellors could provide support while
medical staff were seen as a trustable source of knowledge, but the studies did not discuss who

should deliver a programme.

7.4.4 Recommendations ér promoting behaviour change

| devebped 20 recommendations for promoting healthier lifestyles after GD based on these
findings feported fully inAppendix10andsummarised ifable7.3). | mapped them onto the
behaviour change technique taxonammguggest a range of behaviour change techniques that

could be included in future interventions, if appropriate to the setting.

To illustrate, recommendation 7 (6provide g
tasty food ef fsggeaiefnitd yidrjc @ rst iav eddbn oinn it sel f b
time and money through dietary changes. The physical activities suggested in recommendation

17 could be i mplemented through d&égoal setti
personal daily w&iing targets or playing with their children at the park four times a week rather

than sitting and watching.
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7.4 Results

Table7.3: Twentyrecommendations for promoting healthier lifestyles after gestational diabedesjran
confidence in each recommendation made using the GRBBPEQual approach.

Behaviour change
techniques relevant to Confidence in evidence and
Recommendation recommendation(190) explanation

Role as mother and priorities

1. Highlight the benefits to the family 5.1 Information about healtt Moderate: Women directly or

of the mother being healthier and consequences, indirectly reported that their

role modelling healthy lifestyle to 5.3 Information about social children were their incentive for
children as the incentive for and environmental change; whether it is appropriate
change, alongside preventing consequences, for all should be considered
diabetes 10.5 Social incentive,

10.7 Selfincentive,
13.1 Identification of self as
role model

2. Include the option of childcare in  12.2 Restructuring the socie Moderate: Few studies
faceto-face interventions if environment, contributed to this recommendatic
children are not part of the sessiol 14.1 Behavioucost but some directly suggested it; it i

supported by general concern ab
children/childcare

Support from family and friends

3. Promote healthier lifestyles in the 7.3 Reduce prompts/cues, Moderate: It is clear that women
wider family (and friends) 12.2 Restructuring the socie need support for a healthy diet bu
environment few studies clearly discussed
family and friends exercising

4. Encourage the wider family (and 3.2 Social support High: Many studies explained the
friends) to promote healthy (practical), benefitsof or need for support for
lifestyles in mothers and support 3.3 Social support lifestyle change

them practically (such as relieving (emotional)
housework burdens)

5. Include the family in interventions 3.2 Social support Moderate: Inadequate data
(e.g. information or modules for  (practical), reduced our confidence thiitis
partners and children) 3.3 Social support recommendation would be useful
(emotional) to postpartum women
6. Encourage and facilitate women t« 3.3 Social support Moderate: This recommendation
exercise with others/a buddy (emotional) was developed from the general

need for support, plus a few studi
thatspecifically addressed it

Demands of life

7. Provide guidance about how to bt 1.2 Problem solving, High: Many women reported the
and prepare healthy, tasty food 4.1 Instruction on how to lack ofand need for more guidang
efficiently perform a behaviour, for having a healthy diet

10.6 Nonspecific incentive

8. Provide guidance about howto 4.1 Instruction on how to Moderate: It is clear, and stated,
exercise around the house and as perform a behaviour, that women need help to increase
part of regular daily routines 8.3 Habit formation exercise; however, there is some

10.6 Nonspecific incentive  contradictory suggestions about t
best form(s) of exercise to promof
and how
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Personal preferences and experiences

9.

10.

Support women to maintain healtt
behaviour/diet in challenging
situations’ eg. social gatherings,
breastfeeding, at work (particularl
for vulnerable groups)

Highlight the wider benefits of
healthier lifestyle (such as reducin
stress and weight as well as
diabetes risk)

1.2 Problem solving,
1.4 Action planning,
4.2 Information about
antecedents

9.2 Pros and cons,

9.3 Comparative imagining
of future outcomes,
13.2Framing/reframing

Low: Certain situations affect
womenods abtaih i
healthy diets; the best way to
address this is unclear

ty

High: Women had identified many
benefits of adopting healthier
lifestyles that helped them to
maintain them (perhaps after
awareness of diabetes risk declin
over time)

Diabetes risk perception and information

11.

12.

13.

14.

Make informationresources and
training easily accessible and mal
interventions available to start
immediately after pregnancy (or
during pregnancy)

Ensure that interventions are
culturally appropriate and
recommendations allow
mai ntenance of
Ensure that care providers consid
womenods attitud
and advise them on their risk
appropriately

Promote a longerm perspective
about maintaining healthy lifestyle
with an 6éevery
approach, rat he
not hingbé, and i
importance of both diet and activit

4.1 Instruction on how to
perform a behaviour,

5.1 Information about healtr
consequences,

5.2 Salience of
consequences

13.2 Framing/reframing,
13.5 Identity associateslith
changed behaviour

5.1 Information about healtr
consequences,
5.2 Salience of
conseguences

5.1 Information aboutealth
consequences

High: This recommendation
resulted from many studies that
were in agreement, with few
exceptions

High: It was clear that women
wanted culturallyrelevant
interventions and that they were
beneficial to those who received i

Low: This recommendation is a

step on from wo
towardsbehaviour change and the
clinician

Moderate: Paucity of data has
reduced our confidence in this
recommendation

Finances and resources

15.

Provide information about lowost
or moneysaving healthy
behaviours and resources;
interventions should be free

4.1 Instruction orhow to
perform the behaviour

High: There was agreement acro
studies but this was not reported
detall

Format of intervention and other

16.

17.

Recommend increasing fruit and
vegetable intake, reducing sugar
and substituting with healthier
ingredients omethods to improve
diet

Recommend flexible exercise suc
as walking and those performed
around the home or with the baby
to increase physical activity (rathe
than attending gyms or classes)

1.1 Goal setting (behaviour)
1.4 Action planning

1.1 Goal setting (behaviour)
1.4 Action planning

Moderate: Several studies briefly
reported women being able to
makes these changes

High: Women across several
studies reported how and why the
did these types of exercises
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7.4 Results

18. Ensure interventions have web 6.2 Social comparison Low: There was no agreement
based componenksit encourage across studies; this
additional faceto-face contact recommendation attempted to
(they should not depend on wome consider what women wanted but
attending sessions) also what was most praciic

19. Deliver and promote interventions 9.1 Credible source Low: Preferred source of the
from recognised/trusted sources intervention was not discussed;
(e.g. the healthcare provider or a however women reported benefits
dietitian) from their interactionsvith various

professionals

20. Promote establishment of system: 2.2 Feedback on behaviour, High: Accountability facilitates

to monitor progress and 2.3 Selfmonitoring of behaviour change, but the best w
accountability (through an behaviour, to promote this remains uncertain
intervention or ensure the 2.4 Selfmonitoring of

participant establishes this outcome of behaviour,

themselves) 3.2 Social support (practical

Recommendations frequently result from findings within multiple themdsabetbeen presented under t
primary contributing theme.

| had high confidence in eight, moderate confidence in eight and low confidence in four
recommendations in the GRABEERQual evaluation. The recommendations were based on
many gooequality, relevant studies; confidence was therefore largely influenceahieyance

and agreement between studies and richness of the data. | tended to have higher confidence
about information that women wanted and the need for support and accountability, but lower
confidence in recommendations about equipping women in situatiais as at work, the
behaviour of friends and family (other than offering support) and interactions with
professionals because continued contact is not common. | felt that it was important to adapt
interventions to the target population and facilitate ifigffriendly changes because the

mot her 6s own diabetes risk was wunlikely to
for her children. Some of the most beneficial aspects of groups (such as forming supportive
relationships) mean that they are impiea for most to commit to in the lorAgrm.
Consequently, a combination of approaches could be most appropriate: for example, online
information, targesetting and accountability plus options to arrange video calls with
healttcare professionals suchdisticiansand connecti ons with | ocal
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7.5 Discussion

This review shows that adoptiagd maintaining healthy lifestyle after a pregnancy affected

by GD is complex. An identity as a mother who prioritised family above herself influenced
manywomenoés ability to care for their own hea
energy, information and support. Taking into consideration the significant impact that having

new children has, these barriers frequently appeared to outweiglentevpd benefits of
behaviour change by those maintaining established unhealthy behaviours, particularly when a

negative effect on famillife was anticipated.

Influences on the two key behaviours were similar. One difference was that diet could be
adaped because meal preparation and eating were already necessary, whereas exercise was an
additional task. Some influences were both positivity and negatively reported: for example,
lack of culturallyspecific information inhibited healthy diet (informatioa a barrier) plus
guidance about adapting traditional foods helped women to make changes (information as a
facilitator). In contrast, some facilitators were only anticipated: for example, women suggested

giving gym passes to increase exercise, but norwtegpregularly using the gym.

7.5.1 Strengths and limitations

This is the first comprehensive qualitative synthesis to focub@wiews of women with a

history of GD on having a healthy lifestyle and to make clear recommendations for
implementing the findingsAlongside a multidisciplinary team, | conducted a comprehensive
literature search and thematic synthesis to identify repeated themes across studies and
recognise those that may have previously been overlooked. Concurrent comparison of positive
and negatie influences and different behaviours permitted a more representative
understanding than if barriers and facilitators had been analysed separately. | observed diverse
perspectives and variety between and within study populations (such as ethnicityycrotsal

other children and family members). Congruence betweendighty studies increased my
confidence in my recommendations, which | transparently evaluated using GRERRual

and linked to standard behaviour change techniques.

There are also limdttions. | was not able to specifically investigate how experience of

pregnancy, such as struggling to manage blood glucose control through lifestyle modifications
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or feeling guilty for having G¥78), influenced postpartum behaviour based on these studies.
Furthermore, | did not distinguish between timepoints but collated studies that collected data
from six weeks to ten years postpartum, therefore couldexyibre changesover time as

reported by Hjelnet al. (286) Most data were from educated or employed women recruited

from medical settings in developed countries, meaning thatobabty missed some
experiences of motherhood (although the populations were quite different, as discussed).
Although it is possible that participants felt that mental health did not influence behaviour, it

is also possible that they avoided this topic #mak women experiencing mental health
difficulties did not participate in these studies. | did not access the primary data therefore was
reliant on how the primary studiesd authors
examine quantitative litenate. Barriers made the greatest contribution to analytical themes,
perhaps because they were emphasised by researchers or respondents. Fewer studies reported
experiences of diabetes prevention programmes but they were consistent with other themes.

Although the studies were good quality, quality did affect the results of the synthesis and
recommendations. Authors rarely adequately considered their role as researchers, which could
have led to bias in the formation and evaluation of research questions &ldissicability

bias among respondents. Furthermore, although I did not influence the participants or original
analyses, my analysis was inevitably affected by my own preconceptions. In recognition of
this, | developed the coding frame from the studyifigd in order not to impose a framework

from the review question, used structured CASP and GRBERQual checklists, and all

authors discussed the themes and findings.

7.5.2 Comparison to other literature

7.5.2.1Related literature reviews and quantitative studies

Whilst my findings broadly agree with previous literature reviews, | have added more studies
and data, descridghe phenomena in more detail and put forward recommendations resulting
from the findings. In 2014, a mesynthesis found that, in the context oéyenting diabetes

in the future, women prioritised children and families and listed barriers and facil(tafgrs

They noted that few studies contribaditi® this whereas I identified 11 studies published since
their search. Two other reviews, which had a greater focus on healthcare seeking, commented

that many women have knowledge regarding diabetes prevention that affects their desire to
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live healthily (87,147) They also list numerous barriers, including some that | found less
emphasis on such as poor body image and an unsuitable neighbourheeis a growing
recognition of the important influence that the environment exertsopnlation diet and

activity. It is likely that women with a history of GD are subject to this influence to some degree

and that interventions are likely to be more effective in a more supportive environment.
Consistent with my findings, a discussion ofeaent symposium (where speakers presented

their experiences in Denmark, Australia, Canada and Ireland) concluded that postpartum
behaviour is affected by womends beliefs abo
the cost to their familyand that healthcare systems gave disjointed care so women lack
information(292)

My recommendations are comparable to those
MAMAOG i nt @93ylethat studynfocus groups (including overweight women or those
with GD), alongside experts, were used to adapt the DPP to Latina women through the
behaviour change whieigamework. In the adapted programme, techniques such as modelling
narratives and rofplaying were used to help participants overcome barriers to behaviour
change through automated weekly telephone calls and coaching. The initial evaluation of the
intervention was positive, with participants engaging with the telephone calls and the health
coaches giving individualised tigg294) Sharing information about GD follewp and more

general postpartum support was a key element of this intervention, which may be less effective
in populations with higher health literacy.

7.5.2.20ther populations

There are also similarégs between the experiences and needs of women with GD and those
with normoglycaemic pregnancies. Postpartum mothers in the general population also report
barriers to physical activity including lack of energy, time for housework and the responsibility
of childcare(295,296) In Gracoet al, women with GD did not wdro be seen as a separate
group but to attend classes with mothers who had had a normoglycaemic prég8andhis

raises the question of whether intemions should be specifically targeted at women with
previous GD or mothers seeking healthy lifestyles in general.

In a letter to a journal, Liret al.compared my publication to their own systematic review that
looked at characteristics of weight manageminterventions in postpartum women without

GD, with the view to inform implementatiof297,298) They introduced the Consolidated
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Framework for Implementation Research (CFIRY9) in which interventions have core
components (such as those identified in other populations or systematic reviews) and an
adaptable periphery that is populatiand contextspecific. The format and timing of the
intervention were suggested to be part of the periphery that could be adapted to women with a
history of GD. They also highlighted the important role of the healthcare provider as a trusted

source of informabn in both groups of mothers.

My results also broadly agree with determinants of healthy behaviour and corresponding
intervention approaches in the wider adult population, where the behaviour change techniques
of goal setting and sethonitoring of behawiur have been suggested to be effed®a®,301)
Nonetheless, there appears to be a different emphasis: mothers with previous GD appear to
weigh relational factors (like the possible impact of their behawnwthers) higher than other
populations, and place less emphasis on environmental factors and personal health benefits.

7.5.3 Implications

As outlined inTable 7.3, this qualitative review informs approaches for promoting healthier
lifestyles among this populationThese recommendations could be used to develop new
interventions or adapt existing ondsor example,althoughthe DPP intensive lifestyle
interventionwas effective, it may be difficult for womeio commit tobecause it includes
repeated faceo-face meetings with a case manad€3) Indeedjt has already been adapted
for the STAR MAMA intervention by using telephone calls including rgeorded education
and supportive narratives so that women could engatiethe intervetion in their own
languagdrom their homeg294) Total diet replacement and stepped food reintrodudti@n
population with diabetes (DIRECT trial) resulted in diabetes remission in half of their
participantg302), but a diet that is so controlled art
not be attractive to mothers. Wehsed interventions with additional fakeface or remote
supportfrom a nurse (POWeR+ trial) have led to weight loss in the general populz®idh

and could be adapted to meet the specific requirements of this population.

| have also identified areas that needHartresearch. Despite including a number of recent
studies, | was not able to examine the use of technologies like smartphone applications and
social media, which is growing across the world. In a study that was published after we

conducted our literaturgearch, participants suggested that more support should be provided
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via online forums and information on general practice web§&@4) The authors repat

that technology could provide information, enable personalisednsgihgement and meet
social needs, with flexibility noted as a benefit. Additionally, | was unsure whether promoting
change in the wider family would specifically facilitate mothersedbalthier based on this
review. However, the risk of diabetes is higher in partners and children of mothers with GD
(305,306)and maternal behaviour strongly correlates with childhood ol@§i®)therefore it

should be carefully considered.

Furthemore, how best to apply these recommendations should be given careful attention. For
example, tailoring for working and single mothers or those experiencing postpartum mental
health disorders, and the appropriateness of additional behaviour change tfsuoicju as
614. Schedul d®)consequencesob

7.6 Summary

Maintaining a healthy diet and regular physical activity after GD can help women mitigate their
futurerisk of developing T2D. In this chapter, | sought to understand the influence taeegmlif
factors had on lifestyle choices in this population and corresponding approaches to support

them using a systematic review and qualitative synthesis.

| found that many factors make it difficult samlopt and maintaihealthy lifestyles after GD,

yet how women interpret these situations can motivate or prevent changes that reduce their

di abetes risk. Womends needs and experiences
to promote healthier lifestyles. | made key recommendations based onessy/nftyualitative

data that will inform the development of feasible interventions, or atilapof existing ones,

to educate and support women in achieving and maintaining a healthy postpartum lifestyle in

order to reduce their risk of developing T2D.

Together with Chapter 6, these findings informed the interview study reported in the next
chapter in which | sought to understand the attitudes of a local population who had recently
had GD towards healthy behaviours to previg2id, with a focus on their e for additional

support.
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Diet, Activity and Screening after gestational diabetes: amterview Study

In the final study of my thesis, | extend the findingsyof previous systematic reviewith
primary researchUsing qualitative interviews, | wanted to understand the experiences of
women with recent GD and their views towards potentidrventions in order to develop

practical, appropriate and useful approaches to improving postpartum support.

In this chapter, | report the findings relating to healthy diet and exercise, and attending diabetes
screening tests concurrently. This follows tsequence of the interviews and facilitates a
broader overview and discussion of the views of these participants. Nevertheless, | will submit

the findings for publication as two papers.

8.1 Background

As | identified in Chapter 4, development of T2D after (S[& serious problem that tends to

be underappreciated by mothers and clinicians. Screening for the anticipated glucose
intolerance after pregnancy is important to reduce exposure to hyperglycaemia and hence
reduce risk of longeterm complications. BMIS a modifiable diabetes risk factors that is
associated with 18% higher diagnoses for each unit higher BMI, highlighting the importance

of weight management through diet and exercise.

In the UK, screening should occur at around six weeks postpartum, ddlloyifelong annual
screening in order to monitor glucose levels and to identify those at highest risk of progressing
to diabetesand with prevalent undiagnosed diabd®sFPG tests are recommended up to 13
weeks postpartum, and HbAests should be used thereaf@x. Short term followup in the

UK has been reported between 19% and §058,154,240,2410and Chapter 5), with even
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lower annual rates thereaff@64,155) In the qualitative synthesis reported in Chapt@0®)

| found that womends experience of the healt't
opportunities and motivation to attend testifigey understood the importance of testing based

on the maternity care received; were put off by an unpleasant procedure that could be
inconvenient to attend; were focused on childcare; and had varying levels of concern about

T2D that could increase or dease motivation to attend testing.

In addition, most womeneitherdo not attempt oareunable to sustaibehaviour changes to
reduce modifiable risk factgrinstead manymaintain lifestyles that increase their diabetes

risk (172). Existing behaviour change interventions have had positive effects butipact

has been limited due to poor engagem€hBa 168) In the second qualitative synthesis in
Chapter 1209), | found that after GD, women identified themselves primarily as mothers who
prioritised their family above themselves. This motivated some to adopt healthy diets and to be
active, whereas this identity plus a need for resources, time, energy, information and support

prevented many others from making changes.

Based on the findings ohe literature reviews, | developed recommendations for promoting
healthy lifestyle and attendance at screemifigr GD [Table6.2 andTable7.3). | evaluated

my confidence that these recommendations were suitable according to the literature, but
understanding theiews of women living in the UKvas identified as an area requiring hut
investigation, such as what they would emphasise as most beneficial to them and how to deliver
such interventions. Furthermore, | was not able to identify how personal circumstances or

characteristics may influence behaviour after GD.

8.2 Aim

The objectiveof this study was to explore and develop practical approaches to promote
behaviour changes in women who have had GD that would reduce their risk of going on to
develop T2Dand of prolonged exposure to hyperglycaenihis focussed on adopting a

healthy Ifestyle (in terms of eating a healthy diet and being physically active) and attending

regulardiabetes screening
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The aims were:

1. To understand how GD has or has not af f e
physical activity;

2. To under st an dowardsmakng changes te ther lifestyle after GD,;

3. To understand womendés views towards atten

4. To elicit womendés evalwuation of strategi
activity levels;

5. To elicit w onnoé strategiese for gptomatirig i attendance at diabetes
screening;

6. To explore their preferences for delivery of these messages.

8.3 Methods

The methods are described in detail in Section 3.3. The relevant study materials are presented

in Appendces 1to 4.

8.3.1 Recruitment and inclusion criteria

Research staff from the Rosie Hospital and Peterborough Hospital identified eligible
participants using their medical records and sent them an invitation and information sheet.
Those who were interested in taking parjpexled to the research staff, who passed their

contact details onto me to arrange the interview.

We invited participants who were:
1 Diagnosed with GD during any previous pregnancy;
1 12 weeks to four years postpartum;

1 Over 18 years old.

We did not invite thas who:
1 Would be unable to give informed consent or were considered unsuitable to take part
for any other reason at the discretion of the hospital research staff;
1 Did not have a successful, uncomplicated -fetin pregnancy at the discretion of the
hospitd research staff;
1 Had a diagnosis of T2D or T1D before GD;
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1 Had participated in a pregnanmiated intervention.

8.3.2 Semktstructured interviews

| interviewed each participant fate-face at a time and place of their choice, with their child
or children presénif preferred. The interviews were audiecorded after the participants

confirmed they understood the plan and purpose of the interviews, and gave informed consent.

Each interview was guided by the interview schedlable 3.5). | began by introducing
myself and the purpose of the interview (an opportunity for them to share their experiences and
opinions). Initially we discussed their experience of Gihen invited them to describe their
current eatingaind physical activityhabits, whether they felt thétieir previousGD diagnosis

had influencd their diet and physical activitgnd any preferences for support that would help

or have helped them teelhealthier. These questions were then repeated for attending diabetes
screening: whether they had attended, plans for future screening, and what might help them
attend. | first asked if they had any ideas for support, then sought their opinions on 20
suggestion cards (if | considered this to be appropriate according to their earlier responses) that
were based on the findings of the qualitative literature revi{@mapters 6 and){208,209)

The interview ended with a short demographic questionnaire. | then recordetbfesd

8.3.3 Analysis

The interview recordings were transcribed, then | checked the transcriptions for accuracy. After
the first few interviews, | began analysis using a framework app(@46t211) This involved
familiarisationwith the data, identifying a thematic framework, coding, charting, and mapping

and interpretation.

| used NVivo 12 for the coding and charting stages. The thematic framework, including 62
codes in total, iseportal in Table 3.6. RachelFox also coded and charted four interviews.
Table 8.1 shows a samplef one of the 21 charts. These included general comments on the
topic (to give the context for each response), their prompted response to the corresponding

suggestion card(s)nd any relevant unprompted suggestions that the participant initiated.
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Table81:Excer pt

from the

the DAISIeS study

chart i

nformati on

and u

06. General comments

07. Prompted #
More information
about the impact of

08. Prompted 2
More information
about the impact g

09. Unprompted
suggestions

hence why | ate all

those Easter eggs. |
probably would have
onlyeaterh a |l f .

healthy diet/exercisg healthy diet/
on your diabetes risk exercise on your
wider health
Rachael Has diabetes in the family, s Agreed- always Agreed? Finds tha| None.
Age:Alyrs | awareworried about prevent|welcome to receivin{ exercise and yoga
Med: Yes ion. Especiallyworriedher | more and new are good fostress
PPtest Yes children will develop it. information (e.g. relief and help you
Ethnicity: W Frustrated that she might ge influence of lose weightdo.
T2D whenis carefulto look | processed food is bi
after herself wants to do at the moment).
what she can tarhit it. Is
there anything else she shol
do?
Suzanne Did lots of their own researc| Helpful for a health | Agreed. Wanted this
Age: 31i 35 yrs | and are now more health | professional to information to
Med: No conscious and changed thei| reinforce that include more
PPtest Yes lifestyle. Especially after the|information. specific advice
Ethnicity: A first 2 months, because whe about exercise
her baby was littler, she wag (e.g. how
too busyjust trying to brush strenuous the
her teeth. Important for her t exercise peds tg
take time to be healthy. be, about rice).
Kimberly At the start of the interview, | il00% it would Feels that there is|Had a long
Age: 31i 35 yrs | she was more concerned |hel p. . . | |already lots of discussion abou
Med: No about being healthy to prevg know | had an advice availablé |T2D7 she asked
PPtest Yes cancer. increased risk, to be|less important in | lots of questions
Ethnicity: W honest | di dsupportfor GD. |as she hathe
anything... Well impression thy

were isolated.
Definitely wans
more infoif
there is a link.

A: Asian ethnicity; med: medication for GD; PP: postpartum; W: White European or British ethnicity; yi

years.

Figure 8.1 illustrates the relationship between the recommendations developed in the
gualitative syntheses, the interview schedule suggestion cartisesthématic framework. For

example, the first recommendation for increasing uptake of diabetes screening after GD in the

gualitative synthesis was Oeducate clinician
and postpartum/ s whbte endestand whethex the paidicipants el thag it

was important for their clinicians to promote screening during and after GD (that is, whether it
would be beneficial to educate the clinician
testsdur ng pregnancy6. Al ongside reminders for t

where some participants appreciated that their postpartum test was booked during pregnancy.
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