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Abstract

Background:

Maternal nutrition is essential to the well being of mother and baby during pregnancy and beyond.
It is necessary for effective placental accretiémetal growth and development and optimal
pregnancy outcomes. Adequate nutrition becomes even more critical when pregnancies are
complicated with diabetes of any type which includes type 2 diabetes mellitus (T2 DM) and
gestational diabes mellitus (GDM) Complementary to other lifestyle factpraitrition forms the
cornerstone for dgeving euglycemia to redugmtentialmaternal and foetaisks associated with

diabetes in pregnansuch as macrosomia, hypertensive disorders and preterm birth

T2 DM ard GDM are charaetised by insulin resistancehigh affects effective beta cells function

in the secretion and synthesis of insulin. Additionally, reduced levedsashidonic acids (AA)
(omega 6 fatty acids) and docosahexaenoic acids (DHA) (omega adaisyhave been found in
maternal red blood cells in pregnancies complicated with diabetes. AA and DHA cannot be
produced by the body and must be ingested by the mother. Foetal demands for these fatty acids a
high and these are transferred by places¢déction from maternal to placental circulatitinis
reported that diabetes impairs the activitydefta6 and delteb desaturass which areenzymes
necessary for the synthesis of AA & DHRecent studies have reportgEdnificantly lower levels

of AA & DHA in the red blood cells of pregnant women with GDM and T2 DM, resulting in a
depletion in placental uptake and transfethafse fatty acids to the foetus and adequate supply for
the motherwhich if remains untreated, may have adverse impact orrmajtéoetaland neonatal
health in the shortand longterm. Therefore, women in these high risk groups need to effectively
engage withhealth care professionals (HCPs) involved in their care and the services offered to

them.

Insulin therapy andupplematation with these essential fattgids may correct this depletion.
However, the impact on pregnancy outcome remains unknblemham is one of the most
deprived boroughs of London and has a high prevalence and incidediadetes Therefore by
evaluatng the pregnancy outcomes of women with T2 DM and GDM after supplementation with
essential fatty acids (EFAghe local service needs would be bettederstoodandvital answers
would be provided to optimise the pregnancy outcomes forctl@at-group which already has

complex health needs
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Aims

This study investigated

(1) Sociecultural and economic factors which influence engagement of pregnant women with
health care professionals; (2) The impact of early detection of gestational diabeites f&DM)

on pregnancy outcome and postnatal maternal health; and (3) The effect ofifatiyaacid
supplementation on the outcome of pregnancy in women®iti and (4)type 2 diabetes

Method

Pregnantvomen 1745 years withdiabetes (T2 DM and GDM)na without diabetes and booked at

Newham University Hospital were recruitddring antenatal or home visits.

In Phase 1 of the study, diabetic (n=594) and-diabetic (n=243) pregnant womerere recruited
during antenatabr home visits in the first, send and third (up to 32 weeks gestation) trimesters.
Detailed demographic, soetultural and economicada and the interactions womenwith HCPs
andreasons given by woméor their engagement or nangagement with HCRsere collected

using a questioraire developed for the study.

In Phase 2, ggnant women diagnosed with GDM before 24 (n=212) and after 24 (n=226) weeks
of gestation were recruited after diagnosis on O@nd up to 32 weeks gestatidbemographic,
sociacultural, economic and clinicaind obstetric data wereollected from hospital records and

from the participants witthe use of a questionnaire.

One hundred fifty (n=149) women diagnosed with gestational diabetesregerreted up to 32
weeks gestation anchandomised and given DHA (n&Y or high oleic acid sunflower seed oil
placebo (n=74) supplement until delivery, Phase 3 Comprehensive data was collected on
diabetes management regimen, pregnancynplications (preeclampsia, miscarriage, preterm
labour, etc.)foetal outcomgpremadurity, macrosomia, low birth weight, neonatal admission to
special care baby unit, etc.) and postnatal glycaemic stAtsg, detailed demographic, soeio

cultural and economic information was gathered with a questionnaire designed for the study.

In Phag 4, pregnantwomen with type 2 diabetes (n=96) were recruitpdo 17 weeks gestation
during their antenatal visits. They were randomised into two groups and given DHA (n=47) or high
oleic acid sunflower seed oil placebo (n=49) capsules until delivémyilagBy, their matching
controls (nordiabetics) (n=89) were also recruited in the first trimester on their maternity booking

appointments or on antenatal clinic visits, and randomised and given DHA (n=40) and placebo
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(n=49). Demographic, socitultural, economic and maternal and foetal outcomes were collected

and documented rigorously, using a questionnaire designed for the study.

Results
Phase 1

Socice conomi c, cul tur al and demographic factor
on whether omot to engage with HCPs. For Asian Muslims, strong decisiaking indicators

were their ability to speak Englisp €0.00), husband and/or family involvement €0.000Q and
adequate time to make a decision. Being a singlgter® (001, nonAsian @ <0002 Christian p

<0.00) enabled a prompt response to engage. Professional women and those in intermediate job

(p <0.026 and women whose partners were similar jabs@.00§ engaged better with HCPs.

Engagement with HCPs reduced the development opkoations in pregnancyp(<0.00) but

had no positive effect on birth outcome. Stillbirth, neonatal death and miscarriages were more
common among engaged women. Nmmgaged women had more term babies and reduced
incidence of preterm births and hypertemsidisorders (PIH, preclampsia or eclampsia) (
<0.00§ Engagement made no difference to onset of labpur 0.283, mode of delivery g <

0.366, and neonates admission to special care babyurit)(400. Low birth weight infants and

macrosomia waspproximately twefold higher among neengaged womerp(< 0.037.
Phase 2

Family history and BMI O30 were strong indic
(GDM) (p <0.29). Women diagnosed with GDM <24 weeks gestation had better pregnancy
outcomes than women diagnosed >24 weeks gestation. Women who were diag@bseeeks
gestation, premature birth was 13% (26), other groups 3.6% (7) {stillbirth 1% (2), neonatal death
0.5% (1), miscarriages 2% (4)} and the remaining 83% (163) delivered at full term. For those who
delivered after 24 weeks, 84% (182) deliveretulitterm with 17% (36) delivered prematurdly
<0.014. Of those diagnosed before and after 24 weeks gestation, 1% / 2% had macrosomia, 12%
8% low birth weight and the remainder were normal 88% / 90%, respecfivet().380. Post
delivery, of women wth GDM diagnosed <24 weeks, 25% had abnormal OGTT of which 12 %
were diagnosed with T2 DM. In the 024 weeks
glucose tolerance (IGT) (blood glucose between 7.8 & 11.1mmol/l after 2 hours glucose load) or
impaired fasting glucose (IFG) (fasting glucose >6.1mmol/l). Overall, twiwty(16 %) were
diagnosed with T2 DM and 23% had either IGT or IFG on postnatal OG®0.010.



Phase 3

The demographic and clinical characteristics of the women in the supplemamiedion
supplemented groups were similar. Om8datty acid supplementation had no effect on maternal
and foetal health and pregnancy outcomes and postnatal glycaemic control of women with GDM.
There was no difference in onset of labgu(.32§, inducton of labour p <0.368, reasons for
induction ¢ <0.616, caesarean section rateg €0.294, prolonged pregnancyp(<0.289,
reduction in pregerm birth  <0.096, macrosomiaf <0.124, low birth weight infantsg <0.124,
hypertensive disorders ofgmnancy | <0.829 and postpartum glycaemic contrpl €0.485. The
incidence of stillbirth (n=1), miscarriage (n=1) and neonatal death (h=1) was found only in women

without active treatment, but this was not statistically significartQ.098.

Phase 4

Fish oil supplementation had a positive impact on birth matysityQ{005 andreduced préerm
births  <0.01). Less neonates were admitted to SCBU among women with T2pDd0.017,
andhad elective caesarean sectigns(Q.007. The overall caesareaction rate was also reduced
and this was nearing significamt<0.060 Fish oils supplementation had no impact on reducing the
rate of induction(p <0129 and admission to SCBW (<0.678 and birth weight ff <0.932.

Glycaemic control was also not iniad by fish oils supplementati¢p<0.255)

Conclusion:

The findings of this study have demonstrated that NICE current guidelines on screening for the
early detection of GDM are inappropriate for use in communities like Newham with a high
disposition ofDM. In communities like Newham which are genetically susceptible to T2 DM, risk
factors for early screening for GDM shouldbbea mi | 'y hi st ory of djaabet
well as previous history of GDMEarly detection of GDM within these groups will facilitate the

reduction of adverse birth outcomes.

Results from this study also demonstrated that some benefits can besddloen taking fish oils
in pregnancy, particularly among women with T2 diabetes. Although some pregnancy outcome
measures were not improved, fish oils supplementation as an adjunct management option fot

diabetics should be considered but further evideneeded to substantiate these findings.

To optimise maternal and foetal outcomes, women with diabetes in pregnancy need adequate an
flexible holistic care options, to enable them to make informed choices that would be in the best

interest of them andhéeir babies.
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Abbreviations

AA arachidonic acid

BAME Black, Asian and Minority Ethnic

BG blood glucose

BGLs blood glucose levels

BMI body mass index

CS caesrean section

DCCT diabetes control and complications trial
DHA docosachexaeonic acid

DSM diabetes specialist midwife

DSN diabetes specialist nurse

EASD european associationrfthe study of diabetes
EFAs essential fatty acids

EPA eicosapentaenoic acid

GBP greatBritish pounds

GDES gestational diabetes education session
GDM gestational diabetes mellitus

GPs general practitioners

HAs health advocates

HLE healthy life expectancy

HBAlc glycadged haemoglobin

HDL high density lipoprotein
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HCPs
IFCC
IoL
IUGR
LA
LCPUFA
LDL
LMU
MMR
NEFAs
NICE
NUH
02
ONS
OGTT
PE

=
PIH
PIL/s
PUFA
RCTs
SADC

SBGM

healthcareprofessionals

international federatioof clinical chemistry
induction of labour

intrauterine growth retardation

linoleic acid

long chain polyunsaturated fatty acids
low density lipoprotein

London Metropolitan University
Maternity mortality ratio

non-esterified fatty acids

National Institute for Health and Care Excellence
Newham University Hospital

oxygen

office of national statistics

oral glucose tolerance test
pre-eclampsia

ponderal index

pregnancy induced hypertension
patient information leaflés
polyunsaturatethtty acids

randomised controlled trials

specialist antenatal diabetes clinic

self blood glucose monitoring
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SCBU

SD

SFA

SFD

T1 DM

T2 DM

WHO

UK

special care baby unit
standard deviation
saturated fatty acids

small for dates

typel diabetes mellitus
type 2 diabetes mellitus
World Health Organisation

United Kingdom
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Operational Definitions

Abstract

A brief description of a completed or propds study;
usually located at the beginning of stedyjournal article.

Advocacy

Help given to patients by an advocate who can be a fe
member, friend or independent representative, to er
them to know the services that are available to them,
rights and entitlement and support to enable them poesz
their opinions and make informed decisions.

Advocate

A family member, friend or independent representative w
has been given the authority to act on behalf of patients.

Afro -Caribbean

Refers to women oifrican or Caribbean origin.

Alpha-linoleic acid

An omega3 fatty acid found irplantbasedseeds and oils
from foods like flaxseed, walnut, soy, chia and hemp.

Amino acids

The building blocks of proteins.

Anabolic state

A state where the body builds and repairs muscle tissues

Anaemia

Refas to iron deficiency anaemia. Anaemia is the redu
level of red blood cells in the blood to carry oxygen to
tissues of the body. The deficiency can be treated with ir

Analysis

A process of organising and synthesizing data in such a
that resarch questions can banswered,and hypothese
tested.

Antenatal

Refers to the period of pregnancy form conception
throughout to before birth.

Antepartum

Refers to the period of pregnancy form conception
throughout to before birth.

Apgar scores

Scoring system used to assess newborn at interval of 1,
10 minutes after they are born. The maximum score is 1
A total of 2 is awarded for each for the following: A

appearance,-Bulse, G grimace, A activity, R- respiration.
Low APGAR may imlicate that the baby needs special ca
intervention.

Applications

The tasks that computers can be used to perform (e.qg.
processing, database management, statistical analysis).

Arachidonic acid

A polyunsaturated omega fatty acid found in the
phosgnolipids of membranes of the cells of the body. |
abundant in the brain, muscles and liver. It can
synthesised by linolenic acid.

Asian

Refer to wvomen ofPakistani, Bengali, IndignChinese anc
any other Asian background.

Assisted delivery

Any delivery conducted vaginally, aided by the use
instruments, such as vacuum extractor or forceps.

Any delivery conducted vaginally, without the aid w
considerediormal

Autoimmune

Relating to disease caused by antibodies or lympho
produced agast substances naturally produced in the bo
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Bias

Any influence that produces a distortion in the results
study.

Birth maturity

Delivery or birth from 37 to 42 weeks of gestation.

Blinding The concealment ahe trial drug the subject of a sy is
taking from one or more individuals egesearchsubjects
andinvestigatorgkesearchers.

Booking Also referred to as the booking appointment in which

women enters the maternity care pathwidhe first antenata
appointment a pregnant woman hagh her midwife in
which comprehensive history is takdrom the woman tc
plan her pregnancy care.

Caesarean section

A surgical procedure used to deliver a baby through inci
in the abdomen and uterus.

Caesarean section
planned / elective

Booked dited for delivery by caesarean section, whats
the reason/s.

Caesarean section

Delivery by caesarean section resulting from women stal

emergency requiring immediate intervention.

Candidiasis A fungal infection caused by a yeast candida

Cardiotocograph An electronic foetal heart monitor

Cellulitis An infection caused by bacteria getting in the deep layer
the skin.

Clinical Formed in 2010 and consistss&veralGPs and other healt

Commissioning
Group

professionals who are responsible for pluechasing of
healthcare.

Co-morbidity The relationship between two or more diseases or
conditions.

Congenital Any malformatiorfs) discovered prior to or immediate

abnormality after birth.

Constructivist

One who believes that people actively congtroc make
their own knowledge and that reality is determined by
experiences as a learner.

Cortisol

A steroid hormone often (
hor moned which is designe

Data collection

The gathering of idrmation needed to address a rese:
problem.

Data entry The process of entering data onto an input medium
computer analysis.

Deductive The process of developing specific predictions from geng

Reasoning principles

Delivery The birth of the blay.

Demography Themakeup of a popul ati on .sex(
religion, nationality, culture, etc.

Dependent The outcome variable of interest; the variable tha

Variable hypothesized to depend on or be caused by another val

theindependenvariable.

Deprivation

The state of poverty
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Descriptive Research studies that have as their main objective the

Research accurate portrayal of the characteristics of persons,
situations, or groups and/or the frequency with which cef
phenomea occur.

Diabetic fetopathy | Features seen in the hyperinsulinemic foetus of a diabet

mother which includes macrosomia, postnatal
hypoglycaemia, polycythemia etc.

Diabetic status

The type of preexisting diabetes condition (Type 1 or Ty
2) or whethedeveloped during pregnancy.

Docosachexaeonic
acid

An omega3 fatty acid that is a primary structural compon
of the human brain, cerebral cortex and retina. It cal
synthesised by alpHaolenic acid.

Double blind

A randomised clinical study in which the subjects and
researchers ar@naware 6 what groupthe subjectsare
allocated, that is,the experimentaltreatment (standar|
treatment) or the placebo group.

Eligibility criteria

The criteria used by a researchedésignate the specific
attributes of the target population and by which participa
are selected for participation in a study.

Embryo

The unborn infant in thprocess of development in utero.

Empirical evidence

Evidence that is rooted in objectivealigy and that is
gat hered through the <coll
used as the basis for generating knowledge.

Empiricist One who believes that knowledge is based on exper
derived from the senses.
Epigenetics The study of changes in orgams caused by modificatic

of gene expression rather than the genetic code itself.

Epistemological

Relates to all aspects of validity, scope and method
acquiring knowledge.

Essential fatty acids

Fatty acids that must be ingested because the bodyres
them for good health but cannot synthesize them.

Ethics A system of moral values that is concerned with the de
to which research procedures adhere to professional,
and social obligations to the study participants.

Ethnography A branch of human inquiry, associatedith the field of
anthropologythat focuses on the culture of a group
people, with an effort to understand the world view of th
under study.

Euglycemia A normal concentration of glucose in the blood

Experiment A research study in which the investigator contrg
(manipulates) the independent variable and randomly as
subjects to different conditions.

Foetal gene The expression of specific genes in the foetus to a parti

expression genotype

Foetal Foetd programming is Bo referred to as prenat

programming

programmingand occurs during the embryonic and fog
developmental stages during pregnanityis theorised tha
the environment surrounding the foetus during
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developmental phase determines the diseakeduring the
later stagesof pregnancyandthroughout to adulthood.

Findings The result of the analyses of the research data
guantitative studies, the results of the hypothesis tests.

Functional Patients with reading and writing skilthat are inadequate

illiterates manage daily living and employment tasks requiring rea

skills beyond basic level.

Further education

Refers to education at A levels up to Diploma levels.

Generalizability

The degree to which the research procedures justify
inference that the findings represent something beyonc
specific observations on which they are based; in partic
the inference that the findings can be generalized from
sample tmther settings or aentire population.

Glucose A simple su@r which is an important energy source. It is
component of carbohydrates.
Glycaemia The presence of glucose in the blood

Glycaemic control

Refers to the level of blood glucose control in someone V
diabetes

Glycogen

Glucose stored as carbohydratethe tissues of the body.

Gluconeogenesis

A pathway used by the body to create gludosen other
molecules. Through this process, the body stores energy
the brain in the form of glucose.

Haemorrhage

Bleeding from a blood vessel

HBAlc

Refers o glycated haemoglobin which identifies average
plasma glucose concentrateoim ebfocd.

Health advocate

A translator of direct service to ndinglish speaking
pregnant women to assist and support them to make hed
care decisionthat isappropriatdo their individual needs.

Health care
professionals

Refer to the clinicians and allied health professionals
involved in the care of the women in this studiiey

include obstetriciangliabetologists, midwives, dieticians &
health advocates.

Hepatic

Rdates to the liver

Higher education

Refers to education at degree level and above.

High density
lipoprotein

Commonly referred to as 0

Homeostasis

Characteristics of a system that regulates its internal
environment to a level of stdity.

Hormone

A chemical substance produced in the body that controls
regulates the activity of certain cells or organs.

Human placental
lactogen

A hormone produced by the placentéreaks down fat
from the mother to provide fuel for the growifagtus and
this can lead to insulin resistance and carbohydrates
intolerance in the mother
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Hyaline membrane
disease

A condition in the newborn in which the lungs are deficie
in surfactant, which prevents their expansion and causeg
formation of hyline material in the lung spaces.

Hyperglycaemia

Bl ood sugar | evel much hi
mmol /1 on fasting and O7.

Hypoglycaemia
(neonatal)

Measurement of blood glucose levels lower than 2.5mm
during the first 48fs of life.

Hyperinsulinemia

Excessive levels of insulin circulating in the blood relative
the blood glucose level.

Incidence

Refers to the number of new cases diagnosed with a di
in a given area over a given period of time.

Induction of labour

The use of local prostaglandins with or without the us
intravenous infusion of oxcytocin to induce laboihis
could follow the artificial or spontaneous rupture
membranes.

Interpretivist A tradition from qualitative research. Combines qualita
data with propositions that can be tested into systen
beliefs whose manifestations are specific to a case.

Intrapartum The period of pregnancy from onset of labour ¢
throughout to the birth of infant/s.

In utero In the womands womb; befo

Ketogenesis

The biochemical process through which organisms pro
ketone bodies through the breakdown of fatty acids
ketogenic amino acids.

Level of Is the probability of rejecting the hihypothesis when it ig

Significance true; for example, aignificance level of 0.05 indicates a 5
risk of concluding that a difference exists when there i
actual difference.

Linoleic acid An omegab fatty acid found mainly irplantbasedoils eg
vegetable oils. It is used in the biosynthesis of prostagia
and cell membranes.

Lipogenesis The metabolic formation of fat.

Lipolysis The breakdown of fats and other lipids by hydrolysis

release fatty acid$dydrolysis is the chemical breakdown
a component due to reaction with water.

Longitudinal study

A study designed to collect data at more than one points
short of long periods of time.

Low density Commonly referred to as 0
lipoprotein
Macrosomia Birth weight greater than 40009 regardless of the gestat

age.

Macro-vascular
diseases

Diseases causing damage to the larger blood vessels.

Manipulation

An intervention or treatment introduced by the research
an experimental or quasix per i ment al st
manipulates the independent variable to assessiadt on
the dependent variable.
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Mean Often refers to the average of occurrence of a variabl
measure of central tendency, computed by adding all s
and dividing by the number of subjects.

Measurement The assignment of numbers to objects accartinspecified
rules to characterize quantities of some attribute.

Median A descriptive statistic that is a measure of central tende
representing the exact middle score or value in a distrib
of scores; the median is the value above and belowhw
50% of the scores lie.

Metabolite A substance formed in or necessary for metabolism.

Metabolise The process by metabolism

Metabolism The chemical processes which occur within a liv

organism in order to maintain life.

Methods (research)

The steps,procedures and strategies for gathering
analysing the data in a research investigation.

Micro -vascular

Diseases causing damage to the smaller blood vessels.

diseases
Migration The movement of people in and out of an area.
Miscarriage Defined as ay spontaneous onset of delivery before

weeks gestation.

Mode of delivery

Refers to the means by which the baby was born.

Molecule The smallest particle in a chemical element or compc
that has the chemical properties of that element
compound.

Monounsaturated | Essential fatty acids that help develop and maintain

fatty acids b ody 6 sThey must bs ingested because they canng
synthesized by the body. They are classified as good fat
they help to lower bad cholesterol levels.

Morbid ity An alternative way of describing death.

Morphology The study of how things are put together.

Mortality The occurrence of an iliness or disease.

Multigravida A woman with one or more children.

Myoinositol A vitamin-like compound structurally imilar to glucose
which is involved in the way the cells of the bo
communicate.

Naturalistic Imitating real life or nature

Neonatal A newborn infant under 28 days of age.

Neonatal death

Death of babies under four weeks of life.

Neonatal jaundice

of t
hi gh b

orati on
due to

Yel | ow di scol
babyds |ife
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Nephropathy Disease of the kidney caused by damage to the small
vessels or the units of the kidneys that clean the blood.
Neuropathy Disease or dysfugtion of one or more peripheral nerv

typically causing weakness or numbness.

Nominal Measure

The lowest level of measurement that involves
assignment of characteristics to categoreeg.(males = 1;
females = 2).

Non-alcoholic fatty
liver

A build up of fat in the liver which should otherwise hs
very little or no fat.

Non-esterified fatty
acids

Molecules released from triglycerides and are transports
the blood bound to albumin. They provide a large part o
bodyo6s ener gymadallpattofbodyfat. f o

Normal Delivery

Any delivery conducted vaginally, without the use
instrumental aid.

Oestrogen The primary female sex hormone responsible for
development and regulation of the female reproduc
system and secondary sex @weristics.

Oligouria The production and passing of small amount of uring
measure<lml/kg/hr.

Ontological The study of the concept of existence or reality

Outcome Variable

A term sometimes used to refer to the dependent variat
experimental reearch; that is, the measure that captures
outcome of the experimental intervention.

Pancreas

A large gland in the stomach which secretes diges
enzymes into duodenum. In the pancreas is the islé
Langerhams which secretes hormones insulin aychgon
in the blood stream.

Paresthesia

An abnormal sensation, typically tingling or pricking, cau
chiefly by pressure on or damage to peripheral nerves.

Patient engagement

Refers to the process of building the capacity of patie
families, carersprofessionals to facilitate and support
active involvement in their care to enhance the deliver
safe and quality care services.

Patient involvement

Where patients are actively involved in their care

Patient
participation

Involvement of patierstin decisiormaking.

Peripheral artery
disease

A common circulatory problem in which the arteries becc
narrow reducing blood flow to the extremities of the bg
usually the limbs but mainly the legs.

Peptidases An enzyme which breaks down peptidesamino acids.
Perinatal Pertaining to the time around birth.

Persistent The failure of the normal circulatory transition that occ
pulmonary after birth. This syndrome is characterised by pulmoi

Hypertension

hypertension that causes hypoxemiaoséary to right to
left shunting of blood at the foramen ovale and du
arteriosus.
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Pharmacotherapy

Medical treatment by means of drugs.

Phenomenon

The abstract entity or concept under investigation in a si
most often used by qualitative researsherlieu of the term|
vari abl ed.

Phospholipids

A type of lipid molecule that is the main component of
cell membrane.

Placenta

Placental development starts during the implantation of
blastocyst. The trophoblast ceft'm the placenta and th
inner cell mass forms tHeetus and foetal cell membranes

Ponderal Index

An indicator of relative fatness at birth measured
weight/length. Type 1 indicates that baby is proportiot
while Type 2 is a low PI indicating a disproportion
measurement.

Polyuria Excessive production of urine.

Polyunsaturated Essential fatty acids that help to develop and maintain

fatty acids of the body. They must be ingested because they canr]
synthesized by the body. These are considered as good

Polypeptide A linear chain of amino acids linked together. Amino ac
are the basis building blocks of proteins.

Population Number of individuals having some common characteris
illness or disease.

Positivist A tradition from qualitative research. A §lbvist seeks tc

identify qualitative data with propositions that can be te
or identified in other cases.

Post maturity

Babies born after 42 weeks gestation.

Postnatal Occurring after birth.

Postpartum Refers to the period ofrpgnancy immediatglafter delivery
and up to 6 weeks thereafter.

Prenatal Occurring before birth.

Preterm delivery

Defined as delivery before 37 weeks gestation.

Prevalence

The number of people in a given population with a partic
condition in a given time. The pralence of a disease
calculated based on data collected and held on nat
registers.

Primagravida

A woman pregnant for the first time.

Progesterone

A hormone produced by the corpus luteum of the ovar
plays an important part in the menstruaycle and
maintaining the early stages of pregnancy.

Prospective Study

A study that begins with an examination of presumed ca
(e.g., cigarette smoking) and then goes forward in timg
observe presumed effectsd.,lung cancer).

Proteases

An enzyne which breaks down proteins to peptides.

Public engagement

Involves activities thatbring researcher and the pub
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together. It is a process of tweay communication in whic
there is shared learning and both groups benefit from
other.

Public involvement

Working in collaboration with patients, service users or
general public.

Qualitative Research using data obtained by the researfotwer direct

research observation, focus groups, interviews, questionnaires
recordings made in natural segs.

Quantitative The process of objectively collecting numerical data

research describe, predict or control variables of interest eg to

causal relationships.

Randomisation

The assignment of subjects to treatment conditions
random manneri.g., in a manner determined by char
alone); also known asndom assignment

Reliability

The degree to which a test consistently measured what
out to measure. It is to do with whether a test when ap
repeatedly to the same objects gives slame results eve
time. Reliability is therefore concerned with consister
stability and dependability. However, it is not necessa
concerned with accuracy.

Research

The attemptto obtain new and transferable knowledge
involves gstematic ilguiry that uses orderly, discipling
methods to answer question or solve problems.

Research design

The plan for addressing a research question, inclug
specifications for enhancing the integrity of the study.

Research Question

A statement of the spiic query the researcher wants to
answer to address the researcher problem.

Research team

Individuals involved in the conduct of the research study

Results The answers to research questions, obtained throug
analysis of the collected data; in a gtiative study, the
information obtained through statistical tests.

Retinopathy Damage to the retina caused by abnormal blood flow. C
refers to as retinal vascular disease.

Retrospective A study that begins with the manifestation of the depen

Study variable in the presené(g.,lung cancer) and then links th

effect to some presumed cause occurring in the past
cigarette smoking).

Saturated fats

Theseare bad fats. They contain a high proportion of fg
acid molecules without double bds considered to be le
healthy than unsaturated fatty acids.

Significant level

The probability that an observed relationship could
caused by chancei.€., as a result of sampling erro
significance at the .05 level indicates the probability th
relationship of the observed magnitude would be founc
chance only 5 times out of 100.

Sociceconomic

Relating to or involving social and economic factors

Sponsor

The organisation or partnership which takeverall
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responsibility for proportionate iad effective arrangemer
for the setup, running and reporting of a research project

Spontaneous
delivery

Defined as any delivery occurring naturally without &
external aid.

Standard deviation

Used statistic for measuring the degree of variabilits Bet
of scores or dispersion of statistical population.

Statistic

An estimate of a parameter, calculated from sample date

Statistical analysis

The organisation and analysis of quantitative data u
statistical procedures, including both descriptiand
inferential statistics.

Statistical
Significance

A term indicating that the results obtained in an analys
sample data are unlikely to have been caused by chan
some specified level of probability.

Statistical test

An analytical procedure #t allows a researcher
determine the probability that obtained results from a sa
reflects true population parameters.

Stillbirth

Birth after 24 weeks gestation and no signs of life at birth

Subject

An individual who participates and providesaat a study
term used primarily in quantitative research.

Supplementation

The addition of an extra elemeint omega3 & -6 and
placebo.

Target population

The entire population in which the researcher is interg
and to which he or she would like tongealise the results (¢
a study.

Transient Breathing disorder seen shortly after delivery in the new

tachypnea in early term or late preterm. The condition is character
by rapid abnormal breathing which is shioved.

Trans fats A form of unsatuated fat created by hydrogenation wh
liquid oils are converted to sersolid fats. Trans fats ca
also be found in meat and dairy products.

Treatment The experimental intervention under study; the condi

being manipulated omega 3 & omega 6.

Triacylglycerols

Known as triglycerides which are simple types of lip
consisting of 3 long chain fatty acids esterified to glycero

Thrombocytopenia

A condition characterised by low platelets in the blo
Platelets are necessary for clotting of the blood

Unblinding

The process by which the allocati@ode ofthe intervention
or treatment arbroken(revealedland become known to tf
trial team subjectsetc

Unsaturated fats

Thesearegood fats. They contain a high proportion of fg
acid molecules wh one or double bonds in the fatty aq
chain and are considered to be healthier than saturated
acids.

Variable The degree to which values on a set of scores are w
different or dispersed.
White Refers to indigenous British women and Whitesnf

Europe and other countries.
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Chapter 1.

Introduction



1.1 Introduction and structure of the thesis

1.1.1 Background

Diabetes Mellitus (DM) is one of the most common medical disorders in pregnancy
(Diabetes UK, 201¥ Pregnant women can present with eithergxisting DM {Type 1
diabetes mellitus (T1 DM) or Pe 2 diabetes mellitus (T2 DM)} or develop the condition
during pregnancy {gestational diabetes mellitus (GDM)}. A complex interplay between
genetic and environmental factors can determine the aetiology of the disease type to b

discussed in forthcoming apter 2. T2 DM and GDM form the focus of this study.

Women who present in pregnancy with DM and GDM posea huge challenge for
clinicians who are constantly striving to optimise the d¢heg/ receive in order to reduce
potential risks such asiiscarriage pre-eclampsia, macrosomia, prerm birth, stillbirth
andbirth injury resulting in poorer pregnancy health and outcomes (maternal and foetal)
compared to nowliabetic womenCEMACH, 2007. Consequently,hie cost implications

of diabetes managemetat the National Health Service (NHS) and society as a whole are
vast (Whicher et al, 2020)To narrow this disparity, new and evolving management
strategies are employed toopide the best possible care aghieving optimal glycaemic
control. Management inclues lifestyle advice on healthy eating and exercise.
Individualised pharmacological interventions may also be necessary to normalise blood
glucose control, but achieving this can at times be challen@ingpnio Negrato et al,

2012).

Adequate maternal nution contributesto effective glycaemic contr@nd is essential for
foetal growth and development (Ji et al, 2017; Palmer, 20Mfant growth and
development, the sherand longterm health of offspring and pregnancy outcomes can be

affected by dietar fat intake during pregnancy (Koletsko et al, 2007Mong chain



polyunsaturated fatty aciqgct CPUFAs){(arachidonic acid (AA) and docosahexenoic acid
(DHA)} are structural components of the cell and -seblular membranes and are
necessary foroptimal function of the immune, vascular and neuwrsual systems
(Martinez 1992 & Clandinin et al, 1980oetal demand for these fatty acids is high,
particularly in the third trimester when the brain is growing and rapidly accruing fat (Cetin
et al, 2009)As thefoetus has limited ability of synthesizing AA & DHA, foetal demand
must be met by the mother through ingestion of foods rich in oiBefgéty acids or
supplementgSingh, 2005)LCPUFAscannot be manufactured by the bahdare often
referred to as essea fatty acids (EFAs) because theyust be obtained through oral
intake (Greenberg et al 2008Recommended guidelines on oral intake during pregnancy
vary from 200mg (Koletzko et al, 2007), 250mg (EFSA1@) to 300mgs (ISFAAL). In

the United Kingdom (K), two to three (23) portions offish with at least 1 portion adily

fish (eg. salmon, sardines and mackerel) are recommended WEakbpean Food Safety
Authority Scientific Committee, 2014)s fish consumption in pregnant women and women
of childbeaimg ages are consistently low as shown in a European cohort study20026

(Leventakou et al, 20}4

Previous observational studies have shown possible bemdfifsh oils on specific
maternal and neonatalitcomes. For example, omeg8datty acid an prolong pregnancy

by 4 days(Olsen et al, 1992 & Makarides et al, 201)Q which in obstetrics is a huge
accomplishment which can be the difference between prematurity and maturity of babies
and their subsequent health and wellbeing. However, most obemafastudies and
randomised controlled trials (RCTs) which examined supplementation of pregnant women
with omega3 fatty acids, focused only on specific outcomes such as IUGR (Horvath et al,
2007 & Olsen et al, 2000), preterm birth (Horvath et al, 200Dl&en et al, 2000),

pregnancy induced hypertension (PIH) (Horvath et al, 2007);eq@eanpsia (Olsen et al,



1990 & 2000) and infant and child health in areas such as neurological development
(Crawford et al, 1976 & Crawford, 199p&nd visual acuity Glardinin et al, 198D A
systematic review on pregnancy outcome data (up to March 2006) on high risk women
after supplementation with ome@afatty acid has shown a reduction in{eem delivery

but no significant difference in infant birth weight, rate @ivIbirth weight, recurrence of
IUGR, rate of caesarean section and-gxkampsia (Horvath et al, 200However, hose

studieson pregnancy outcomeere done on nediabetic women.

Earlier diabetic studies have showapleted AA & DHA levelsn pregnantwomen with
T1 DM and their neonates (Ghebremeskel et al, 1998 & 20043ibly resulting in poorer
outcomes.The depletion of AA and DHA might be similar for women with T2 DM and
their neonates abké activity of delteé and delteb which are necessary ftire synthesis of
AA and DHA were found to bémpaired in individuals with T1 and T2 DM (Brenner et al,
2000 & EIl Boustani et al, 1989Reducedplasma fatty acidevels of AA & DHA were
found in neonates of women with GDébmpared to nowiabetics(Thomaset al, 2004
Wijendran et al, 2000 & Min et al, 2004), and the depletiotho$efatty acids was greater
in obeseand overweight gestational diabetic wongbtin et al, 2004).Regardless, women
of childbearing age have a great capacity of synthesising (Bdrdge & Wotten, 2002 &
Pawlosky et al, 2003and possibly AA as thee fatty acidsshare the same synthetic
pathway (Thomas et al, 2004 Also, the depletion of AA & DHA can be corrected by
insulin therapy (Shin et a1,995).Combined, these factorsuld have a positive impact on
the fatty acid status of women with GDM and T2 DM and their subsequent pregnancy

outcomes.

Two subset studiedhave been conducted on women with T2 DM and GDM of which |
was involved They have since been publishexpendixl.1). These studiebave shown

promising resultsSupplementation with 600mgs DHA enhanced both maternal and foetal
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DHA status in women whose pregnancies were complicated with T2 DM (Min et al, 2014)
and maternal DHA status in women diagnosed with GDM (btial, 2016). Based on
these findings, participation in the nutritional study may have benefited women who
received active supplements and their baldtbough this preliminary data has shown an
improvement in maternal/foetal DHA statushat remains mknown is the impact that
improved DHA status had on maternal and foetal wellbeing mednancyoutcomes.
More robust researchas needed talemonstrate cause and effect. To date, no study has
examined maternal and foetal outcomesasuregas describechi chapter 3 section 3.4
which come in line with other pregnancy outcome studa®wing supplementation with
omega3 fatty acids. This study wa conducted with this aim. Th&tudy results will
contribute to filling that gap. It would be useful to kxde the pregnancy outcomes of
supplemented groups with and without diabetes to establish whether supplementation witt
omega3 fatty acids had any effects on and within the variousgsabps and this was
explored in chapters 6 & 7. The findings will bevaluable when caring for pregnant
women with GDMand T2DMandwih ct as the O6pioneerd of

in thefuture.



1.1.2 Justification

1.1.2.1 Personal Interest

For many years, | have worked as part of the nuiditiplinary tean in the specialist
antenatal diabetes clinic (SADC) at Newham University Hospital as an Advanced Clinical
Practice Midwife in the role of diabetes specialist midwife (DSM). During this time, | have
worked alongside obstetricians, diabetologists/endoaimstis and dieticians caring for
women with diabetes in pregnancy and | have witnesseehfirad the adverse impact of
diabetes on maternal and foetal health and-lalhg. Those poor outcomes were at times
cyclical; believed to be associated to the mawmynplex health needs with which some
women presented. At times, | was consumed by feelings of helplessness. | strongly felt tha
there were several issues that needed to be addressed to optimise the pregnancy outcome
the Newhamés pr dagam avimch is docie@dor®mically dgproveduhighly

diverse and predominantly from South Asia (Pakistan, Bangladesh, India etc).

Also, | recognised the higher prevalence of diabetes related problems among thiskhigh
group of pregnant women, partictiadue to lack of engagemeat inadequate levels of
engagementvith health care professionals (BPs) and the care they provided. From
observation, it appeared that the more engaged women were with HPs involved in their
care, the more positive the impastn t hei r and their babi e
outcomesEvidence from a review has shown a correlation between effective physician
patient communication and improved health outcomes (Stewart, 1995). Effective
communication is critical for client engagemweTherefore, one can conclude that client
engagement is critical for optimising maternal and foetal outcomes; but strong empirical

data through systematic review and matalysis within maternity are lacking. Therefore,



this aspect of care needed todtedied to have a better understanding of why these high
risk women were not fully engaging withPs t o opti mi se their
and wellbeing. The findings can then be used to better help and support women in this par

of East London. Thilypothesis was explored in the first phase of this study.

Secondly, | have seen a significant number of women who are diagnosed with GDM on a
weekly basis. The incidence seemed to be increasing over time and the gestational ages
which diagnosis was rda appeared to be decreasing. That trend caused me concern. | was
baffled as to why this was particularly as many of those women had no previous history of
GDM but had other risk factors like raised body mass in@e( ) O 3 dnd fgnhilyn
history of diabetes. The National Institute of Health and Care Excellence (NICE) (2015)
guidance recommends that women with a previous history of GDM should be screened
early and if the result is normal, repeat testing should be ab 2428 weeks gestation.
Women with other risk factors should be screened betweét8 2deeks gestation. From
observation, it appeared that women with risk factors other than previous history of GDM
were detected early (within first and second trimestgregnancy) with GDM. Therefore,

| wanted to establish the predominant risk factors for early detection of GDM and evaluate
whether gestational age at diagnosis impacted on pregnancy outcomes. It was also critice
to examine the appropriateness of N&CE GDM screening gui dari
borough like Newham where there is a high meidlinic community and high prevalence

of diabetesThis aea needed to be studied and hakto the second phase of the study
which has explored the predominargkrifactors for the early detection of GDM (<24
weeks gestation) and the subsequent impact on pregnancy outcomes. The findings of thi
phase could have significant impact on strategic planning with appropriate and adequate

resource allocation to improve theaternal and foetal health and wellbeing, and pregnant



outcomes of local women at risk of GDM, who tend to be obese/ overwBighE, 2015

& Chu et al, 2007and / or have first degree relatives with diabefd€E, 2015.

As mentioned aboveprevious gidence has demonstrated that women with diabetes in
pregnancy have poorer outcomes compared tedmretic women. The London borough

of Newham is ethnically diverse and has a high prevalence of diabetes which resulted in
women presenting in pregnancy lvimany cemorbidities which were either diabetes
related or not. This has led me to believe that the pregnancy health and outcomes o
diabetic women within my local hospital might be significantly worse compared to other
boroughs within England where difent population profiles exist and where the

prevalence and incidence of DM vary.

Also, care of women with GDM upon discharge seemed fragmented. There was no tight
structure in place to manage womends pos
hogital. Prior to discharge, an oral glucose tolerance test (OGTT) appointmen8for 6
weeks postelivery was given to women with lifestyle advice. Upon discharge, women
were rereferred to theigeneral practitioners3dP9 who were responsible for chasing

and datendingthe OGTT results and subsequent annual reviews should T2 DM was not
detected. Yet, some women with a previous history of GDM were presenting with high
blood glucose levels in the first trimester in subsequent pregnancies, having nadeceiv
appropriate followup care. Follow up care was like a lottery. Somemen received
annual diabetes screeningiin their GPs while others did not. Pedischarge quality of

care was GRlependent and whether women spoke English and were proactive to chase
their GPs for annual diabetes screening appointments. Previous evidence has shown that t
to 70 per cent of women with GDM wouldwagop T2 DM within 510 years and earlier in
some casegMetzger et al, 2002)Therefore, it was critical to establish thesmatal

prevalence of T2 DM after GDM. With that hard data, adequate resources can hopefully be
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generated to organise appropriate screening and preventative programmes for the postnat
care of women diagnosed with GDM. This can lead to huge cost sdviogs Wo me n
Health Directorates and the wider National Health Service (NHS) in the immediate and

long-term.

As a senior midwife who always strives to provide quality care, | had a keen interest to
research the areas highlighted above, but | did not hawdfilancial capability and
research experience to conduct the research. But, when the opportunity presented itse
when the London Metropolitan University (LMU) collaborated with Newham University
Hospital (NUH) to conduct a nutritional study among thegpeat diabetic women and
offered the ceordinator of that study to register to do a PhD, | positively embraced the
opportunity. | was then tasked with leading and managing this project fremp setstudy

closeout.

This nutritional study was conducteddause no other well designed study has previously
been done to evaluate the pregnahneglth ancdutcomes of women witiabetes mellitus

(DM) after supplementation with fatty acids. This study fills that gap. Atsdattors like

lack of resources, rearch into this local cliergroup hasnot been conducted. To date,
assumptions are being made about the pregnancy outcome of clients attending the SADC
Care provision is based on observation, intuition, findings from general research evidence
and directves from bodies like the World Health Organisation (WHO) and NMVEile

all these directives and measures have their ptageempirical evidence tanswers vital
guestions is necessary to optimise the pregnancy outcome for diabetic women within the

borough of Newham. My thesis also works towards this aim.



1.1.2.2Why Newham?

Newham is one of the most deprived boroughs in London (NCCG, 2017a) and deprivation
may drive women and their families to engage in cheap and easy food options which car
be detimental to their health. Healthy eating forms part of the local Clinical
Commissioning Group (CCG) agenda. Food vouchers which include fruits and vegetables
are provided to the less privileged as part of that drive. But, throughout the borough, within
close proximity to each other, there are manyfastod shops selling r
chipsé and other foods high in saturate:q
promotional work on healthy eating within the borough. However, engagingmwitien

during pregnancy; a time when they are more likely to be motivated to care for their and

t hei r b-ading, oosld hvaeelbden beneficial.

Local women may simply not have the financial means of having a daily nutritional diet
and many could bstarting pregnant in poor nutritional health. Diets high in saturated fats,
eaten over a considerable I ength of ti me
pregnancy. Healthy eating which includes a reduction of saturated fats but an intake o
polyunsaturatedats from oily fish are encouragenh pregnancy Adequate nutrition is
particularly important to promote positive pregnancy health and outcomes and achieve
optimal glycaemic controlni pregnant diabetic wome®aturated fats can impairsiin
sensitivity which is already a metabolic challenge for diabetics (Riserus et al, 2009).
Although that impairment may be corrected by insulin therapy (Shin et al 1995), which
forms part of the management stoggtdor women with T2 DM and GDMits effect on
maternal and foetal pregnancy health and outcome remained unknown and needet

exploring.
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Therefore, this nutritional study can be justified, particularly as women in the borough do
not live as long as other women in London and England as a whole @Newbndon,
2017). Women within the borough are predominantly -Wintes and are affected
disproportionally by local deprivation factors of low income, overcrowding, fuel poverty
and concern for crime (Newham London, 2017). Consequently, they tended fooloase
general health (Newham London, 2017) and presented in pregnancy with much co
morbidity. Also, the cemorbidities associated with DM in a deprived area like Newham
would suggest that women could have been starting pregnancy with depleted stokes of A

& DHA.

In prospective studies which investigated whether diabetes during pregnancy affected
maternal and foetal AA and DHA status in women with T1 DM, T2 DM and GDM and
their babies, it was revealed that the levels of both fatty acids were significdhilyed in

red cell choline phosphoglycerides of mothers and in red cell and plasma choline
phosphoglycerides of their neonates (Ghebremeskel et al 2004, Thomas et al 2005). In .
pilot study of Korean women with GDM and their neonates, compromised te&lAcahd

DHA was found among those mothers, at levels similar to their British counterparts.
Conversely, among the Korean women, their neonates had normal levels of plasma and re
cell DHA. Since foetal DHA status is enhanced by increased maternal oftakeA in
pregnancy and Koreawomen had high daily intake of fish (75g/day vs3d3y/day in
European) (Ghebremeskel, 2000), it seems intuitive to assume that the normal DHA level
found in the neonates could be due to the high intake of DHA from fish cexdsbgn
Korean gestational diabetics women. Therefore, it seemed reasonable to assume th:
pregnant diabetic women within the borough of Newham could have benefited from the
effects of fish oils supplementation in pregnancy to rectify their possible digletes of

AA & DHA which in turn could have had a positive impact on their pregnancy health and
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outcomes. Also, with the high prevalence of pregnant women with T2 DM and GDM
within the borough and women from the Black and minority ethnic (BAME) groups
disproportionally having poorer maternal and birth outcomes (Knight et al 2018, Garcia et
al 2015 & Office of National Statistics 2013), the effects of onegaipplementation
could have been more discernible and impacted on a widersgogsn of women #m if

the study was conducted in a wealthier borotghnically-related differences in maternal
omega3 and omeg® fatty acid intakeduring pregnancynay existdue to varied levels of

fish consumptiorwhich may lead to disparity in birth outcos@wan Ejsden et al, 2009
However, laseline data takefor Min et al (2014 & 2016) studies did notveal any
difference inomega3 fatty acidlevel between Caucasians & other ethnic grouwgs.

overview of each chapter follows.

1.1.3 Overview of each chapter

Chapter 2

This chapter has provided a broad overview of the current literature available on T2 DM,
GDM and the impact of these conditions on pregnancy and pregnancy outcomes. Also,
current available evidence is provided on essential fatty acids (EFAs) (ABDH&)
supplementation during pregnancy and impact on pregnancy outcome. The prevalence
(global, national and local) of T2 DM (prior to and during pregnancy) and GDM, their
associated risk factors, aetiology, pathophysiology, diagnosis, complications and
maragement with specific focus on supplementation with essential fatty acids (AA &
DHA) are areas covered within this chapter. This background information sets the scene

for all four experimental chapters 4, 5, 6 and 7.
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Chapter 3

This chapter has outlineddlmaterials and procedures used to conduct the study which
encompassed the study design including the inclusion/exclusion criteria, recruitment and
follow up process of participants, intervention and blinding, data collection and analysis
These elementsrgvided clarity to the research process and formed the foundation on

which experimental chapters {47) were conducted.

Chapter 4

Chapter 4 explored the soetnltural,economicand demographitactors that influenced a
pregnant wo ma n 6herorchet toierggage with leQBa thhematritional study

and the impact that level of engagement / lack of it had on pregnhancy outéategeate
nutrition is considered critical to diabetes management and women with T2 DM and GDM
are consi dér eandfdrad thd opportunity to engage with HPs to improve
their nutritional statugould have been beneficial to maternal and foetal wellbdihis
chapterformedthe bedrock for this stugyas set the scerer the upcoming3 phases of

the studyin chapters 5 7 and has influered the distribution of subjecis each of those

phases

Particularly, for the RCTs conducted in chapters 6 & 7 to be successful, it was necessary c
provide women with the information the language that they undersdppreferably face

to face. Supported by health advocafeg\s) and patient information leafletsP(LSs)
translated into 5 different languages, a better understanding of the factors which fosterec

engagement with HCPs were established. Findings from thisteshevere invaluable to
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HCPs on the approach to take for the recruitment and faljpywrocesses to be successful

For example, offering women the choicehaispital ohome visitsseemedeneficial.

Chapter 5

Women with GDM form the largest group of men who attended the specialist
pregnancy antenatal diabetes clinic (SADC). Therefore, this group would have an
overwhelming impact on theesults of any researadonducted on the local SADC. It was
therefore imperative to assess the local screening pnogeain meeting the needs of those
with risk factorsof GDM, in order toidentify women early angbrovide optimal care
management for women at risk and those confirmed with the condition. Predominant risk
factors for the early detection of GDM were examiged d NI CEO6s r ecommn
screening for GDM has also been evaluated in the context of its appropriateness for us
within a highly diverse population likd e w h a Thése formed the focus for this chapter.
This study is the first large scale study t@lerate the pregnancy outcomes of the SADC
and this result would add to the findings of chapters 6 and 7 in future development of the

service.

Chapter 6

This chapter has utilized data from women who were recruited into the nutritional study to
evaluate theamaternal and foetal health and pregnancy outcomes after supplementation
with omega3 fatty acid in women whose pregnancies were complicated with GDM.

Maternal outcome measures were onset of labour, mode of delivery, pregnancy loss ant

hypertensive disorde in pregnancy while foetal/neonatal outcomes were gestational ages
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at delivery, low birth weight, prematurity and admissions to special care baby unit
(SCBU). Pregnancy outcomes were also evaluated in the context of diabetes managemen
Demographic (agegethnicity, language parity, BMI) and clinical (chronic medical
problems & pregnancy complications) characteristics were also examined. This chapter
forms a central part of the thesis and the findings can have huge implications for future
midwifery practi@ and researchA comprehensive evaluation of maternal and foetal
outcomes would therefore be highbeneficial for the nutritional advice provided to

women at booking and throughout pregnancy

Chapter 7

The focus of this chapter was similar to that b&gter 6 except that maternal and foetal
outcomes were of women with T2 DM and women without any form of diabetes after
supplementation with omegafatty acid. Demographic and clinical data as outlined in
chapter 6 were also examined. Women with T2 DMnied the second largest group of
women who attend the SADC and the results of this chapter coupled with the evidence
from the two previous chapters on GDM would afford a comprehensive evaluation of the
SADC and provide invaluable data for future care plagmf these high risk groups. This

chapter also forms a central part of the thesis.

Chapter 8

Chapter 8 has summarised the main findings of this thesis and the unique contribution this
thesis has mad@lso, | have highlighted the strengths and limitasasf each phase of the

study and the overall implications and areas for future investigations.
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I n summary, I have established the factoc
whether or not tengagewith HCPs on the nutritional studgnd evaluatetdhe impact of
engagement /neangagement on maternal and foetal outcorfiks.dominant riskactors
responsible for early detection of GD&hd the impact of those factors atice time of
diagnosison maternal and foetal outcom&sre examinedSupplementaon with fish oils

in women with GDM and2 DM on pregnancy outcomes walso explored.

1.1.4 Structure of the theses

This thesis is presenteaver eight chapterandhas fourphasesThis first chapter details
the purpose of the study and provid®s overview which includes my personal and
professional motivation and how these have influenced the area of Sthéyrocessof
this study is as demonstratedflow chart 1.1). The structure of this thesis is as described

hereunder.

Prior to the explora&dn of the experimental chapters to address the above issues raised, an
introduction to the research problem will be made encompassing a brief study overview
followed by an extensive literature search which draws on previous empirical data to
outline the esearch background to this study. This feedsthmachapter on the conduct of

the study ¢hapter 3 followed by the experimental chaptdiss described in 1.1.3nd
culminating with the final chapter which revisited the aims to establish whether the dat
presented supported the hypotheses. This was done through a process ofnrefieetioh
experimental chapterThe strengths and limitations of the study are then described

followed by recommendations for future research.
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Chapter 2:

Literature review
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2.1 Chapter overview

Informationpertinent for this thesis critically examined within this chapteit sets the
scene with background information for all preceding chapters of this stueyl. also

attempt to identify gaps in the literature which my study will try to address.

An overview of the epidemiology, aetiology, complications, management and pregnancy
outcomes of women with T2 DM and GDM is provided with the latest insight into the
gobal md UK epi demic. Il nformation on pregr
engagement with @Ps, risk factors associated witkarly detection of GDM and
nutritional supplementation with ome@aand omeg® fatty acids and their impact on

maternal and foetal outcas also form the background of this chapter.

2.2 Search strategy
2.21 Aim and process

A comprehensive literature review was undertaken for this stuchuracy and precision
were aimed for from mainly biomedical published evidence, to achieve a quaithse
from literature written in Englistbut inadequacies in the indexing of research papers,
human frailty, spelling differences and time constraints were posBiblaations to

capturing all available literature.

The literature search started from thee@rch idea to put the research problem in context.
It continued throughout the period of the research study to keep abreast with and facilitate
the use ofnewly published relevant datélowever, the main bulk of the search was

conducted in the early stagyef the research process.
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The aim was to obtain evidence which focused on pregnancy outcomes of women with T2
DM and GDM with reference to client engagement with HPs, risk factors of GDM and
omega3 and omeg® fatty acids supplementation. The postnéidlth of women with

GDM with and without suppleméattion with fish oils was alsmcluded in this aim.

The objectives while conducting this review were to describe the epidemiology of GDM
and T2 DM with reference to pregnancy, current screening guidetind diagnosis of
GDM, pregnancy complications and management of GDM and T2 DM, factors which
influence client engagement / lack of engagement wiii*$] the impact of omegand
omega6b fatty acids on maternal and foetal wellbeing and the pregnancgnoescof
women with GDM and T2 DM with reference to client engagement, early detection of
GDM and supplementation with ome8aand omeg#® fatty acids in women with T2 DM

and GDM; all within the context of the population and health profile of pregnant women

within the borough of Newham.

2.2.2 Participants

Participants were pregnant women of any gestational age, parity, demographic and socio
economic background, regardless of their medical and/or obstetric history. All
observational studies, RCTsystemat reviews and metanalysis of RCTs and RCTs of
pregnant women with or without GDM and T2 DM and supplemented with cega
omegab fatty acids regardless of time and duration of intervention and dose regimen, were

included. All RCTs on GDM were incled despite the screening criteria.
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2.2.3 Data Sources

Data sources included Pubmétsevier,Medline, Cinahl, Embase, the Cochrane Library
dat abases i ncluding t he Pregnancy and (
searches provided modeetroric academic journals and hard copies from the local library
were reviewed as these provided past and recentr@é@ewed articles which denoted
quality having gone through a rigorous review process. Related articles from references lis
directed searches a variety of journals and bookBhe Cochrane database including the
Pregnancy and Childbirthoés Tri al Regi ste

reviews of results from RCTSs.

2.2.4 Search terms

Search terms used subjects and text waearches using simple Bolean logic. For
example, for experimental chapter 1, search terms included client/patient engagement an
health professional/clinicians, client/patient engagement with NHS / health service,
client/patient engagement with pregnandgbétes services / maternity services, barriers /
influential factors to engagement of women with GDM/T2 DM, deprivation/ethnicity and
client engagement and client/patient engagement and pregnancy outcomes. Search tern
used for experimental chapter 2 mdéd gestational diabetes mellitus/ GDM, prevalence

of gestational diabetes mellitus / GDM, risk factors of gestational diabetes mellitus / GDM,
ethnicity and risk factors of gestational diabetes mellitus / GDM, screening for gestational
diabetes mellitus GDM, screening criteria for gestational diabetes mellitus / GDM, NICE
guidance on screening and management of gestational diabetes mellitus / GDM, early/late
detection/diagnosis of gestational diabetes mellitus / GDM, effects of gestational diabetes

melitus / GDM, dbstetric / midwifery complications {macrosomia, IUGR, birth weight,
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hypertensive disorders (high blood pressure,-guteampsia, eclampsia), prematurity,
hypoglycaemia, respiratory distress syndrome, prolonged pregnancy, modes of delivery,
admssion to special care baby unit} and gestational diabetes mellitus / GDM and
management of gestational diabetes mellitus / GDM. Similarity existed in the search terms
used for phases 3 and 4 except for the diabetes type (GDM / T2 DM) except where specific
peculiarities existed with each group eg. postpargiypecaemicstatus for women with

GDM and notfor women with T2 DM. Search terms included, fish oils, orsgdatty

acids, long chain polyunsaturated fatty acids (LCPUFA) in and outside pregnancy, obesity
and pregnancy complications / outcomes in GDMs/ T2 diabetics, obesity and fatty acids
absorption, effects of fish oils on mother / baby (foetus)/neoritegnancy complications

/ outcomes were as listed above with focus on maternal (hypertensieadgmpsia,
eclampsia, miscarriages, induction rate, gestatide¥adjth, reasons for andtaesarean
section ratg and foetal / neonatalcdngenital abnormalitystillbirth, neonatal death,
gestational ages at birth, birth weight, apgar scores, macrosomiabittw weight,

admission to special care baby unit and reasons for admission).

2.2.5Search results

The literature screening processd results aredescribe in flow chart 2.1 An
overwhelming numbeof results were found on T2 Deihd GDM (=17,435). Tk results
included literature on prevalence, incidence, screening, diagnosis, management, impact o
health outside (T2 DM) and during pregnancy (T2 DM and GDM) on maternal and foetal
health and wellbeing and their pregnancy outcomes. Some articles akls@ddwoth
conditions, particularly when discussed within the context of pregnancy. The sheer volume
of articles found meant that it was impossible to includeedvantarticle so only the

most pertinent were included
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The results on omega 3 fatty aci pregnancy was alssubstantial (n=4157) but when
screened within the context of pregnant women with T2 DM and GDM, very little
literature was found deemed appropriatedd. This meant that referencesthin this

thesis were primarily of data on suppkemation of pregnant women without diabetes.
Also, no trials were found on comprehensively evaluating maternal and foetal outcomes
(as identified under study design and methods). Rather, specific aspects of pregnanc
outcomes measures such as-gclampsia birth weight and IUGR were evaluated after
fish oil supplementation. Other articles were foundhreprevention of T2 DMind GDM

and were used as supporting evidence within this thesis.

Finding |iterature on pr egmwasncalengiogneéniyds e
article was found on the primary outcome measure of clientgamgant with HCPs. Most
resultsfoundwer e on patient engage me nitvolvenmenténh d
committees including at strategic levels in the formulation afthegolicies as opposed to

the way clients/patients engaged with HPs and the services made available to them and tf

subsequent impact on their health and wellbeing, following engagement.

When screened for appropriateness, the most relevant literatgresedected and used
(n=447) as referenced within this thesiSther Iteratureon areas such agsearchpre
eclampsia, obesity, health inequalities, the demographic and health profile of Newham anc
local and national policies and directives were alsad us® supporting evidence and

contributed to this total.
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Eligibility

Identified literature through database, reviews, and
book chapters searches(n=21,592)

L 3

After removal of duplicates, articles deemed less
relevantand non-English written material: n=9193

Identification

Records screened [n

| Afterscreening of titles, sbstract

- 9193)

Screening

Full-text articles and
textbook material

and full articles, records
excluded [n=8172)

After full-text articles
zssessed for relevance,

zzsessad for

L 3

records excluded [n=574)
eligibility [n = 1021)

Included

Included literature [n =
447

Flow chart 2.1: Literature screening process
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2.3 The Evidence

2.3.1 Overview

Globalisation has impacted on the increasing size and diversity of the UK population with
1 in 4 births ofwomen born oversees (Higginbottom, 2019). Disparities exist between the
birth outcomes of Black, Asian and Ethnicity Minority (BAME) women and those of the
indigenous group, with adverse outcomes more common among the former group (Garcie

et al, 2015).

Ethnicity is a key characteristic of developing jgvasting diabetes (Type 1 & Type 2)
(Buschur et al, 2018 & Vora, 2010) a@&DM (Buschur et al, 2018; Mc Donald et al,
2015). Risk factors of prexisting diabetes and GDM are the same and they also share
same metabolic abnormalities (insulin resistance and hyperinsulinemia (Ben Slama, 1997)
Women with these conditions have poorer birth outcomes than women without the
condition (AbuHeija et al, 2017). This poses a huge challenge for HCPs. Planning and
delivering services that are culturally specific in and within the various ethnic groups, to
optimise maternal and foetal outcomes are critical (Higginbottom, 2019). An adequate and
effective screening programme for GDM and an effective management stratetpysfor
condition and T2 DM throughout pregnhancy and the immediate postnatal period should

form the nucleus of all service planning.

The experience of pregnancy and childbirth is very complex and multidimensional.
Various emotions are experiencédt pregrancy isprimarily a ime of happiness for most
women,their partnersfamily membera nd f r i e nsd sh.o pWo nmiesn 6f or 0O e
well 86 for them and andtledughoubtathe panatal peariadmndb o C
beyond. HCPsieed to provide # bedrock on which that positivity can thrive through
adequate and appropriate information provision gtlividualised womaistentred care

and supportWomen can thenfeel empowered tgositively engage with the services
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available to them to enhance theiregnancy health and pregnancy outconiéstional

Midwifery Review, 2016 & WHO2015.

Previous reductionist paradigm that the foetus is not affected by its enviroisreerding
as new evidence on epigenetigduny & Dillard, 2014) and foetal originsypotheses
(Barker, 2007)emerge For example, maternatress can adverselynpact on the foetus
and can have longerm consequences (Kluny & Dillard, 2014)ikewise, it is postulated
thatcoronary heart diseased T2DM may originatefrom maternal nuttion duringintra-
uterine development(Barker, 2007) Paul (2010) in her work on foetal origins of adult

diseasesuppors these views

Similarly, maternal nutritiordetermines the intrauterine environment (foetal programming)
and is critical for maternand foetal well being (Myatt & Powell, 2010), placental transfer
of long chain polyunsaturatefatty acids (Larque et al, 20}, Ifoetal growth andneural
developmen(Innis, 2007; Crawford, 1993 & Crawford et al, 1998)egnancy outcomes
(Salvig & Lamonh, 2012 and the longerm health of the offspringMcNarara & Carlson,
2006). Nevertheless, safatty acids cannot be synthesised by the bdldgy need to be
ingested in the maternal diet through foods and/or supplenietdaous work has shown
that though a physiological mechanism, an appropriate balance exists between AA and
DHA which can be beneficial for cathembrane stability and functid@hebremeskel et

al, 1999).This is an importanphenomenorsince abalanceof both AA and DHA is
required foradequate supplementation in pregnancy (Monique et al, 2006mbined
current datasuggest that LCPUFA®s pregnancys critical for optimal maternal and foetal
health, and possibly their pregnancy outcoms limited work is done @ women
supplementedvith fatty acids in diabetipregnancies,urtherwork of this phenomenoiis
neededo explore the impact on aternal and foetal outcomes irdaprived borough like
Newham whereno previous work has been done and whesgnant women can present
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with various co-morbidites, which may or may not be related @d. More detailed
explanation on the rationale for conducting this study can be found in chapter 1 under

Ojustificationo.

2.3.2 Background

2.3.2.1Diabetes Mellitus(DM)

2.3.2.1.1Prevalence ¢pbally and in UK

The global prevalence and incidence of diabetes mellitus (DM) have met epidemic
proportions In 2014, the number of people living with diabetes had risen from 100 million
to 422 million and that increase was more rapigniddle- and lowefincome countries.
Among adults age 18 and over, there was an increase from 4.5% to 8.7% {(World Health
Organisation (WHO) (2018)}. In 2011, the estimated prevalence of diabetes globally was

366 million and it was forecasted to affect 642 million by 2040 (Eteb UK, 2019).

In the UK, the pevalence in 2012 was 5.8 @ the population and this fige had
increased to 6.0 % 2013 and 6.26 in 2014. More recent|ythis number has doubled to
3.9 million, which when added to the near million undiagnosed Theatias who are
unknowingly living with the conditionthis equates to 4.8 million (Diabetes UK, 2020). Of
this total8 per cent has T1DM and the remaining 90 per cent has T@Di&betes UK,

2020)and about 44 per cent are women (Diabetes UK, 2015).
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2.3.2.1.2 Prevalence of diabetes in pregnancy

Diabetes is the most common faeisting medical disorder complicating pregnancy in the
United Kingdom (UK) (Diabetes UK, 2014 the UK, approximately 70000 women

give birth each yeaand up to 5% of theseamen have either prexisting diabetes or
GDM. Of the women who have diabetes during pregnancy, approximately 5% have T2

diabetes and 87% have GDM which may not resolve after pregnancy (NICE, 2015).

Since 1989, the St. Vincent declaration stated as ayfigear g o a | t hat t he
diabetic pregnancy should approximate thiathe nond i ab et i ¢ (Balene2p@ya n c y
Changes in management strategies in areas afgureeptual, antenatal and neonatal care
were acclaimed to that achievement, as dosty they were believed to contribute to the
reduction in the morbidity and mortality rates of infants of diabetic mothers. However,
despite the notion that care delivered within a radikciplinary context is paramount to
reduce adverse outcom@dICE, 2015) all highrisk pregnancies, including those with
abnormal blood glucose levels, continue to pose significant challenges to health care

professionals.

Consequently, management of the pregnant diabetic women is continuously an evolving
process,whitc t akes i nto account the aet,sa@ibogy
economic andifestyle factors which include adequate nutritioAlso, the political bias of
oneds environment at | ocal and nat iaenal
professionals need to face théssuesheadon in order to provide equity to all for whom

they care.
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2.3.21.3 Definition and Concept

Di abetes Mellitus (DM) is O0Oa metabolic
chronic hyperglycaemia wit disturbances in carbohydrate, fat and protein metabolism
resulting from deficiencies in insulin s
(WHO, 1999). DM occurs whennormal glucose metabolisinecomes impaired. He
pancreas does not produceoagh insulin that the body needs or when the body is unable
to effectively utilize the insulin produced by the pancreas (WHO, 2018). This defect in

i nsulin secretion is O6caused by autoi mmu
insulin action duedo insulin resistance, or bdihinsulin resistance is the inability of the

body to respond to and utilise aladile insulin (Matthews, 2008

2.3.2.14 Signs and symptoms

The signs and symptoms of diabet€able 2.) vary considerablyn the rate of oset, the
severity of the condition antthe type of diabete@olt, 2009) T1 DM canpresent acutely
with individuals being unwelbnd ketoacidosis without recognising initial symptoms or
subacutely with polyuriawveight loss, thirst and polydipsia (Meglg, 2011). 2 DM has a
latent, asymptomatic period of sghnical stages and remains undiagnosed for many years
(Ramchandran, 201Meeking, 2011 Symptoms for T2 DMcan include thirst, polyuria,
fatigue and blurred vision and individuals can presenh skin infections, cellulitis,
genital candidiasis or urinary tract infection and /nacrovascular and macrovascular

complications Table2.2) (Meeking, 2011)
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2.3.2.1.5 Cost to the National Health Servic@\NHS)

DM is a huge public health conceiata recently synthesizday Diabetes Ukhas shown
thatDM places a significant burden on the UK society apecificallythe NHS The NHS
spends approximately £10 billion annually on the disease and of that totais &p#nt
treating diabetic related comigations and accountedfor 1:6 hospital inpatienés
admissios. At the time of diagnosis of T2 DM, orhird of individuals have suffered a
microvascular complicatiorComplications includeé 530 myocardial infarctions and 175
amputationsweekly. Additionally, nearly 40% of people living with DM have some form

of psychological ll-health Despite these complications, 57% and 4i#ividuals with

Type 1 and T2 diabetes, respectively, do not attend all their annual diabetes review

appointmentgWhicher et g12020)
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Table 2.1: Features of Type 1 and Type 2 Diabetes Mellitus

Features Type 1 DM Type 2 DM
Age of onsat Any age, mostly adolescent Mostly in adults
Pattern of onset Sudden/Abrupt Slow/Gradual
Body habitus Usually thin or normal weight |Often obese or
overweight
Ketoacidosis Common Rare
Auto antibodies Usually present Absent
Genetic predisposition Moderate Very strong
Biochemical defect Autoimmune destruction of the |Insulin resistance
pcells in 90% of cases. Cause  |combined with
unknown in other 10% but there |mability of the p
1s impaired production of cells to produce
insulin. adequate amounts
of msulin.
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Table 2.2 Micro- and macrovascular complications of diabetes

Micovascular complications

Retinopathy

Nephropathy

Neuropathy

Macrovascular complications

Coronary

Cerebral

Peripheral

Presentation

Visual impairment or a chance

discovery

Proteinuria, hypertension or

nephrotic syndrome

Painful sensory peripheral
neuropathy, mononeropattogrpel
tunnel syndrome, amyotrophy or

foot ulceration

Presentation

Angina or mycardial infarction

Stroke, transient ischaemic attacks

Intermittent claudication, rest p

ischaemic leg

Extracted from Meeking, D. (2011) Understanding Diabetes and Endocririoldgyoblemsolving approach. p23

ail

32



2.3.2.16 Diagnosis

The diagnosiefDMismade on either a fasting whood
hourbl ood gl ucose of O011. 1mmol /1| after us
screening tool of 75g oral glucose load. Wsigns andsymptoms of diabeteis listed
above) a random blod gl ucose | evel 0 be ug2d fo.mbkenao | /
diagnosis of diabetes. Additionally, in 2011 WHO declared that HBAlc carbalgsed

for the diagnosis of the conditipbut this group was excludedbin this study Glucose

| evel s 04 8hoodiims & diagndsisSofDM, although it is stated that values
below this value does not exclude diabetes. Nevertheless, more scientific evidence is
needed to make that diagnosis (Diabetes UK, 2015; WHO, 2@lt&ynatively, many
complicationsof the digasehave been known to present witletrimental effects of
hyperglycaemia withspecific micrevascular (diabetic retinopathy, nephropathy and
neuropathy and macrevascular (coronary heart disease, peripheral heart disease and

stroke diseaseg¢Fowler, 2@8) which oftenledto diagnosiof the disorder (NICE, 2008).

2.3.2.17 Types of DiabetesMellitus

Various factors have influenced the classification of diabetes whicthlaagied over time.
As the aetiology of the diseasbecamebetter understoodt became more difficult to
categorisediabetes (Todd, 2010)F'1 DM wasrenamed from insulin dependent diabetes
mellitus (IDDM) which was previously referred to as juvenile diabetes. SimilB2\)M
wasredefiningfrom nontinsulin dependent diabetes melfit(NIDDM) previously called
mature onsetliabetes Gestational diabetes mellitus (GDMjhich is diabetes detected
during pregnancy following screening of women with risk factodkCE, 2015 will be

exploredfurther in chapters & 6. Additionally, other dassificationsof glucose regulation
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which are less common and less understast (American Diabetes Association, 20&0
2015 2009 (Table 2.3). Categorizingan individual into a diabetes type depends on the
circumstances at the time of diagnosis dametéfore many diabetic individuals do not fit
solely into a single type (American Diabetes AssociationDR0he Expert Committee on
Diagnosis and Classification of Diabetes Mellitus has recognised individuals who fit into
two groups whose plasma glucdseels are above normal values but not high enough to
be classified as having diabet@heseare impaired fasting glucogé~G) (fasting plasma
glucose betweef.1 i 6.9 mmol/l) and impaired glucose intolerance (IGZhurvalue

of OGTT, (7.8 i 110 mmol/l) which are often referred to apre-diabetes (Expert

Committee on Diagnosis and Classification of Diabetes Mellitus, 1997).

Below, a brief overview of T1 DM will be provided for an umbrella view of DM but T2

DM and GDM form the focus fahis study and will be explored in detail.
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Table2.3: Classification of other causes of diabetes mellitus

Endocrinopathies
e acromegaly
e Cushing's syndrome
¢ pheochromocytoma
e hyperthyroidism
¢ glucagonoma, somatostatinoma

Drug-induced
¢ glucocorticoids
e combined antiretroviral
therapy for HIV
e nicotinic acid
e pentamidine
e diazoxide
e thyroxine and others

Infections
e congenital rubella
e cytomegalovirus

Genetic syndromes
associated with diabetes

e Down'ssyndrome

o Klinefelter's syndrome

e Turner'ssyndrome

e Wolfram's syndrome

¢ Friedrichs ataxia

e Prader-Willi syndrome

Pancreatic disease
e pancreatitis
e cystic fibrosis
¢ hemochromatosls
e pancreatic carcinoma

Transplantation-associated diabetes

*Adapted from Amencan Diabetes Association (2002)in Scobie & Samaras(2009)
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2.32.1.7.1Type 1 DiabetesMellitus (T1 DM)

2.3.2.1.71.1 Prevalence

In 2015, approximately 542,0@bildren were living with T1 DM worldwidand regional
differences exist That figurewas forecasted tancrease when adts living with the
condition wee added. In the UK, the incidence is approximately 10% of all people

diagnosed (Diabetes UK, 2016).

2.3.2.1.7.1.Risk factors

Numerous studies have shown a link between T1 DM and faif8liefan et al, 2014) and
environmentalGillespie et al, 2004; Kaila et al, 2003 & Metcalf et al, 2001) factors and
viral infections (Rodriguealvo & von Herrath, 206), but the latteremains debable

(Shaheen et al, 2020, Scobie and Samaras,  P&izold et al, 2015

2.3.2.1.7.13 Aetiology

Type 1 DM is ametabolic condition in which the beta cells of the pancpeadice no
insulin. The rate of destructionavies between individuals but tend to be rapid in infants
and children and slower among adults (Zimmer et al, 198d)a cell destruction is
marked by production of antibodie®ver ninety per cent of the beta cells destruction
would have occurred befomgns and symptoms of T1 DM are manifested. This type of
diabetes is more commomang children and young aduylisutas the architecturef T1

DM becomes better understodtiis type can be detected in a wider spectrum aijes
(American Diabetes Associati, 2003. Individuals with T1 DM will require daily insulin

injections to manage their lifelong conditi¢dolt & Kumar, 2015.
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2.3.2.1.2 Type 2 DabetesMellitus

2.3.2.1.7.2.Prevalence

Type 2 diabetes mellitusTR2 DM) has met epidemic proportiongarticularly in
developing countries where approximately 80% of diabetics live (Nanditha, et al, 2016).
Worldwide (WHO, 2018) and nationally (ONS, 2019p DM is the most common form

of diabetes. In the UK, the prevalence is betwee@®% (ONS, 2019),stimated to be 1:6

(6% of the population). lere arenearing one millionndividuals unknowingly living with
undiagnosed’2 DM (Diabetes UK, 2019), which can have an impact on the prevalence

and incidence of the disease.

2.3.2.1.7.2 Risk factors

Risk fectors of DM Box 21) can be complex and varied. With the proliferation in the
prevalence and incidence, promotional work increases to raise awareness of the ris}

factors, some of which are considered preventable (Ramchandran, 2014).
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Age »32years

Family history of diabetes

Sedentary lifestyle

Recent weight gain

Uverweight / Obesity

Presence of hypertension

Gestational diabetes

Central obesity or upper body obesity

Adapted from Famchandran, 2014

Box 2.1: Risk factors of type 2 diabetes mellitus

2.3.2.1.7.2.3\ge

The prevalence of diabetes increases with age. In the UK, one in twenty individuals over
the age of sixtifive years has diabetes compared to one in five in the efyletyears and
over age group (DOH, 2002). Recent figures by Diabetes UK (2t#/8)shown a similar
trend. People in the most deprived areas of the UK are 1.5 times more likely than the

average to havbM, whatever the age (DOH, 2002).

2.3.2.1.7.2.£thnicity

Significant inequalities exist in the risk of developii@ DM which is more prevalent
amang the less affluent populatioNgnditha et al, 2018 0H, 2002). A prevdence study
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hasshown a higher incidee of 2 DM among South Asians than among their Calaca
counterparts (Akhter et al, 19942 DM among South Asians is estimated to be more than
150% between 2000 and 2035ge, urbanisatin andlifestyle factors were described as
major determinants with adverse intreerine environment and subsequentgepetic
changes labelled as contributory facto(slanditha et al, 2016).South Asians
(Bangladeshis, Pakistanis and Indians) are the largest ethnic groups in urban locations ii
the UK (Khuti et al, 2009)and T2 DM is 6 times more common among this gr@{pti

et al, 2009 Akhter et al, 1995and up to three times more common in A@aribbeans,

compared to the indigenous populatiékliiter et al, 1996)

Individuals in South Asianethnic groups develop diates earlier and with lower BMIs
(He at al, 200X Deurenberg et al, 1998l is hypothesised thawelutionary changes are
believed to be respons$éh for this. Traditionally, consumption of foods high in
carbohydratesamong these ethnic groups wasonsiderednecessary for dealing with
difficult nutritional provisionsand arid conditions in which they theirfore parentdived.

This in turn developed high efficiency in the metabolism of carbohydrates. However, as
individuals from these ethnic groupgcome westernisetiabits have changed to a more
sedentary lifestyle with the consumption of higigar, higkfat foods and processed foods
The beta cells then become unable to cope with the dietary changes, resulting in
hyperglycaemia and the diagnosis of T2 OMolt, 2009) The change in lifestylas
presumablyseenas symbols of positive achievemertowever, generalisation should be

avoided because dietary preferences among ethnic groups can be diverse.

A similar phenomenon is that the risk of diabetes in adult life is highest among those who
were &posed to intrauterine under nutrition and subsequent exposure to an affluent diet
resulting in a metabolic challenging environment and increased rates of T2 DM among

individuals in Asia and the Pacific (Li et al, 2010).
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2.3.2.1.7.2.%besityand sedentay lifestyle

In the UK, approximately twentfive per cent of the female population are obasd
thirty-two percent are oveseight (National Obesity Observatory, 2012ndividuals with

T2 DM are often obese or overweight (Holt & Kumar, 2015; Meeking 12012 DM is

often described as a lifestyle disease because environmental factors like sedentary lifestyl
and increasing weight are inextricably linked to the development of the disease state
(Boffetta et al, 2011)Approximately, 7580% of individuals wih T2 DM are obese. For
every 1lkg increase in body weight, there is a 9% relative risk of developing T2 DM
(Mokdad et al, 2000). T2 DM and obesigsult in insulin resistance (Ben Slama, 1997).
The infiltration of fat cells into the pancreatic islet satixacerbates the effects of insulin
resistance. This results in premature and rapid decline in the function of the beta cells in

maintaining an increased insulin output (Haslam & James, 2005).

Boffetta et al (2011) in erosssectionalstudy found a stmg correlation between BMI and
prevalence of DM among Asians by age, country and other risk faGengtics also has a
strong link to T2 DM; stronger than that of T1 DM (Scobie & Samaras, 20Z0).
epidemiological study among the Pima Indians has stewincreased risk of obesity and
T2 DM in offspringexposed tanaternal obesity and diabetes (Ma et al, 2(dititt et al,
2009. Sociceconomic factors are determinants of health and-befig (Psaltopoulou et

al, 2017). Low educational attainmentsahce of wealth and living in lomcome areas
and countries are believed to be predictorsveight gain anabesity (Cohen et al, 2013;
Kunst et al, 1998)independent of BMI, central obesity is strongly associaiigal the risk

of developing DM However the debate continues as to whether obesity is a problem of

the lower middle- or higher income households and countries (Dinsa et al, 2012).
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As diabetes and obesity reach worldwide epidemic proportions, the concept of insulin
resistance and its impach diealth are gaining more prominence to inform health policy
(Wilcox, 2005).0Other metabolic risk factors of raised blood pressure and hyperlipidaemia
are derivatives of hyperinsulinaemia developed from insulin resistance (Broom, 2006).
Obesity is often aociated with an increased risk of hypertension (Greenstein & Wood,

2011).

2.3.2.1.7.2.RAetiology

T2 DM is more common in the nuée- to olderaged individual$ut it is becoming more
commonamongyoungerchildren(Haslam & James, 2005), notableinyguar adul t s
years (Dabelea et al, 2009)his shift is attributedto a worldwide obesity epidemic
(Boffetta et al, 2011) resulting ithe dramatic increase in obesity in children and

adolescents over recent decades (Tilenius, 20H&&mond et al, 2005

The onset of T2 DM is very subtle in nature, in that, a person can unknowingly have the
condition fora considerable length of tinteefore they experience symptofas described

earlier)andthediagnosisbeingmade(Holt & Kumar, 2015)

2.3.2.1.7.2Z7 Complications of T2 DM

The complicationsof T2 DM can be debilitating and lifthreatening Table 2.2 has
outlined the micreand macrevascular complications of T2 DM. These complications can
worsenif blood glucose levels are not welbntrolled. Rahopathy can lead to blindness,

nephropathy to renal failure and neuropathy to leg and foot ulcers, limb amputation and
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sexual dysfunction/impotence. Cardiovascular disease and strokes are also common amor

diabetics Meeking, 201).

Cardiovascular diseass among théong-term complications of T2 DM (Vora, 20)@&nd

is more common among Asians (Jalal et al, 2019). This disease type can be inheritec
(Scobie & Samaras, 2010) but can be mitigated by lifestyle fackerfd&althy eating and
exercise Diabees is one of the leading causes of deaths. Globally, in 20il6stimated

1.6 million deathsvereattributed to diabetes (WHO, 2018). In the UK, 24000 deaths have

been reported as associated with diabetes (Diabetes UK, 2019).

2.3.2.1.7.3Gestational diabetes mellitus(GDM)

2.3.2.1.7.3.1Definition and concept

Gestational diabetes melltuségsany degree of glucose into
pregnancy, regardless of the gestation and whether or not medication is used for treatmer
and theconditn persists following pregnancydo (
2010). GDM develops at any time, but most commonly during the second and third
trimester (Pickup & Williams, 1991). This intolerance is of varying degrees of severity.
This definitionof GDM applies regardless of the management option and whathnet

the condition persists after pregnancy and/or if the glucose intolerance was undetectec
prior to the pregnancySo,a renowned problem of GDM is to clarify if this condition is
only aclinical sign or a distinct clinical entity with implications for the mother and the

baby (Hawthorne et al, 1993).

42



2.3.2.1.7.3.Prevalence and incidencef GDM

The prevalence and incidence of GDM varies between populations. The true prevalence o
GDM is unknown but its prevalence is increasing worldwide (Wan et al, 2019; Guariguata
et al, 2014). The incidence of the condition is increasing in parallel with the increase in
rates of obesity, physical inactivity and pregnancy in older women (Hunt &I8cH007,

NICE, 2015; AssaBalut et al, 2016, Farrar et al, 2016). This prevalence has further
increased with the use of new diagnostic criteria (Moses et al, 2011) and universal

screening which can increase the prevalence fourfold (Chamberlain et%), 20

The current estimate of GDM is between 13% and 30% (Wong et al, 2047%
dependent on the population studied and the diagnostic methoZhse& Zhang, 2016)
Reported prevalence are India 27.5%, Sri Lanka 9.9%, Bangladesh 9.8% (Guarigljata et a
2014), Canada-88%, (Bhattacharyya et al, 2008) with the highest believed to be in South
East Asia. Hirst et al (2012) reported a prevalence o6fLl6.8% in China and in 2006
China was classified as the second highest in the world (Enquobahrje1%). Saudi
Arabia is 12.5% and 3.8% by WHO criteria and American Diabetes Association criteria,

respectively (Al Rowaily & Abolfotouh, 2010).

Previously, a large mutgthnic study conducted by Dornhorst et al (1992) has shown a
higher incidence of GDNhN the norindigenous population, with a relative risk of 3.1 for
blacks, 7.6 for South East Asians and 11.3 for women from the Indian subcontinent. A
retrospective study by Akhter et al (1996) among Pakistani women living in Karachi
showed an incidencef 8.3%. Also, GDM was more likely in pregnancies of Tunisian
women older than 35 years for reasons such as obesity (Ben Slama, 1997). GDM wa:

evidenced in most of the patients studied by Ben Slama et al (1997), aftel"tveedOof
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gestation. But early diagnosis was made in 20% of that group and might be suggestive of

pre-gravid undiagnosed types 2 diabetics.

More recently in the USA, the prevalence is believed to range between 1 and 14% of all
pregnancies, depending on the population studied and ctieensng tests usedhis
equates td@% of all pregnancie@Nang et al, 2015)n the UK, diabetes affects 5% of all
pregnancies with 87.5% having GDM (National Institute of Health and Care Excellence
(NICE, 2015). In 2008, this figure equated to approxatya3.5% (National Collaborating
Centre for Women and Childrenés Healt h,

most diabetic pregnhancies are GDMu that that trend is increasing

2.3.2.1.7.3.Aetiology

Pregnant women develop GDWhen the bodygannot produce enough insulin to meet the
extra need of pregnancy (Diabetes UK, 20BDM occurswhen insulin secretion fails to

compensate for the elevated insulin resistance as gestation advances (Horie et al, 2015).

GDM arises during pregnancy; uslyah the second or third trimesteX. correlationexists
between GDMletectedat late gestation and changes in the placéataktion. Changes are
noted in the utereplacental circulatory system whereby thereinsreased intervillous
diffusion causing amismatch due to distancing of the immature villi and placental size
perfusion.Subsequentlythe foetus may be exposead chronicacute changes in gas and
nutrients resulting im change of functiondf h e p 1l ac e n foatusp mr @tme dte 6 m¢
potental source of adverse outcomnieis therefore not surprising thplacentas from GDM
pregnanciesandiffer from the nordiabetic pregnancies by an increaseetal placental

ratio and villous fibrinoid necrosis andw-gradehypoxia due to blood flow (Gxdpay

Benziv, 2015).
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2.3.2.1.7.3.Risk factors

The most recognised risks factors of GDM are previous large babies (equal to or greate
than 4500 grams), previous history of GDM, family history of diabetes, obesity (BMI
(B0kg/nT), ethnic origin especially of the South Asian, Black Caribbean and Middle East

groups Box 22).

Early detectionthrough screenings of great importance becausarly intervention is

necessary to reduce the maternal and foetal morbidity assbeidh the condition.

Box 22: Risk factors of gestational diabetes mellitus

1 BMI above 30 kg/m

1 previous gestational diabetes

f previous macrosomic baby weighi®g.5 kg

1 family history of diabetes (first degree relative with diabetes)

1 minority ethnic fanily origin with a high prevalence of diabetes

2.3.2.1.7.3.%creening and diagnosis

The need for screening at risk women for GDM has been highlightedrlyyresearcher
like O6 S u | dt al (49r8) and since then the criteria has evolved over the yeas,
the UK National Clinical guidelines have recommended that all women are screened by

assessment of specific risk factors at their first pregnancy appointment. Any pregnant
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woman (not previously identified as having type 2 diabetes) with one oe msk
factorsshould be offered an Oral Glucose Tolerance Test (OGTT) bet#esnd 28
weeksgestation (Farrar et al, 2018)GTT involves a fasting blood test followed by a
glucose drink then two hours later another blood sample is taken. Diagnosidesvhen
either the fasting plasma glucose leveCis6mmol/litre or if the blood level reading after
analysis isO7.8mmol/litre on the hour blood glucose test (NICE, 20MNICE (2015)
supports thiscreening practice and has identified tis& factors as outlined iBox 2.2.
However,screeningpracticesfor GDM vary between health institutions (Kennedy, 2017)
countries regions and yeafZhu & Zhang, 2016)Following the Hyperglycaemia and
Adverse Pregnancy OutcomdHAPO) study, recommendations were made liye
International Association for Diabetes aRdegnancy Study GroupADPSG) to address

the inconsistencies (Kennedy, 2017).

Historically, as seenn the North of England which has high levels of deprivation with a
significant number of births of women of South Asian origin and a fifth of WhitesBriti
women being obese, only women with risk factors were offered an OGTF2& @eeks
gestation. However, blanket screening was introduced, whereby all pregnant women were
screened at 288 weeks of pregnancy after a study conducted in that area highlight
rising number of infant mortality due to poor health of pregnant women in that city

(Hospital in North of England, 2012).

The screening approaches for GDM are universal or routine screening for all pregnant
women or selective screening for women witbk factors or a combination of both.
Universal screening should detect miogjh-risk women, while selective screeniagopts

a more specific focus ohigh-risk women only todetectthe condition(Zhu & Zhang,

2016. Hence, the latter is deemed moreteeféective Berger & Sermer2009)but may

not detect approximately 40% of cad€3stlund & Hanson 2003) particularly among
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wo men de emie fkvadrhea with GDM are usually asymptomatic and may not

have associated risk factors (Kennedy, 2017)

Basd onWorld Health @ganisation (WHO) 75g of glucose was used for the OGTT test
in the North of England study for women betweer286wveeks of pregnancy. The fasting
plasma glucose level for diagnosis v@s1mmol/litre ortwo-hour glucosed7.8mmol/litre
(WHO, 1999).The results of the study showed that the proportion diagnosed with GDM
increased almost fourfold after the introduction of the policy of offering a diagnostic
OGTT to all women compared to selectively offering the test. The proportisromien
having severe hyperglycaemia doubled following the change in policy (Farrah et al, 2015)
Another finding was that offering universal OGWhslinked toa reduction of admissions

to the reonatal unit for the whole obstetric population amongst those diegneih
GDM. There were similarities in thetes of Elb's palsy and fracturbsfore and after the
policy change. Regardless, the rates of these conditionsexeeptionally low,and the

ratio estimates had very wide confidence intervals which includgdssociation from a

marked reduction to a marked increase in risk (Farrar et al, 2015).

The benefits of offering universal testing and treatment of cases were also weighed agains
the cost of the service and the possible adverse effects to the womelh fides criteria

for the GDM diagnosis did not change during the study period, though it was evident that
before the introduction of universal testing three women were tested and each of them wa:
diagnosed with GDM, whereas with the introduction of ursgkscreening, each of the ten
women tested positively f@8DM. This meant that if it wagossible to increase the uptake

of testing with the universal invitation, the difference was likely to increase. Similarly, this
difference was likely to increase Wwithe uptake of testing with universal screening (Farrah

et al, 2015)
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Conclusion of the study suggests that offering all women an OGTT was associated with
increased identification of women with GDM and severe hyperglycaemia and neonatal
benefits were eveht for those diagnosed with GDM. However, there were no differences
in neonatal outcomes in the obstetric population. It was therefore not surgnesiggo

was identified as having GDMhen OGTT was offered to all women and GDM diagnosis

made based omé& WHO criterigd NICE, 2008).

2.3.3 Complications of T2 DM & GDM: maternal and foetal/neonatal

2.3.3.1 Effects on mother, foetus & neonate

Normal pregnanciesare nonpathological everst characterised bymultiple complex
hormonal adaptations to ensweontinuous supply of essential metabolites to ensure the
growth and development of the foetus (Zeng et al, 201ltcdSe inadequateamounts is
supplied to the growing foetus without causing hyperglycaeamd creating a risk
environment (Antonio Negratoet al, 2012).Hyperglycaemia, a common feature of
diabetes, is an indication of uncontrolled diabetes. Poorly controlled diabates,lprly
pre-conceptuallf CEMACH, 2007)and during the first trimester of pregnanénock et

al, 1997& Steel, 1990 are associated with an increased risk of obstetric and neonatal
complications, morbidity and mortalitfEasmin et al, 2015; GareMargus et al, 2012;
CEMACH, 2007;Ben Slama et al, 199Hod, 1996. Hence, pregnancies complicated
with T2 DM and GDM are cotidered high riskGenerally, pregnancy outcomes of women

with diabetes are poorer than that of women without diab€EMACH, 2007.

A plethora of evidence has shown an association between (okeini, et al, 2018
Kennedy, 2017; Gabbagenziv & Baschg 2015;et al, 2014) and DMAntonio Negrato

et al, 2012 CEMACH, 2007 and increased riskfor the motherfoetus ad neonateThe
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landmark HAPO2008 study has confirmed thigssociation with GDM¢Kennedy, 2017)
and for the prgestationaldiabetics(type 1 & 2), the findings of CEMACH 20022003
Diabetes Programmenmasked theublic health issue€oncerningpregnancy outcomes
within these groups (CEMACH, 2007) Better screening and@ntenatalsurveillance
including prepregnancy care, particularly for geexisting diabeticSNICE, 2019, the
introduction of insulin Ben Slama et al, 1997and a better understanding of the
conditions havethe potential foimprovedmanagement of pregnadiabetic mothesand
the achievement of a more positive maternattdband perinatal outcon{dlishikawa et

al, 2017 CEMACH, 2007.

2.3.31.1 Morbidity / Mortality

Diabetes in pregnancgan have immediate or losigrm effects to the mothethe
developingfoetusand the neonateA hyperglycaemic environment is respiis for not
only significantshorttermmorbidity in the foais and the neonate ban increased riskfo
developing diabetes andther chronic, nowommunicable diseasds adulthood life
(Mitanchez et al, 201% Hod, 199§. Congenital malformations, dbirth, macrosomia,
birth injury and postnatal adaptations (such as hypoglycaemia) are more common in babie:
born to mothers with diabetefo the mother, miscarriage, peelampsia, preterm labour
andinjuries during labour are common CEMACH report (200fese complications are
not exclusive to those with pexistingdiabetesput some are found to be associated with
GDM (Horvath et al, 2019; Garcidargus et al, 2012)Women with GDM are prone to
prenatal mortality and development of future diabeteshé UK, thirty per cent (30%) of

women with GDMdevelop T2 DM(Fahami et al, 2015)
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2.3.3.1.1.1Foetal loss

Foetal loss can be categorised into three main groups: those who spontaneously abort fc
unknown reasons or possibly diabetekated problemshbse who opt for a termination

for reasons of foetal abnormalities aatherwise and thirdly, those who continue the
pregnancy but experience a late loss prior to or following delivery. The losses can occur at
any time, but the first two seems more comnio the firsttrimesterand the latter during

the last trimesterCongenital abnormality is one of the reasons for spontaneous foetal loss
(Pickup & Williams, 1991) The magnitude of the increased risk of late foetal loss was
reported to have increased approximately fourfold in perinatal death and a fivefold

increase in stillbirths (Casson et al, 1997).

The increased risk of stillbirth, in diabetic pregnancies is well documertétough
stillbirth rates for these pregnancies have decreased duerdensy, treatment and
antenatal surveillance of these mothers, about 4% of all stillbirths remain attributable to
diabetes, and diabetic pregnancies continue to be at risk of prenatal mortality (Weissgerbe
& Mudd, 2015).Overall, increasing age is assateid with adverse pregnancy outcome and
the risk of stillbirth is increased after thiftive (35) years even after exclusion of

conditions like hypertension and diabetes (Ben Slama et al, 1997).

The incidence of pregnancy loss has had a rapid declinee the introduction of insulin
during the 28 century (Ben Slama et al, 1997) and is considered the medicine of choice
for treatment of diabetics during pregnancy and labour and delivery (de Valk & Visser,

2011)
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2.3.3.1.12 Congenital Malformations

The reduction operinatal mortality in pregnanciesmplicated with prexisting diabetes
mellitus remain one of the mosbmmon measures used to qualify the sucadsa
pregnancy outcomeret, the risk of having an infant wittongenitalabnormality remias
significantly highin diabetic pregnancigkeece & Homko, 2000; Carta et al, 1997; Hod,
1996) Tight glycaemic controin the early weeks of pregnancy, facilitated by good blood
glucose control from the preonceptual periodan reduce the incidencd oongenital
abnormalityin infants born to women with prexisting diabetes (Steel, 199®revention

of malformation was first recognised in offspring of diabetic kaltsch achieved good
glucose control during organogenesiri¢ksson et al, 1984 Also, as the teratogenic
process of the diabetic pregnancy is midttorial (Albert Reece, 1996 )ximilar outcome
may be achieved in a hyperglycaemic state, provided that restoration of normalisation of
free radicals and EFAs/phospholipid deficiency state eectified throughdietary
supplementation witpolyunsaturated fatty acids, myoinositol or antioxidaRisgce at al,

1996 &Albert Reece, 1996).

The incidence of congenital malformation varies between clinical populations (Carta et al,
1997) and ethnigroups(Garcia et al, 2015Kheder, 1992 Congenital malformation
increasedwi t h age and affected 2.7% of Tuni
(Kheder, 1992). Also,aised HBAlc values are associated with a significant increase in

congenital malformadns and foetal macrosomia (Visserd& Valk,2015).

The ratessubmitted to the Office for Neonatal Statistics remmaindefreported andnay
result in surveillance bias. The Diabetes Control and Complicatioted fleported a
prevalence of 4.7% among caools, compared to only 1.1% among the children of women

in the intervention grouplhis may explain why in a randomised controlled trial with well
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motivated, selselected diabetic women who received intensive treatment before
pregnancy, the prevalenceadngenital malformation in infants was similar to that of-non

diabetic women (NICE, 2008).

Pregnancy outcome®r women withT1 DM and T2 DM are simila(NICE, 2015) In
Casson et al (1997) study, five per c&fo) of infants born to women with pexisting

Type 1 diabetes had a-f6ld greater risk of congenital abnormality and a {iekl risk of
having a stillbirth. The prevalence of malformation in Casson, et al (1997) study was
similar to that in comparable studies. Of the sedesths noted, exclive of miscarriages

and stillbirths that totalled 19% (87), all except one of those infants had congenital
abnormality.No difference of congenital malformations was observed between Type 2
diabetics and those with GDM (Ben Slama etl@B7). Also,no inddence was reported in
GDM pregnancies in Pima Indians (Pettit et al, 198ofta (1997) in her study showed
that the percentage of malformation in offspring of Type 2 diabetic mothesfigher

than of women with Type 1 diabeteslespite the former hawig had better metabolic
control. However, it is important to note that oral hypoglycaemic drugs were used by the

former group during their pregnanciaslike more intensive treatment in the latter group

2.3.3.1.13 Macrosomia

The definition ofmacrosoma, like many issues relateddod i abet es i n preg
controversial and is an area forther debateWhatever that definition, it refers to birth
weight that approximates 4000g and over, irrespective of the sex of the baby (Jardim et al

1997).
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Macrosomia may be due to an increase maternal body mass index, increased body weigt
gain during pregnancy, absenceadkequatglacentation and cardiovascular complications

(Visser & de Valk, 2015).

Macrosomia is also correlated to time of insulinati@en Slama et al, 1997karly
insulination is highly significant in the reductiaf macrosomian GDMs. Compared to
the nonGDM woman, women with GDM have a higher incidence of macrosomia,
regardless of receiving treatment to manage their conditiorwéueth corrections were
made for gestational ages at birth (Jensen et al, 20@@\ever, the incidence of
macrosomia between GDMs and Type s similar (Cundy & McBride, 1993).
Additionally, intensive insulin regimen significantjecreaseanacrosomia r& in GDM
pregnancies from 29% to 10% but monitoring of fasting anehpal glycaemiahad no
impact onprevening macrosomia (Langer et al, 1994).Casson et al (1997) study, only
13.7% (43/344) of the study sample weighed less than the median bight vier
gestational age of the referedceohort. Hence, the resulhas indicated that infant

macrosomia remains a problem in diabetic pregnancies.

2.3.3.1.14 Intrauterine growth restriction (IUGR) and Pre-eclampsia

Preeclampsia and IUGR can have rieental effects on the mother and the foetus. These
complicationsare associated with reduced placental perfusion (Dessi et al, 2015).
Consequently, when a woman presents with either one of these conditions in pregnancy
both are monitored particularly ase-eclampsia is a major cause of IUGR,-pgam births

and perinatal deaths (Sibai et al, 200S)milarly, IUGR is associated with stillbirth,
neonatal death and perinatal morbidity whicblude cerebral palsyJacobson et al, 2008;

Kady & Gardosi, 200 & Barker et al, 1998 Additionally, abnormal placentation is a
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causal effect of preclampsiaDessi et al, 2015)ith congenital abnormitiegnfections
and drug and substance misugentified as causal effects of IUGR (Figueras & Gardosi,

2010)

Much controversyremainsabout the definition oRUGR, but more accepting is that a baby
with an estimated foetaveight below the 18 customised centile has an increased risk of

mortality and morbidity even without an abnormal artery Dopdtegeras et al2009.

Preeclampsia is characterised by hypertension and proteinuria and tend to occur after 2(
weeks gestation (Lopelaramillo, 2018). Adequate nutritios essentiain the prevention

of preeclampsia. Deficiency in EFAs and other nutrients whickude calcium, proteins

and vitamins are believed to play a key part in the development eéclampsia
(Vasiljevic et al, 1996). Also, increasing maternal age (Phipps et al, 2016) and/or being
overwei ght / obese (Levine et a | of devzloping pre i n c
eclampsia. Preclampsia is more common among women with diabetes compared-to non
diabetics and the incidence and severity of the condition increases with the severity of the

diabetes (Garner et al, 1990)

IUGR and preeclampsiawhen conbined with GDM, where metabolic and blood vessel
adaptations to pregnancy are saggimal, themorbidity and mortality on mother and baby

can be detrimenta(Dessi et al, 2015; Gabbd&enziv et al, 2015)Placental blood
perfusion can worsen resultingfailure to respond adequately to hormones such as insulin
leading to hyperglycaemia. Subsequenttiie effects camot only have immediate
consequences to the health of the mother and baby but may also impact on their future
health Dessi et al, 2015; Gahl -Benziv et al, 2015). As the effects of T2 DM can be
worse or in some cases similar to women with GDM, one can conclude that the incidence

and severityof IUGRandpec| ampsi a can be equally mea
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Early detection and managemeng aritical to improve maternal and foetaltcomesand
reduce longerm morbidity which includg cardiovascular, respiratory, central nervous
system, renal and hepatic diseases which are more common to women diagnosed ear

with preeclampsia compared wwomen diagnosed late (Lisonkova et al, 2014).

2.3.3.1.15 Gestational Ages at Birth

Compared to nodiabetic women, the offspring of GDMWMomentend to be delivered at an
earlier gestational agelénsen et al2000. In J e n s study) sherewas also a trend

towards a more prerm delivery in the GDM group although not statistically significant.

In a Tunisian study, prmaturity rate was 24% (Zanina, 1985) and trend was similar in
Ben Sl ama et #&lBénsSlafhaled @ (1997) study, doycasemEmaturity

was observed in women whose mean fasting glycaemia was <5.5mmols whereas it
concerned 33% of women whose mean fasting glycaemia exceeded 6.6mmols and that we
highly significant. Prematurity rate was 9% fdofype 1 diabetic motherand 14% for
mothers with GDMThe mean gestational agedaivery was 38 +/2.3 weeks for Type 1

diabetics and 38.6 +1.5 weeks for GDMs (Ben Slametal 1997).

The overall incidence of pierm deliveryin Akhter et ab $1996) study was 19.1%
(10.6% in exceéént control, 19.1% in moderate and 35.2% poorly contrpbed that was
highly significant Therefore,there was a greater significance with the pocontrolled
gr oup 6s Ealyp gestationkl . delivery was more common in the GDM group
compared to ta nonGDM; that was 10.5% GDM and.9% norGDM (Jensen et al,

2000).
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2.3.3.1.16 Mode of delivery

Jang et al (1997) in their study reported a significantly increased incidence of caesareat
section in the GDM group, despite good blood glucose contrehglyoregnancyln a
prospective study carried out by Sermer et al (1995), increasing carbohydrate intolerance
was found to be associated with higher incidence of caesarean sectioevestabhough

the incidence of macrosaanwas reduced with treatmeiht. Naylor et al (1996) study, the

caesarean sectioate remained high in the sgpoup with GDM.

A Tunisian study by Zanina (1985) found rates of caesarean section at 22% while the study
by Ben Slama et al (1997) had imcreasedate at 48%Caesarean sach delivery rates

of 32.9% for the GDM group compared to 21.0%mon-GDM were reported byensen et

al (2000). In other studies, theaesarean section delivery ratas 62%(Hawthorne et al

1993 and 25.9%Akhter et a) 1996. In the formerstudy, nneteen prderm labour started
spontaneously (Hawthorne et al, 1998 Jensen et al (2000) study 61% of GDMs
compared with 24% of ne@DM were inducedRegardless, foetal outcomes and the
frequency of various obstetric complications were reported asathe ;1 GDM and non

GDM groups (Lucas et al, 1993).

2.3.3.1.17 Admission to SCBU

SCBU admission rate of infants born to women with diabetes are higher compared to
infants of nordiabetic womenln Jensen et al (2000) study, 46% GDM and 12%-Non
GDM were admitted to SCBU for reasons like hypoglycaemia and jaunthicanother

study, 46.2% of babies delivered by GDM mothers were admitted to the neonatal unit
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compared with 11.9% of nediabetic women (Ben Slama et al, 1999§ those, me per

cent(9%) infants received intensive neonatal care.

2.3.4 Management of women with T2 diabetes and GDM

2.3.4.1 Overview

GDM and T2 DM share the same risk factorsand metabolic abnormalities (insulin
resistance and hyperinsulinem{@en Slama, 1997). Therefordieir management would

be similar depending on the severity of the cond#idior the GDMs, gestational age at

di agnosis would be highly significant wh
confirmation of pregnancy would indicate whea® individual is o the treatment
spectrum Whatever the diabetes type, a positive pregnancy outcome can be determined by
an i ndi vi dua lmbtgatienanch sefetmpowartentPotential risks can also be
minimised with high dose folic acid (5mgs daily), optimal gbméc control combined

with close monitoring of mother and baby during the antenatal period (CEMACH, 2008).

2.3.4.2 Structured education

Pregnancy complications are in part directly or indirectly related to some degree of
metabolic control, regardless dhe type of diabetesReducing complications to a
minimum requires that women have near to normoglycaemia during pregnancy. This can
be achieved through the joint effort of the specialist team and women themselves.
Diabetologic education which involveblet provision of adequate knowledge, skills and
motivation is the cornerstone to effective management of individuals with diabetes (Roura,

2003).
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Various health educational/promotional strategies need to be in place to effectively manage
women with preexiging diabetes from the pm@onceptual period and throughout

pregnancy. The Diabetes National Service Framework has recommended structured
education programmes for all diabetics and the DESMOND trial has shown the benefits of

such programmes for newly diagged Type 2s (Davies et al, 2007).

Women withGDM will benefit from similar programmegom screening to the postnatal
period and beyondAll health professionals working with diabetic women should be able
to support women to go through the various stagggegnancy from the pheregnancy

stage feeling confident and empowered to effectively manage their condition and maintain

a healthy lifestyle.

Adequate screening and having an appropriate referral system in place following diagnosis
of GDM is crucialto the management strategies to be employed, to optimise maternal and
foetal outcomes (NICE, 2015)or known diabetic women, it is postulated that-pre
conceptual care followed by ogous management throughoptegnancy until the
postnatal period are belied to be the most appropriate measures/strategies to improve the
pregnancy outcome of both mother and baby (Casson et al, 1997). Appropriate dietary
advice and/or intensive sdibme blood glucose monitoring and frequent adjustments of
insulin doses arealso believed to be important requirements to achieve a positive
pregnancy outcome. Additionally, early and appropriate referral of all clients with
abnamal blood glucose levels to aufti-disciplinary team (MDT) clinic is considered
paramount and esd#l to reduce the perceived riskssociated with maternal and foetal
morbidity and mortality (Pickup & Williams, 199NICE, 2015).This MDT approach is

also requird for women diagnosed with GDM to obtain tight control of their diabeied

promote posiive outcomes fomothers and their babi¢sICE, 2015).
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NICE guidelinedurtherrecommend that all women of chilgearing age with a history of
previous GDM shoultbe empowered through education on lifestyle factors during
pregnancy and upon discharge glan for their future pregnancies. Women should be
advised on spacing their pregnancies and how best to lead their lives through healthy
eating and exercise to prevent the disease transcending into T2 DM (NICE, 2015).
Although the advice is similar on spag their family, women with overt diabetes are
usually advised to aim to complete their family while young because as they get older, the
morbidity associated with diabetes can increase and/or become more severe and ca

complicate future pregnancies.

2.3.4.3 Oral and insulin therapy

Diet and lifestyle modificatiorare usually the first line treatment for women with GDM
and if this fails in controlling blood glucose levels, oral and/or insulin therapy is used.
Women with T2 DM and starting pregnancy @l medication woulaftenbe started on
insulin therapy and a more intensive regimen is started for those already on insulin

(Antonio Negrato et al, 2012).

Insulin therapy is the gold standard for treatment and prevention of hyperglycaemia during
pregnacy, when lifestyle measures have not maintained glycaemic control.
Hypoglycaemic agents such as metformin and glyburide are safe and acceptable
alternatives.Metformin crosses thelacenta butcompared to the benefits of reducing
neonatal and maternal hyglycaemiathere areno serious concerns aroutetrogenesis
Compared to metformin,ligpenclamide is better tolerated amebre effective in lowering

blood glucose in women with GDMesulting in lower treatment failure ragethan

metformin. However, metfmin remains the drug of choice as glibenclamsdeelieved to
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be associated witlhigher ratesof preeclampsia, neonatal jaundice, longéaysin the

neonatal care unit, macrosomia and hypoglycaemia (Kaira et al, 2015).

2.34.4 Ultrasound scans

Serial sans for the detection of foetal structural abnormalities are recommended. This
should include foetal umbilical artery Doppler before 38 weeks. In women with insulin
treated diabetes who are receiving steroids for foetal lung maturation, additional insulin
should be given according to an agreed local protocol and sheuitdonitored closely

with scangNICE, 2008 & 2015 & AlberReece et al, 1994

2.3.5 Maternal nutrition and placental function

Rapid physiological changes occur in pregnancy from the tine®mception until birth
Nutritional requirements increaséuring pregnancy (Blumfield etal, 2013) and
micronutrientsand macronutrientsieed to be tailored to individual needs to optimise
maternal and foetal outcoméslousa et al, 2019)increasingly,maternal nutrition from
preconception and throughout to lactation is shown to be criti¢daktas survival {i et al,

2017 growth and developmengdi et al, 2017 Palmer, 2011)and the homeostatic
pathways of the offspring (Palmer, 2011)aternal nutition determines the intrauterine
environmenia phenomenon referred to as O0feet a
term health of the infant is determined by the internal environment in which the foetus has
developed Ji et al, 2017 Myatt & Powell 2010; Wu et al, 2004). Therefore, good
maternal nutrition from conception and throughout is vital to have a positive impact on
pregnancy outcome and future health of the newld@regnancy outcome can be deemed
successful when the wellbeing of both motl@d baby are optimal. Effective synergy

between the maternal, placental and foetal systems is critical for this success which can b
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facilitated through good maternal health (Myatt & Powell, 2010)erefore maternal
overnutrition & undernutrition canbe detrimental to thdevelopingfoetus(Figure 2.1)

(Herring et al, 20Z; Wu et al, 2004).
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Figure 2.1 Spectrum of nutritional adequacy

2.35.1 Placental transfer of nutrients

The foetus receives itautrition from the mother via the placenta. Placental function
depends on the nutritional wellbeing of the mother and subsequently, its supply to the
foetus. Substances required by the foetus are selected by the placenta and comple
nutrients are brokenogvn into compounds which can be utilised by the foetus. Proteins are
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transferred as amino acids, carbohydrates as glucose andsfd#sty acids. Rcental
capacity increases as pregnancy advances and its size is determined by materpal nutriti
(Bell & Ehrhardt, 2013). Therefore, size can impact on placental function and any
reduction in the placental foetal blood flow can lead to conditions like utér@ne growth
to maternal and foetal wellbeingarticularly as some epigenetic evennodified by diet

can impact more than one generation (Danielewicz et al, 2017)

2.3.5.2 Metabolic changes in nomliabetic and diabetic pregnancies

Maternal metabolism changegysificantly during pregnancyThe key changes of lipid
metabolism during pregnancy are increase in maternal fat deposits and hyperlipidemia
(Herrera & OrtegeBenovilla, 2014), characterised by a rise in plasma triacylglycerols in
response to an increase nmaternal energy requirement (Hummel et al, 19%&)ltiple
adaptations occur to ensure a continuous supply of essential metalglliesse and
amino acids¥or the growth and development of the foetus (Zeng et al, 28id)meeting

the increased physimjical demands of the woman during pregnancy, labour and lactation
(Tucker Blackburn, 2013 Total metabolism increases 30% higher than in the- non
pregnant woman (Hamzah, 2015¢arly pregnancy (up to 20 weeks) is described as the
anabolic state and is m&d by an increase in maternal fat stores and accelerated placental

growth (TuckerBlackburn, 2013)

Maternal protein nutritiorplays a critical partn improving embryonic survival, growth
and developmenfoetal programming and alteration in foetal geexpressiarLow levels
can result in embryonic losses, intrauterine growth retardation (IUGR) and reduced post
delivery growth due to the absence of specific amino acids responsiliglforetabolism

and function.Embryonic death and IUGR are also sadh by an increase in maternal
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nutritional protein due to amino acid excesses and toxicity derived from amino acids
catabolism (Herring et al, 2018 Total concentration of protein decreases by
approximately 0.1g/dl during pregnancy due to increased aiidis and excretion
(Hamzah, 2015). Approximately 900g of new protein is synthesised by the mother, foetus

and the placental (ickerBlackburn, 2013

Maternal carbohydrate is metabolised into glucose whictsiscritical for maternal and
foetal wellbeimy. Insulin is necessary for regulation of these processes and the activity of
the beta cells increase during early pregnancy (Zeng et al, 2&da@rinsulinemia during
the first two trimesters of pregnancy is deemed responsible for promoting maternal
lipogenesis and fat deposition (Zeng et al, 20Approximately 34 kilograms of fats are

stored in the abdomen wall, breasts, hips and tiigaszah, 2015).

Placental growth is overtaken by foetal growth in the second trimésteesponse, the
placentastarts producing antrinsulin hormones (oestrogen, cortisol, progesterone and
human placental lactogenA\s pregnancy progressethere is a progressive decline in
maternal insulin sensitivityinsulin resistance)Sivan et al, 1999Buchanan, 1990),
increasing to 4570% by the 3 trimester(Kuhl, 1991) This triggers a cessation 6t
accretion and amcrease in adipose lipolysikiepatic glaoneogenesis andketogenesis
(Catalanoet al, D06, Boaden, 1996 which the foetusutilises in later pregnancy To

compensatewo- to threefold insulinsecretion occurs (Cousink991).

However, if beta cells are defective, women may present with hyperglycaemia in early
pregnancy fossible undiagnosed T2 dial®te and/or GDM may manifest in late
pregnancy Boada, 199§. This adaptive mechanism is ineffectivediabetic pregnancies
where maternal insulin resistance and defect in beta cell reserves and function alread:
exist. Consequentlydue to hyperglycaemiamaternal and foetal outcomesay be

adversely affeted (Homko et al, 2001).
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2.3.5.3 Long chain polyunsaturated fatty acids (LCPUFAsupplyin pregnancy

Long chain polyunsaturated fatty acids (LCPUFA) aseeatial fatty acidsHFAs) and
include linoleic acid (LA) (omega 6) and alphiaoleic acid (ALA) (omega 3) (Leaf,
1992). The major metabolites of LA and ALA are arachidonic acids (AA) and
docosahexaenomcids (DHA), respectivelyLike DHA, eicosapentaenoic acids (EPA) are
the most important metabolites of ALAmega 3 and omegafétty acidsare requred for

the growth and development of many organs, particularly the brain and eyes. Other
physiological functions include transportation of oxygen, energy storage, cell membrane
function, and regulation otell proliferation (Innis & Friesen, 2008\Iso, somemarkers

of inflammation have been associated with -amftammatory action with omega 3 fatty
acid supplementation and a possible link to matdioethl fatty acid transfeiSimopoulos,

2002 & Calder, 2002 The role of LCPUFASs, particularly AA anBHA in relations to
pregnancy health and outcomes has received great interest in recent ,deadidesarlyin

areas of neurwisual developmen{Crawford et al, 1989; Leaf et al, 1992; Colletta et al,
2010) and in optimising the health of pregnanciesnplicated with diabetes (Min et al,

2016, Min et al, 2014 & Thomas, 2005hebremeskel, 2004; Ghebremeskel, 3998

2.3.5.31 Foetal and neonatal supplgf essential fatty acidsHFAS)

From concefon, EFAs (AAandDHA) foetal demands are hidiecausehey are needed

for incorporation into the lipids of proliferating membrarfeauritzen et al, 2001 AA is
supplied mainly for foetal growth and development and DHA for development and
function of the nervous system (Lauritzen et al, 2Q0dpich includes the eyes and
particularly the brain which has accelerated growth during the second trimester (Colletta et

al, 2010; Martinez, 1992; Min & Crawford, 2004; Catalano et al, 1998).
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The foetus and neonate can synthesize AA & DHA (Poisson et al, 1993)pwssdily too

slow a rate to match its demand (Koletzko et al, 1996). The foetus depends on the mothe
for optimal supply of these nutrients (AA & DHA) due to its limited ability of synthesising
these fatty aciddt is estimated that the foetus accumudasdout 70 mg/day of ome@a

fatty acids; both AA & DHA but mainly the latter (Clandinin et al 1980, Martinez 1992).

LCPUFAs mainly AA, DHA, eicosapentaenoic acids form1B% of the volume of the

cell membrane. Any reduction of this amount may leadtalitions related to prematurity
(Crawford, 1993 & b), low birth weight and neurological impairmegi@onnor et al, 1992

& Crawford et al, 1976 Gestational length and foetal growth trajectory maso dbe
affected (Myatt & Powell2010). AA and DHA incrase thredold in human cerebellum

and cerebrum in latter pregnancy and the immediate postnatal period (birth to week 12)
(Clandinin et al, 1980)T'herefore, reduction of AA at full term (Leaf et al, 1992) and up to
the first few weeks following birth, maguggest that maternal supply of fatty acids is

critical for optimal foetal and the neonatal wellbeing (Koletzko et al, 1996).

2.35.3.2 Maternal supply of EFAs

Compared to the nepregnant woman, pregnant women have lower levels of blood and
tissue faty acids (Ghebremeskel et al, 2006yom week 10 of pregnancy, there is a
marked decline in maternal levels of AA & DHA (Otto et al, 1999 & Min et al, 2000).
Increased parity (Al et al, 199@nd lactation (Otto et al, 1999 & Min et al, 2000) are

associateé with depleted stores of AA & DHA.

Maternal supplementatias necessary because AA & DHA are higher in the foetus than in

the maternal circulation. Like other nutrients, AA & DHA are selectively transferred from
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the mother to the foetus via the place(imggarty etal, 1997. Therefore, the placenta
needs to have an adequate supply of these nutrients for uptake, particularly in the latte
stage of pregnhancy when the foetal demand increases. Any deficiency may compromise
pregnancy outcomes (Min & Crawfqr@004). At times of high foetal demand, AA &
DHA are met by maternal stores leading to depletion in the maternal sfitese( al,

1999. Therefore EFAs must be eaten by pregnant mothers through foods or supplements
because they cannot be synthesizgdhe body (Bell et al, 1997; Min & Crawford, 2004).
Foods rich in omega 3 are fish (such as salmon, tuna, mackerel & sardines) nuts and see
(such as walnuts, chia seeds & almonds) and plant oils (such as flaxseed oil). Pulses

poultry, green leaves amggetables are some foods rich in omeg@durre, 2005

2.3.5.3.3 LCPUFASs supply in diabetic pregnancies

Pregestational T2 DM (Hadden et al, 2003; Balsells et al, 2000 & Cundy et al, 2000) and
GDM (Wu, 2018 & Sweeting et al, 2016) are associated imitheased risk of perinatal

and maternal morbidity. These metabolic conditions can affect maternal LCPUFAs status
and this in turn can have an adverse impact on the supply of these fatty acids to the foetu

(Crawford, 2004).

Experimental studies on dialbsthave shown that the enzymes involved in the regulation
and synthesis of LCPUFAs are impaired. In other words, diabetes impairs the activity of
delta6 and delteb desaturase$ enzymes necessary for synthesis of AA and DHA

(Brenner et al, 2000; Poissehnal, 1992; El Boustani et al, 1989).

In nondiabetic pregnancies, DHA is taken up preferentially by the placenta and transferred
from the maternal to foetal circulation resulting in an increased supphgnous cord
blood levels inthe foetus comparetb the mother(innis, 199). In diabetic pregnancies

this process of DHA transfer becomes affect®lin(et al, 200% Thomas et al, 2005
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Wijendran et al, 2000Compared to women without diabetpegvious studies have found
that AA and DHA were signifiaatly lower in the red blood cellsiembranes ofvomen
with GDM (Min et al, 2016,Thomas et al, 2005nd T2 DM Min, et al, 2014Min et al,
2004 & 2005a, Min2006) and in the plasma and red blood cell of their childwin, (et

al, 2014;Thomas et al, 2(® Min 2005a & 2005b).

Also, infants born to mothers with T2 DM and GDM have shorter attention span and motor
function (Ornoy et al, 1999), low cognitive performance (L-8hyff et al, 2002 & Hod et
al, 1999) and a hkger risk of language impairmeabmpaed to women without diabetes,

(Dionne et al, 2008

Insulin therapy has the corrective ability by normalising fatty acids distribution in the cell
membranes through enhancement of the activity of @etiad delteb desaturases or by
improving the incorpation of LCPUFAS (Shin et al 1995; Poisson, 1989 & Poisson et al,
1992). Although this impairment may be corrected by insulin therapy, its effect on
maternal and foetal pregnancy outcome remains unknown and would be explored within

this study.

Strong evidence exists to support supplementation withL.CPUFAs to enhance both
maternal and foetal webleing in women whose pregnancies are complicated with diabetes
(Min et al, 2016Min, et al, 2014Gould et al, 2013; Thomas et al, 2005; Ghebremeskel et

al, 2004 Ghebremeskel et al, 1998).

2.3.6 Omega3 fatty acids and pregnancy outcomes (maternal and foetal)

The searchthe impact of omega fatty acid supplementation on pregnancy outconass
yielded very littlethat was relevant to answer the research emguin Phases 3 and 4

because the pregnancy outcostedies were done omomen without diabeteg\lthough
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pregnancy outcomes of women with T2 DM and GDM have long been stagedsible
explanatio for this was the management complexities which theseitoms present may
have deterred researchers fraranducting studies whichadded another management
dimension to an already challenging situatidtso, pregnancyoutcome data wagom
observational studies and RCWe&re on specific aspects of pregnanéygr example pre
eclampsigChenet al, 201% and preternbirth (Olsen, 200D Consequentlyno systematic
reviews or metanalysis were found on the pregnancy outcomes of women with T2 DM
and GDM after supplementation with omegydatty acids.Phases 3 and of this study

hope to fill this gap

An early review by Olsen et §1986) indicated that supplementation with om8dgatty

acid during pregnancy may increase foetal birth weight by prolonging gestation@ age.
RCT later followed to assess the efficao§ supplementation in the reduction of
preeclampsia, preterm birth and IUGR. Conclusions were that fish oil supplementation
reduced the risk of preterm birth but had no effect on preeclampsia and IUGR (Olsen et al,
2000). A Cochrane review conducted byalkrides et al (2006) showed a consistent small
increase in mean gestational length butsignificant effect in preventing preeclampsia

following fish oils supplementation.

Two reviews from the Cochrane Library on fish oil supplementation in T2 DM outside
pregnancy have demonstrated that supplementation had no effect of glycaemic control ir
T2 diabetics but lowered triglyceride and may raise LDL cholesterol particularly in
hypertriglyceridemic patients on higher doses of fish oils (Farmer et al, 2007t&ddoet

al, 2009).

No reviews were found on postpartum diabetic statusomen with GDMatfter fish oils

supplementatiout arecent metanalysis on omega fatty acid supplementation during
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second and third trimesters has shown no effect on the redusfidevelopingGDM

(Chen et al, 2015nd this was supported by a systematic review conduct&adgone et

al (2016) Also, aRCT conducted by Wu et al (2012) showed no relationship between
omega3 fatty acids and fish/seafood intake nor eicosapentadi®lA) and DHA in the
reduction of T2 DM although a modestly lower risk with alfihalenic acid (ALA) was
suggested. More recently, a systematic review conducted by Ostadrahimi et al, (2016) ha
purported that enough evidence did not exist to confirratidr or not omega fatty acid
should be routinely used in pregnancy to prevent or treat diabetes; indicating that further

research is needed.

Another systematic review and metaalysis of RCTs conducted by Saccone et al (2015)
has concluded that in wren with a previous history of IUGR and uneventful singleton
pregnancy, fish oil supplementation during pregnancy does not prevent the recurrence o
IUGR. Saccone et al (2016) in a subsequent systematic review found that there was
slightly improved serurtreative protein concentrates in pregnant women who received
omegaa3 fatty acid, and reduced incidence of hyperbilirubinemia and hospital admission in
the newborn. Regardless, they concluded that there was not enough evidence t
recommend routine supplematibn of omege8 fatty acid in pregnancy since
supplementation had no effect on the prevention ofeptampsia (PE), GDM, preterm
birth, small for gestational age infants, neonatal development and postpartum depression
More research was suggested asethgas a significant reduction in perinatal death in
women who started takingmega3 f atty aci d O Sihitrlyvaenetk s ¢
analysis has shown that there was no effect on the reduction of PE, pregnancy induce:

hypertension (PIH) and GDM (Chen et al, 2015).

The most recent systematic reviews conducted by Middleton @0&B) on the use of
omega 3 fatty acid during pregnancy Hasnd reduced incidence of preterm birth (<37
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weeks), very preterm birth (<34 weeks), low birth weight babres a possiblencreased
incidence ofprolonging pregnancy beyond 42 wegleductio of sick babies and neonatal
intensive care admission. There was no difference in induction of labour fongiosty
andpostnatal depression. In child development and growth, very few differences existed.
Conclusion from that study waat very litte or no difference existed between the
supplemented and nesupplemented group3hat hagaised the question on whether an
increased dosage could be more beneficial in the reduction @énpnebirth, low birth
weight babies and prolonging pregnanciése need for more empirical studiegas
suggested to establishand how outcomes may vary between indifferent populations of
women with different increasing doses of om&gtatty acid during pregnancy. Having
reviewed theoverall guidance on fish oil comsnption in pregnancy, Taylor et al (2018)
have found great variations ahdve suggested that to achieve impact, guidelines need to
be clear and memorabsd presenteth visual format supportedoy technology for the

logging of fish oil consumption in aktime.

Regardlessgonclusions from reviews by Saccone et al, (2016), Ostadrahimi et al, (2016),
Middleton et al, (2018) and others which are also of the same ilk have indicated that there
is not enough evidence to support or refute the use of fistsugiplementation in
pregnancy. This study hopes to contribute to answering the research questions around fis

oil supplementation in pregnancies complicated with T2 DM and GDM.

2.3.7 Client engagement

Adequate nutrition and exercise form the cornersfoneeffective diabetes management
and these lifestyle measures are critical for optimising glycaemic control foedbetion

of cardiovascular risk (Holt & Kumar, 201%8)nd pregnancy related maternal and foetal
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diabetes complication@NICE, 2015) Effedive managementan be facilitatedhrough
adequate engagement witke services that are available to pregnant woocoeipled with

professional help and support from HCPs (NICE, 2015).

In deprived boroughs like Newham, diabetic women could have beamgsténeir
pregnancyin poor nutritional health. By women participating in the nutritional trial, they
would have had additional advice on healthy eating and could have benefited from fish oils
consumed and the likely benefits which supplementation off€ethbined, these factors
could have enhanced womends nutritional
and foetal outcomed.herefore, i was necessary to obtain existing quality data to have a
better understanding of the so@oltural and ecomuic factors that facilitate engagement
That information was critical for the success of the RCTs (Phases 3 & 4) in areas of client

recruitment and followup care provision.

For decades, research evidence has highlighted ethnic healthlithesjua area like
nutrition andchronicillnesses such as diabet@sd pregnancy outcomeSomplex socie
economicand politicalfactors may in part, be responsible for this. Lack of investment in
researching the health needs of women from ethnic minority groups Mayhave
contributed to this inequalitgsnd may have denied this group which may have the greater

capacity to benefit from being researched (Sheikh, 2006).

Empirical evidence published between 2006 and 281& systematic reviewn Black,

Asian and Nnority Ethnic(BAME) patient and public involvement in social research and
found that ethnic minority patientsodo inv
and rarely progressed to the data analysis and interpretation phases (Dawson et.al, 201¢
Et hnic minority patientsd involvement th
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learning and a broader research interest which can be influential among and within their

cultural groups, resulting in better research engagement.

Pregnancy is ideabf addressing the complex and challenging needs of ethnic minorities
(Aquino et al, 2014pnd promote positive engagement with HCEarrent trend is that
increasingly, a higher proportion of pregnant women are seeing midwives as their first
contact when megnancy is confirmed (Care Quality Commission, 2018). Therefore,
mi dwi ves are in a privileged position tocg
contact a very positive one and using it to form the building blocks on which to form
meaningful,trustworthy, enriched and lasting relationships. Such relationships can thrive
by keeping women positively engaged with the services available while encouraging them
to make informed choices that would make their pregnancy experience a positive and
lasting one. This requires that women are provided with adequate and appropriate
information about the services that are available to them and through support and guidance
gain the confidence to access those services and be drigabeir personalisedvoman
centredcare pasi n meeting the requirements of

(National Maternity Review, 2016).

2.3.7.1 Policy strategies equity in care provision and delivery

Local and national guidance have evolved to imprgeneral health and wdbeing and
maternal and foetal outcomes amahgadvantagesdvomen Management of & pregnant
diabetic women ic ont i nuously an evolving proces
environment, culture, soclecaomic and nutritional factorsthe political ba s o f on

environment at local and national levels is also crucial.
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Since 1989, the St. Vincent declaratiopthe World Health Organisatistated as a five
year goal that the O6outcome of tdftherba abe
diabetc p r e g Claangesy id .management strategies in areas otqoeeptual,
antenatal throughout to include neonatal care were acclaimed to that achievement, a
combined, they were believed to contribute to the reduction in the morbidity and mortality
ratesof infants of diabetic mothers. However, despite the notion that care delivered within
a multidisciplinary context is perceived to be paramount to reduce adverse outcomes, all
high-risk pregnancies, including those with abnormal blood glucose leveiinae to

pose asignificant challenge to HCPs

Quality maternity care service and provision remain at the heart of the NHS which is
constantly striving for improvement (Care Quality Commission, 2018). Local governments
through strategic planning have dan goals to promote the wellbeing of their local
population. In pursuit of achieving that objective, Changing Childbirth was launched over
two decades ago and the quality of maternity care aeghpncy outcomes had improved
More recently, as part of ¢hNHS Five Years Forward View, NHS England in 2015
announced a major review of the maternity service. In response to this, the National
Maternity Review Report 6Better Birthso
becoming 6saf er , dengnofessigna and mareafamilysfreendly; wkeiren
every woman has access to information to enable her to make decisions about her care; ar
where she and her baby can access support that is centred around their individual neec

and cir cumst BaerndgysRevie,2@l6).. on al

The Care Quality Commission survey (2017
service reported small incremental improvements in all aspects of care including the
postnatal period. Obstetric and midwifery teams were theredaskth ensuring that

systems were in place and servieeseprovided in such a way as to encourage pregnant
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women to positively engage withCPsand thatservices should be constantly evolving to

meet the changing needs of women (Care Quality Commisxias).

By the end of the First World War, life expectancy in the UK increasedymad every 4
years but by 2010, that rate slowly decreased. Smmoaomic factors contributed to the
decline which was manifested through inequalities in health. fds¢ed to the Marmot
Review which was publ i s he dTha ®vied foand striki®o c i
differences in health between people living in wealthier and deprived comrsuGiatral

to that review was the recognition that a child could beadivantaged before birth and that
accumulates hr oughout t hat chil dés i fe. For
addressthe social determinants of health which included education, housing, income,
social isolation and dability. A framework of actionembedded witim six policy
objectives Table 24) was presented for action by national and local governments, but

primarily the latter (Marmot et al, 2010)

Table 24: Marmot review 6 policy objectives

Nos. Policy objectives
1 Giving eery child the best start in life
2 Enabling all children, young people and adults to maxir

their capabilities and have control over their lives

3 Creating fair employment and good work for all

4 Ensuring a healthy standard of living for all

5 Creatng and developing sustainable places 3
communities

6 Strengthening the role and impact othiealth prevention
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Ten years on and the review has shown that things have become worse, especially fo
women. The health gap has become wider between thehwemid deprived (Dixon,
2020). Compared to our European counterparts, the UK has poorer outcomes in some are:
and women from disadvantaged backgrounds are more likely to have ithe outcomes
(Marmot, 2019. Weawait t he report amed toBddriessome of Bi r
those shortcomings within its 5 years plan by providing more personalised and safer care
for women and their babies while reducing inequalities and improving birth outcomes
(National Maternity Review2016).The recent Ockendon regt (2020) has shown thatew

still have a long way to go in achieving safe midwifery care but we remain hopeful.

A womands pregnancy experience stretches
babyos | i f eoffamily meambersi fielsl theinwider social network and their
life-long interaction with healtbervices and their providers. This in turn can determine the
immediate and longerm health and welbeing of households, the wider population and

cost implications for the NHS anddal governments (Care Quality Commission, 2018).

Further result of the literature seatchsupport lhe phenomenomf client engagemertdan

be found in chapter 4.
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2.4 The Borough of Newham

2.4.1 Population profile

2.4.1.1 Sex, age and ethnic drgoution

The borough of Newham has a population of approximately 353,134 (ONS,. 2019)
2019, forty-sevenpercen (470) were females with (68%) of the population between ages
1864and 24 . 4 % E@dic8distybatiarm vgas Asiansd$.26), Whites (277%),

Blacks (17.%6) and other ethnicrgups 0.3%) (Newham London, 2030

This ethnic mix presents many challenges for health care service providers especially a
Newham has one of the highest birth rates in the country which is primarily from a
younger ppulation (Newham London, 2015 he average age of an individual living in
Newham is 31 with a median of 29 (Newham Census Demographics United Kingdom,

2011).
2.4.1.2 Religion

Religious groups within the borough were Christians 40%, Muslims 8.8%. Hiddo, 2.
Sikh, 9.5% had no religion, 6.4% stated no religion and 1.2% belonged to other religious

groups (Newham Census Demographics United Kingdom, 2011).

2.4.1.3Language

Two percent 2%; 863,000) of the population across England and Wales either sptke litt

or noEnglishas shown in 2011 censukhis figure reduced to 1% in most local authorities
except in areas like Brent, Tower Hamlets and Newham where there was a substantia
increase to 8% 9% of the population (ONS, 2015). The diversity of the borangians

that over 200 languages and dialects spoken in the borough which explains the ihtrease.
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2017,59% of the Newham population did not speak English as their first langusm@eP
living in the boroughwho spokeEnglish were 41%, followed by Benga(l3%), Urdu
(6%), Gujarati (30), Punjabi (36), Portuguese @), Hindi (2%, Somali (2%),Polish
(2%) and other European languages (13%¥0s MORI Social Research Institug918)
The population in Newham is constantly mobile and has become more Asmnsoving
into the borough as seen in the shift of languages spoken in previous datgpadpes
living in the boroughwereEnglish-spealkng (59%) Bengali (7.4%), Urdu4.4%), Gujarati
(3.3%), Lithuanian(2.76), Tamil @.3%), Polish 2.0%), Punjabi(1.8%), Romanian

(1.6%) and Portuguese (1.4¥B)ewham Council Communication, 2006

2.4.1.4Language and Halth

Data collected from the 2011 census has shown a correlation betweeroficiency in
language and poor health. Only 65% of those who wererditient in English enjoyed
good health compared to 88% of those who spoke English well. Also, access and
utilization of the available services can also be affected bypnaiiciency in English

(Newham Council Communication, 2006

2.4.1.5Language andEmployment

In the 2011 census, ngoroficiency in English was linked to unemployment. Employed
non-proficient females were 34% compared to 58% who were proficient at speaking

English Newham Council Communication, 2006
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2.4.1.6 Prevalence of diabete

Approximately10% of the adult populatio(26,50Q0 are diagnosed with Type 2 diabetes
mellitus (T2 DM) Newham has a very diverse population which has contributed to this
high prevalencd NCCG, 2017a; NCCG, 2017bThis hasimpaced on the number of
GDMs locally andsubsequentlythe future prevalence of T2 DM since up to 50% of
GDMs will be diagnosed with overt diabetes within ten years (Wu et al, 2016).
Consequently, the obstetric / midwifery challenges are varied and include diabetes in

pregnancy.

2.4.1.7 Birth rate

The population of the UK at mifl018 was estimated to be approximately 66.4 million
(66,435,550) an increase by 395,000 (0.6%); a similar increase to the previous year. The
number of births occurring in that year was 744,000 a decbga®% (1800.00) compared

to the previous yeama the lowest since 2006. In maD12, birth rate peaked by 813,000
but has subsequently decreased by 69(Q8fice of National Statistics, 2018a)jn 2015,

the birth rate in Newham was th& Bighest in UK and second highest in London (Aston
Mansfield, 2017). In that yeathere were 6226 live births (Astdviansfield, 2017) but by
2016 crude live birth rate was 18.7 per 1000 (Clark, 2018). Ovaraikt births were to

women between 2629 yearsRublic Health England, 201)3

2.4.1.8 Healthy life expectancyHLE)

In the UK, life expectancy in 2017 for males was 79.2 years and 82.9 for females. These
figures have remained unchanged in England (betweeni2@046) unlike other parts of

the UK (Office of National Statistics, 2018b). Historically, the HLE of borough of
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Newham is low compared to other local authorities and in -2015 it remained low at
60.7 for females and 65.3 for mal@iffice of National Statistics, 2018c) indicating that a
woman livingwithin the borough has poorer heattbmpared to national averageecent
datahasshown a fall in life expectancy in women living in deprived areas in England
compared to those in wealthier areas ofdbentry,but this is in contrast to those living in

more deprived areas like Newham (Office of National Statistics, 2018c).

2.5 Summary

60Di abetes6 and O6di abetes in pregnancy6 a
challenges to HCPs for many years. In the quest for HPs to address tiaflsages,
references are continually made to early empirical evidence for strong clinical decision
making. It is therefore not surprising that much early work, like that performed by
O6Sullivan (1973) on Oscreeni ngerdtoinfornc D M6
practice. Similar studies are stilbeingused byresearchers as a basis from which to work
when conducting relevant studies. More recently, the International Association of Diabetes
and Pregnancy Study Group (IADPSG) stgidyDPSG Consensus Panel, 2018)used as

the benchmarkfor screening supported by NICE guidance (2015) while pregnancy
outcome of this group is benchmarked on the Hyperglycaemia and Adverse Pregnancy
Outcomes (HAPO) HAPO Study Cooperative Research Group, 8P0The lack of
consistency probably explains why confusion still exists around the screening criteria for
GDM and other issues related to diabetes in pregnancy and the need for future researc

using these benchmarks.

The search revealed that there was lackaftgl on the screening criteria for GDM. NICE

had provided guidance that women with a previous history of GDM should be screened
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early after booking and if the result was normal, a284veeks gestation. However, it
remains uncertain whether in borougik® INewham with a highly diverse population and

a high prevalence and incidence of diabetes, whether women with other risk factors like
family history and raised BMI are screened too late. From the evidence, there is a strong
association with these risk drs and the development of GDM. Therefore, it was
pertinent to question whether other risk factors other than a previous history of GDM were
responsible for the early detection of G
gestati on) 4 weekd gestatidn)e diagn@d® of GDM on maternal and foetal

outcomes.

The resultof the literature seardmaveshownthatpregnancyutcomes of women with T2

DM and GDM to be sumptimal when compared to women without diabetes. Therefore, it
would be worthwhile to explore whether fish oil supplementation had any impact on
maternal and foetal outcomes, particularly as previous evideaseshown that most
pregnant women do not meet the UK recommended dose of at {8asbr@ions of fish
weekly with at least 1 portion of oily fish. Fish oil supplementation may therefore be
beneficial to meet this shortfall and improve maternal and Ifbetth and outcomes and

was therefore worth exploring.

Prior to embarking on the RCT, it was necessary to establish what factors impacted on &
womanos decision on whether to engage Wwi
guestion would havbkelped to facilitate a successful RQNo high quality data was found

on client engagement with HPs within the midwifery fraternity and on pregnancy outcomes
of women with T2 DM and GDM after supplementation with fish oils. Regardless, these
predictors wee used to assess maternal and foetal health and evaluate their pregnancy
outcomes using the themes generated identifiedbelow. Consequently, data generated

from this study will provide new knowledge in those areas.
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Various themes were derived from the literature search and will soon fdllmevresearch

paradigmsadopted will also be described.

2.6 The philosophical framework and research paradgms adopted

2.6.1 Thematic approach

A thematic approach is the utilization of recurring ideas and thoughts to guide the researct
under study. When applied to the analysis of research, themes are recurring regularitie:
emerging from analyses of previogtudies which help to structure the analysis and

findings of oneds research study (Bl axt el

Having explored the literature various themes were reoccurring, For example, on
6outcomes of diabetic pr egnareg mamsdmia, ow e t
birth weight infants, preterm birth, IUGR, hypertensive disorders (PIH, PE, eclampsia),
time and mode of delivery and admission to SCBU were common reoccurring themes.
followed naturally that the best line of research enquiry wasobneplication, thereby
focusing on similar maternal and foetal outcomes based on those themes previously
highlighted and discussed, anddstablishhow findings from this study comparevith
previous dataAs no previous research has been done on ta 8ADC, utilising existing
themes enabled me to draw on the work of other researchers to support or refute my owt
arguments and draw conclusiobased on the findings derived froeachphase of this

study (Blaxter et al, 1997k was simplyacaseofho -Dneenting the whe
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The objective of scientific and academic writing is clear communication (Re&asties,
1987). A thematic approach was deemed an appropriate analytic framework to provide
adequate contextualization for this study. It hasrd#d structure in the way the research
was conducted, written and findings reported by adding claiy hopefully it would

provide clear communication for the readBne research paradigms adopiatbws.

2.6.2 Research paradigms

Midwifery care is castantly evolving. Various initiatives have been launched from
Changing Childbirth in 1993, the National Midwifery Review (2016) throughout to present
day Ockendon reporOckendon2020); all with the focus on safety and the provision of
the best possibléendividualised care to women. Quality care has its foundation from
evidencebased midwifery research which informs strong clinical decision making.
Midwifery research follows a systematic line of inquiry to answer questions generated
from problems facedhiclinical practiceas| have described in thgersonal interesection

i n chapter 1 uVanbesrconstrictions and intecpeetatiorts oféreality exist
within midwifery. These are characterised by the unique way of working within the
discigine and conceptualisation of all related phenomena. It is from that philosophical
framework that research questions gemeratedcand the methodological approach of any

study is driveras | have demonstrated in chapteand 3, respectfully

Research padigms more associated with nursing are Positivist (Empiricist) and
Naturalistic (Interpretivist / Constructivist / Pgsbsitivist). Commonly used nursing
midwifery research methods are qualitative and quantitative in design and are characterise
by ortological and epistemological differences to wstend and conduct research

(Gortner1993 Parahodl997, Sapsford & Abbott 1992, &olgar & Thomas 2000)
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The construct of the qualitative designeant that this approach was adopted for
experimental chaptet (chapter 4).This chapter explored the factors which influenced
pregnant womenos decios the nutritbral stedy thes glesignw i t
allowed for an interactive, subjective and systematic approach to describeaviome v i e v
on engagement gavmeaning to those experiences by establishing the rationale for their
decision A nonr educti oni st approach was <conduc
thoughts, beliefs, behaviours, expectations and perceptass & Ellefsen, 20QPolgar

& Thomas 200 & Halcomb, 2021 Through questioning, it was imperative to allow
women to explain their reasons for engaging or not engaging and to gather as muct
i nformation as possible on womenods reald]
categorised for alysis. By allowing women to share their reality, a true conceptualisation
of the influential factorgo client engagement with HCR®uld have been captured and
shared As the data is subjective and open to interpretation, it is associated with the

Naturdistic/Interpretivist paradigniSchalki Thomas, 1990 &lalcomb, 202}

The quantitative design was adopted for chapfr$ & 7 whererelationships were
examined;cause and effect evaluated or test for effectiveness condiitagabinb, 2021

& Reaves19®). For example, in chapters 6 & 7, the effect of omggad omeg® on

the health and wellbeing and pregnancy outcomes of women with GDM and T2 DM,
respectively, were examined. This design lends itself to the reductionist paradigm where
the research coept is broken down into parts to be studied to provide concise data after
evaluation Halcomb, 202} It afforded measurability of the phenomena studiedgus
numerical data which was coded and evaluated in a systematic way with the SPSS
statistical analyss tool. Consequently, a more accurate account of the findings was
presented within these chapteféis design emerges from thedtivist paradigm which

places value ombjectivity, rdionale, prediction and contr¢gHalcomb, 2021)Also, the
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quantitative design was used for evaluation of the maternal and foetal outcomes in all
experimental chapters. The quantitative and qualitative issues under inquiry were codec
according to themesThis afforded clarity in data collection and analysis, the results

obtaned and theliscussion of the issues raised througtioss & Ellefsen, 2001)

The aims and specific aims are outlined hereunder.
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2.7 Aims

The aims of the research programme were to investigate (1)-8dtioal and economic
factors vhich influence engagement of pregnant women with health care professionals; (2)
Comparative pregnancy outcomes and postnatal health of women diagnosed with
gestational diabetes mellitus (GDM) in early, and mid to late, gestgtienods and (3)

The effectof omega3 fatty acid supplementation on the outcome of pregnancy in women

with type 2 diabetes and GDM and the postnatal health of women with GDM.

2.8 Specific aims

1. Diabetic (n=594) and nediabetic (n=243) pregnant women aged 17 to 45 were
recruitedduring antenatahppointment®r home visits in the firssecondand third
(up to 32 weeks gestatiomlimesters. Detailed demographic, secidtural and
economic data and the interactions of the women with health care professionals
were collected using questionnaire developed for the study.

2. Pregnant women diagnosed with GDM before 24 (n=212) and after 24 (n=226)
weeks of gestation were recruited after diagnasid up to 32 weeks gestation
Demographic, soctoultural, economic and clinical, obstetridata were
meticulously collected from hospital records and from the participants with the use
of a questionnaire.

3. One hundred fifty (n¥49) women diagnosed with gestational diabetes were
randomised and given DHA (n=75) or high oleic acid sunflowed sgleplacebo
(n=74) supplement until delivery. Comprehensive data was collected on diabetes

management regimen, pregnanaomplications (preeclampsia, miscarriage,
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preterm labour, etc.fpetal outcomgprematurity, macrosomia, low birth weight,
neonataladmission to special care baby unit, etc.) and postnatal glycaemic status
Also, detailed demographic, soetultural and economic information was gathered
with a questionnaire designed for the study

. Pregnant women with typ2 diabetes (n=96) were redted during their antenatal
visits in the first trimester. They were randomised into two groups and given DHA
(n=47) or high oleic acid sunflower seed oil placefa40) capsules until delivery.
Similarly, their matching controlgnondiabetics)(n=89) were also recruited in the

first trimester on their maternity booking appointments or on antenatal clinig visits
andrandomised and given DHA€40 and placebo (h=99Demographic, socio
cultural, economic and maternal and foetal outcomes were collected and

documented rigorous|yising a questionnaire designed for the study

This literature review providedontext for the following chapters. Chapter 3 which
follows describes the design of the study which involdes materials and

procedures used to coraduhe study.
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Chapter 3.

Study design and nethods
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3.1 Chapter overview

Chapter 3 builds on chapter 2 and provides the overall conduct of the study. In this chapte
| havedescribe the study design/method which included th¢ udy parti ci pa
process for all phases of the study, the definitions specific for this stdystudy
intervention and monitoring andlata collection process and the ethical considerations
(e.g. informed consent) and approval obtainedtlie study.The statistical analysis tool

used is also described.

| was responsible foro-ordinating all aspects of the study from-gptto study closeout.

My role also involved training support staff {staff midwife x 1 (ftithe) and
administrativestaff x 1 €ull-time)} on the conduct of the study using thteidy protocol
with local guidelines. @pervisionwas providedhroughout the research procekactively
led on screening for eligility, recruitment, consenting anfdllow-up of women | was
singlehandedly responsible fatata collectionand evaluationThe supporting midwife
focused mainly on recruitment while administrative duties were conducted mainly by the
administratorwith my help and suppartHowever, this was a muitlisciplinary staly
which was supervised by staffProfessor and Doctorjrom London Metropolitan
University and local Professor and Obstetrician and combined these senior and
experienced staff provided me with the supervision and support that | néeded

successfully cerdinate thistudy project
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3.2 Study participants

3.2.1 Inclusion criteria

This was a doublelind placebecontrolled, randomised, nutritional trial which was
conductedbetween 2007 & 2@ within the borough of Newhanan innercity area of
London wth predominantly a young and mobile population which is highly diverse and of

mainly Afro-Caribbean and South Asian ethnic groups.

Singleton pregnant womemho were nordiabetics or had either T2 DM or GDM aades
between 17 and 45 were recruited at Nam University Hospital (NUH)Ages were
grouped loosely based on th&i€e of National Statisticsage grouping, the fertile periods

i n a womanos | i f e a k&ltjyiblgtgpe 2 dabetice and their chatdhing a
healthy controls (nowliabeics) were recruiteck17 weeks All women with GDM were
recruited up to 32 weeks gestation. Nbabetic women were offered an oral glucose

tolerance test (OGTT) aB2veeks gestation to exclu@DM (flow chart 1.1).

After assessing for eligibilitand pror to meetingo discuss the study in detaal letter of
invitation @ppendix 3.Landa small patient information leafl€¢PIL) (appendix 3.pwere
posted to cliergwith their antenatal appointment letePILs were posted routinely with
booking appoitment letters for prgestational diabetics and with the invitation letter to
the GDES, for those with GDM. For the healthy controls, PILs were given when first
approached by the researchérberefore, mst women would have already received the
PIL in the post prior to their first meeting with the researchefise PIL wastranslated

into five different languages (Bengali, Somali, Urdu, Punjabi and Tamil) and therefore the
appropriate PIL was given. A sample of the leaflet in Bengali languape(dix 3.3and

the order form are encloseabpendix 3.1 The mainPIL (appendk 3.5) wasgivento each
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womanon first meeting For detailed discussion of the study and subsequent recruitment,
all women were given the choice of home or antenatal appointifusnts |y we®k),dt
which time the study was explained in detail while giving women and/or their family

members the opportunity to ask questions and address any concerns.

Non-diabetic women (healthy controls) were referred from the maternity booking centre
and routine antenatal clinics while diabetic (T2 DM & GDM) women were from the
specialist multidisciplinary antenatal diabetes clinic (SADC) where all women with
diabetes in pregnancy were cared for by a nuidtciplinary team comprising of a lead
Obstetician and Diabetologist and their supporting colleagues of similar and lower grades,
Diabetes specialist midwives (DSM) and nurses (DSN) and a dedicated dietitian. Women
with GDM were also referred from the weekly gestational diabetes education sessions
(GDES) which were run by specialist stffdSMs (including the researchea DSN and

dedicated dietitigh

After the initial meeting, wmen who showed interest were offered follow-up
appointment on their subsequamitenatalisit/s to the hospital orn their homesSeveral
episods of communication and visits were often necessary to initiate recruibuetitese
were guided by wo mennwhstherithey werém bedfollawbdap c e
Although time consumingit was necessarprimarily for cliens 6 i nf or me d
making to be respecteshd was critical to promoteclient engagementcompliance and
continuation on the studyrollow-up appointmentswith family membersand/or their
friendswere encaraged offering women thechoice to be supporteahd their decisions

respected

Women recruited were T2 diabetics (n=136), GDMs (n=458) anddradretic women

(n=243). All subjects (n=837) were includedtlve first arm of the study (chapter(@®hase
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1) (Graph 4.2 while only women who had a diagnosisGDM on OGTT (n=438)JPhase

2) and women with a diagnosis of GDM and consented to the nutritional arm of the study
(n=149) Figure 6.1) were included inPhase 2(chapter 5)and Phase 3(chapter 6)
respectively. Subjects with pgestational T2 DM (n=96and consented tgarticipatein

the nutritional arm of the study wersatched with consenting women without diabetes
(n=88) andincluded in the final arm of the study as indicated in chaptéPhase 4)

(Figure 7.1) (Flow chart 1.1 &Figure 3.1.).

Pregestational diabetics with T2 DM were referred to the SADC from their general
practitioners (GPs), outreach diabetic clinics and some womesrefsifed. Women
diagnosed with GDM were referred to the GDES within one to two weeks of diagnosis
with the condion.P| ease refer to oO6clinical pat hwa

on this aspect.
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Randomised (n=360)

Placebo (n=1EB)

Fish cils (n=172)
GO Control T2 DM
(n=78) {m=55] (=41}

GO
(=7E)

Control
(n=B2)

T2 DM
(r=50)

Figure 3.1 Distribution of subjects

3.2.2 Exclusion criteria

Women diagnosed with GDM on random blood glucose and HBA1c were excluded from

the studyto reduce variations in screening regimen and conflict when evaluating outcomes

measures. Also, these tests were not considered robust enough doantnfirmed

diagnosis of GDM Women were excluded if they wepgegnant with more than one

foetus, had knon major foetal abnormalities in the index pregnancy, and chronic medical
conditions such as sickle cell, kidney and heart diseases and HIV/AIDS. Women were alsc
excluded if they were planning to receive tocolytic or corticosteroids therapy, taking

omega Jupplements, allergic to fish and/or fish products and those who were vegetarians
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had a choice of whether or not they wanted to be included into the study. After re
evaluation, women with T1 DNh=19)were excluded from the analysis as recruitment of

subgcts within this group was small and could have affected credible statistical analyses.

3.3 Screening and diagnosis

Local screening and diagnostic criteria were broadly based on NICE 2008 guidance anc
the European Association for the Study of Diabetes (EASi8ria (1979).

3.3.1 Gestational Diabetes Mellitus (GDM)

Women who were deemed high risk had a random blood glucose at booking and an OGT]
at 16 weeks (or soon after booking appointment, if a late booker) a@8 ateeks
gestation, if that early reswtas normal Risk factors ofGDM were a previous history
GDM, macrosomia (birth weight 4 ki | ogr ams) , previous u
family history of diabetes (first degree relative with Type 1 or Type 2 diabetes), maternal
age 040 and either over 3eNorgrligenoosworneb wesee
also considered to be in thegh-risk categoryas currently specified in NICE (2015)
guidance,but at the time of conducting the study, ethnicity was not a risk factor for

screeningyet itwasused when evaluating all outcome measures.

Diagnosis of GDM was made with a fasting gise concentration @6.1mmol/l and /or a
2-hourv a | @.8mmal/l after 75g glucose challenge. An OGTT was regarded as the gold
stardard for screening fodiabetes The test involved overnight fast followed by taking
blood at 0 and 120 minutes with a glucose load of 75 gramisicose given to the woman
after taking the blood sampléa/omen who were diagnosed wittD& and who met the

WHO criterion of T2 DM were still classified and treated as GDNBis criterion follows.
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3.3.2 Type 2 diabetes mellitus (T2 DM)

At Newham, a dignosis of T2 DM was made on either a fasting blood gluchse

O7. 0mmol / Itwo-hourdb | boadr gl ucose of O11. 1mmol
screening tool of 75g oral glucose load. With symptoms of diabetes, a random blood
glucose | evel of @ 1oinake mdiaghosid of T2 mWNoneeh with u s
T2 DM were included in the study regardless of how the diagnosis was made but that

diagnosis should have been mademegnancy.

3.3.3 Glycaeted haemoglobin (HBAlcand blood glucosdevels

HBAlc measures glyeted haemoglobin which identifies average plasmacaga
concentrate i n ebdoed. HBA1c test results provide an overview of blood glucose
control or lack of it, when used in conjunction with blood glucose (BG) readings and an
i ndi v isthie aof dealth and welleing Target value during pregnancy was
43mmol/mol (6.26) (NICE, 2008 & 2015)and measured-#eekly according to local
policy to provide an estimate of glycaemic contréls pregnancy progressedBAlc
valuesare usually lowdue to increased erythropoieindthe decreased lifespan of the red
blood cells to 90 dayfrom 120 days(Lurie & Mamet, 2000)HBA1c drops between 12

16 weeks gestation, dropsenfurther between 224 weekgHanson et al, 1983 & Lind

& Cheyne 1979 and increases during the third trimest@?helps et al, 1983)
Conseqently, HBAlc screening throughout pregnancy is no longer encouraged as routine

practice.
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3.3.4Self blood glucose monitoring

All women with T2 DM & GDM were taught self blood glucose monitor{8@GM) and
asked to record their blood glucose readimga diary four times daily; on waking (pre
breakfast) and 2 hours post meals (breakfast, lunch & dinNerjnal BG values pre
meals were 4.0 mmolil 6.0 mmol/l and 4.0 mol/l - 7.7 mmol/l 2-hours postmeals
(NICE, 2008)unlike current target values of 4.0wol/I 7 5.5 mmol/l and 4.0 mmolil 7.7

mmol/l, respectively, as recommendedCE (2015).

3.3.5 Definition of Overweight and Obesity

The World Health Organisatiénslefinition for overweight and obesity were adopted for
this study regardless of etticity. Overweight is classified as a body mass in¢iMI)
026299kgnfand obese and A®diding © B6al hbsgitalmprotocol,
women with BMI>30 kg/m were referred to a dieticiafor lifestyle advice on healthy

eating and exercise

3.4 Data collection

Written informed consentorms designed fothe study &ppendix 3.5 and based othe
principles of the Declaration of Helsinlkdnd ethicdy approwed (appendix1.2) were
obtained prior to data collectioDetailed demographjcsociecultural, economicand
clinical informaion were obtained frorsubjects during on¢o-one interviews at the time

of recruitmentQuestionnaireslesigned for the studappendices.7 & 3.8) were used for

data collection. Questionnaires were developed based on discussion with investigators an
stakeholders eg. obstetadis, diabetologists, midwives, nutritionists and researchers and

they were piloted and modified.
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Maternal outcome measures included pregnancy complications, early (miscarriages) or late
(stillbirth) pregnancy loss and neonatal death. Data on hypertafisielers in pregnancy
(preec|l ampsi a [/ ecl ampsi a, or systolic blc
pressure 090 mmHg) , onset of | abour (ind
elective caesarean section), mode of delivery (vaginastedd instrumental or caesarean
section) and postpartum glycaemic status were also colleOtbér outcome measures
includedantepartum haemorrhag@ostpartum haemorrhage, cholestasigemia, ante
partumthrombocytopeniaand ronalcoholic fatty live but due to their small humbers,
they were grouped together égher pregnancy complicatiodsClinical data included

maternal diabetes status, and glycaemic treatment and control.

Foetal/ neonatal outcomes included birth maturity (extremely preterrweek8, very
preterm 2831weeks, moderate preterm-3@weeks, term 340 weeks & postmaturity
O41weeks), Apgar scores (1 minute, 5 mi
wei ght 02499gr ams) , macr os o mi aterifebgrowth h \
restriction (confirmed on ultrasoundmaternal age and ethnicityand gestational age
specific birth weight <9 centile), congenital abnormality, admission to special care baby
unit, reasons for admission (hypoglycaemia, respiratory distress syndooenegturity,

suspected infection and poor feeding/jaundice) and stillbirth and neonatal death.

Confounding factors included maternal characteristics of age, marital status, ethnicity,
religion, ability to speak Englislhody mass index (BMI) angarity. Sccio-economic
factors of employmenttatus of subjects and partners gmd-existing medical conditions

and obstetric complications developed in the index pregnaaoy also collected

Predictors of pregnancy outcomes were factors which influenced vioslend e c i s i

engage or not to engage with HCPs (experimental chapter 1), risk factors for early
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detection of GDM and the gestational ages at time of diagnosis of GDM (experimental
chapter 2, and omeg& and omeg® fatty acids supplementation or placebtake in
women with GDM (experimental chapter 3) and T2 DM (experimental chapters 4) and

establish how these have impacted on maternal and foetal outcomes (as outlined earlier).

Baseline data which included so@lemographic, medical and obstetric datrenvtaken at

the time of recruitment of women for all phases of the studingthe forementioned
guestionnaire (appendices3.7 & 3.8). For the index pregnancy, obstetric data was
collected prospectively from subjects through questioning and exanmnatio f WOo me
maternity haneheld records, the hospital case notes and electronic patient records (EPR).
The EPR system was also used to collect supporting clinical obstetric (past and current)
medical (past and current) history and biochemical (eg. hatgst and OGTT)

measurements.

Follow up of subjects and timing of data collection varied. They were-ftlidyespecific.

For subjects in Phase 1 (chapteadyl Phase 2 (chapter &gditional data on maternal and
foetal health and pregnancy outcome wepdracted following delivery.Following
baseline data collected for subjects in Phases 4 (chapter 6) and 5 (chagitesubjects
received a courtesy call one week after recruitment to assess how they were having starte
the study and taking the suppients and any relevant data was collected at that time.
Thereafter, subjectaere followed up 3-monthly from the date of recruitment until the
postnatal periodAt 28 gestational weeks, nahabetic women (only) attended for an
OGTT to exclude GDM and alfomen were reviewed at 36 weeks (when they attended
for a scan for a suistudy). Postnatal OGTT results were collected following the tests
which were offered @ weeks after delivery, for women in Phases 2 (chapter 5) and 3
(chapter 6) of the studyintervals for data collection were at recruitment and on folligpw

visits as indicated iflow chart 1.1
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Data collected was categorised and labelled into variables and coded for afaysis
example, study groupsdontrobT2 DM and T2 DM&6 ( e x p e r dpteredh ard |
gestational ages at time of diagnosis of
(experimental chapter 2) were useth the view of testing the hypotheses and achieving
the research aim/sAs detailed below in the ethical approval amdormed consent
sections, the services béalth advocates / translators employed and approved by the Trust
were utilised forinterviews anddata collection from women who spoke little or no

English.

3.5 Ethical approval and informed consent

Application for ethical approval for this study was sought by collaborators from the
London Metropolitan Universityethical approval was granted by the East London and the
City HA Local Research Ethics Committee 3 (REC reference number 06/Q06@5489)
registered wh ISRCTN Register (REC reference no. ISRCTN68997%aBpendix3.9).
Local approval was also granted from the hospitapéndix 3L0) which provided
insurance cover for the studgppendix 1L The principles of the Dedlation of Helsinki

and Good Clircal Practicewere applied throughound formed the basis for written
informed consent from participantaformed consent forms, PILs and questionnaires were
approved by the ethics committeBILs were translated in five commonly spoken
languages Tamil, Punjabi, Bengali, Urdu, and Somaljthin the boroughNon-English
speaking women were supported by healllvocates (translators) employed by the Trust
(Newham University Hospital Trust) and weteo mp | e me hangeadel b pvbich

was an external trelation services approved by the Trusit investigators, researchers
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and subjects were blinded to the allocation of supplemdaténg recruitmentand

unblinding occurreanly after the completion of the study

The supplementsised within this study arlicensed and on sale in health shops,
supermarkets and chemists in the UK and other countiesaen weranformed of this
and advised to report angossible side effect€Checks were also madme week after
recruitment andon follow-up appointmentsas indicated above irflow chart 1.1 A
dedicated mobile telephone numbdatked to myselfwas given to women for use at

anytime of the day including out of hours.

3.6 Intervention and blinding

After recruitment, women were randomly assigned to eithatrtrent or placebo group.
The treatment group received two gelatine capsules a day containing DHA enriched
formulatotalling 600mg DHA and 200mg AA from the time of recruitment until delivery.
For the same period, the control (placebo) groups received gelatine capsules
containing mainly teic acid (721 mg) for daily useCapsules for both groups were
encapsulated in identical oblong soft gelatin (75 mg in size) and to prevent oxidatign, 10
of vitamin E (dalpha tocopherol) per gram polyunsaturatetyfatids was added to each
capsule Allocation of supplements was as outlined in the supplement protagpéfdix
3.12). To maintain thequality of the supplementsthey were stored ima cooland dry
cupboard, away from direct sunlight. Daily temperatirecks were done at varied times
during the day to ensure that the temperature ireedawithin the guided range d@f20
degreedo monitor the stability of the supplements adherence to research governance,

the cupboard, was kept locked at all timed asas accessiblenly by the research team
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Supplements were provided by Equazen/Vifor Pharma Ltd. (Glattbrugg, Switzerland)
which was responsible for randomisation generated through a randonOcgl¢he Data
Manager knew the randomisation codes whige assigned in batches of nine bottles per
subject and distributed three bottles at a time which was planned around routine antenate
follow-up appointments. Unblinding of allocation was made available to investigators,

researchers and subjects afteadatalysis.

Non-diabetic women received dietary advias healthy eating in pregnancy, initially by
the booking midwife and this was reinforced by research staffecruitment All T2
diabetic women receivethore targetedindividualised advice and asupprting healthy
eating advice sheefafpendix3.13) was given at bookingand they were monitored
throughout till delivery. For this group (T2 DM) peto-one consultation with the
dedicated dietitiain the SADCcontinuedbased onndividual need if blood sugar lesels
were unstableNomen diagnosed with GDM received similar dietetic input as women with
T2 DM from the point ofdiagnosis of the condition amdiucation received on their visit to

the GDES and throughout till delivery

Contemporaneous record$ the supplenens were kept to ensure the correct code
allocation to subjects on recruitment and on folgpwvisits.Each subject was allocated an
individual distribution record sheet arall supplements dispensed were loggedaon
electronic spreadshedthat rigorousprocess alloweébr easeand accuracyf distribuion

and monitoring of compliance
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3.7 Compliance

3.7.1 Self blood glucose monitoring

As previously mentionedatget vales for blood glucose valugsebreakfast and post
mealswere4.0-6.0mmol/l and 4.&/.7mmol/l, respectivellWo me n6és bl ood g/l
(BGLs) were reviewed individually and holistically wittheir activity/exercise diet and

the general health and wellbeing of women and their babifestyle advice on health
eatirg and exercise werngrovided by a dedicated dietician for pregnant diabetic women
and by theDSN & DSM. For women with unstable BGL.ghey received dietetics input
throughout pregnancy until delivery; based on negfiéstyle advicewas reassesdeand
individual care plans put in place. Where necessary, womere re-taught SBGM. A

diary was given to each woman to record their glucose readihigh were reviewed on
each antenatal visiA weekly telephone clinic run by a DSN for women considered high

risk with unstableBGLs alsoproved beneficial.

3.7.2 Supplements

Compliance was monitored on follemp visits, tmough courtesy callsand keeping
comprehensiveecord of supplements takemRegular phone calls (including eot-office
hours) weranade,andfollow-up visits were at thbospital andir home visits. Following
the initial dispensing of the supplememtt recruitment, women weggven further supply
at 3 months and 6 montlfsom the date of recruitmengind monitoring also occurred at

those tims. Supplements were discontinued at delivery.

Women were encouraged to bring their supplement bottles (including empties) on their

follow-up appointments and a count was made and documented. For those who did no
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bring their bottlesa home visit waglone or womenwere asked to provide via text or
telephone calla count of the sealed bottles and the remaindsugblements ithe bottle

in use.

Food diaries were given to women foompletion,but the return rate of the completed
forms wadow, and thequality of the returned forms was poor. Consequently, the decision

was made to omit data from food diaries from the analysis.

3.8 Clinical pathway

3.3.10verview

All pregnant women with diabetes (GDM and T2 DM) were monitored in the combined
specialist antenatal diabetic clinic (SADC) throughout until delivdny a specialist
multidisciplinary team as previously describ®domen were given access to the direct line

for the specialist team and bleep numbers for the DSM and DSN were also made available
to them with the view of optimising BGLs at the earliest opportunity to minimise any
likely adverseevents Teaching was provided for women to become informed about
diabetes on pregnancy and pregnancy on diabetes. Also, women were provided with
relevant infomation on care provision within the SADC to enable them to engage with the

specialist team and make informed decisions about their care.

Follow up appointments were dependent of diabetes type, BG control and maternal anc
foetal and health and wellbeing. weekly telephone clinic service was also provided to
review the BGLs of al | women who were

concernregardless of thediabetes type.
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3.82 Pregnantdiabetic and nordiabeticwomen

Women were referred by their G NUH maternity department for booking soon after a
pregnancy diagnosis was ma&me women alsoedf-referred The aim was to book all
women before 10 weeks gestation. Early booking was necessary to collect information on
current and past medical, mital and norclinical information for early identification of

ri sk factors, to effectively plan women
maternal and foetal outcomes (NICE, 2016). Follow up appointments were then planned
and women and theirabies monitored during antenatal visits with blood tests, physical
examinations and scans. All diabetic women were followed up in the SADC anrd non
diabetic women in routine antenatal clinics or in specialised clinics for conditions like
hypertension. The an-diabetic women for this study were recruited from the maternity

booking centre and routine antenatal clinics.

3.8.3 Pregnant women with GDM

At booking, women with risk factors of GDM were offered an OGTT at 16 and/or 28
weeks gesttion. Once a diagnasiof GDM wa made as outlined above, women were
offered an appointment withit-2 weeks period to attend the GDeducation session
which adopteda multidisciplinary approach with a diabetes specialist midwife (DSM),
diabetes specialist nurse (DSN) and atidian and in keeping with NICE (2015)

recommendationghe national body by which the SADC is governed.

GDM and its potential risks to mother and baby were explained. Teaching on lifestyle
factors of healthy eating and exercise were discussed witl@ncontext ofwomen

managing their diabetes and thiéal role those factors plaiy optimising maternabnd
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their foetal healthand wellbeing. Educatiowas supported by a healthy eating leaflet for
reference dppendixs). Womenwere advised tavalking for at leas20-30 minutesiaily as
physical exerciseluring pregnancy have shown benefitamproving glycaemic control

and inpreventing and treating complications during pregnancy such as GDM and obesity

(Filhol et al, 2014).

Women were taughte$f blood glucose monitoringSBGM) on a 1:1 basiso empower

them to take catrol of their health and welbeing They were advised to monitor blood
glucose levels (BGLs) four times daily; on waking (preakfast) and 2 hours post
breakfast, lunch and dinner atfiey were advised to contact the specialist team if their
reading were outside the normal ranges (4.0mrd/Ommol/l on fasting and 4.0mmol/I|

I 7.7mmol/l 2hours post meals). Local values were formulated based on NICE (2008)
recommendations and with meideration given to the local clientele. The acceptable
normal ranges of BGLs and the interval between food consumption and testing remain

historical debatable issues.

At the end ofeachteaching session, individigalere given the opportunity to evaleat
their results within the context of the normal ranges and advice was given on the actions
necessary wheresultswere abnormal Additional practical help was provided at the end

of each session toawnen who expressed anxiet®und SBGM.

Teaching sessns were opened to partners, family members and/ or friends to enable them
to provide support to the newly diagnosed women with GDM, at a time which can be most
daunting and stressful. Also, the wider family circle would have received the teaching and
shaild have benefited personally are better able to support women to successfully

manage their condition and ultimately improve their pregnancy outcomes and postnatal

health.
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Women with GDM were offered a follow up appointment in the SADC a week after
attendance to the education session and were reviewed on an average wéeks
intervals and weekly if BGLs were unstable. SBGM was stopped during the immediate
postnatal period provided that their BGLs were stable. SBGM continued if their BGLs
were out ofrange and women were reviewed on their follmgvappointments-8 weeks

later by members of the diabetes MDT.

3.8.4 Pregnant women with T2DM

Pregnant wmen withT2 DM were given the earliest appointment once the pregnancy was
confirmed. On the first appaiment in the multidisciplinary specialist SADC, women were
seen by a Consultant Diabetologist who reviewed their blood glucose readings and a plar
put in place for future followup appointments. On ¢hinitial appointment, women were

also reviewed by an I&3tetrician with whom a Diabetologist would have conferred prior to
devising an individualised plan of care. This was deemed necessary to embrace the
multidisciplinary approach to care to achieve to peezk benefits of this notioand in

keeping with reemmendations from NICE2008 & 2015)and local guidelines.

Women with T2 DM were taught SBGM prior to being referred to the SADC and their
skills were reassessed by the DSMs or DSNs on arrival to the clinic. Any issues related to
SBGM were addressed amtients were monitored through review of their BGLs and
guestioning during -2 weekly antenatal clinic appointments. Women were also
encouraged to call the specialist midwives/nurses if BGLs were out of range and/or they
had any concerns with SBGM, and evh issues were raised, one to one teaching ensued.
Women with T2 DM continued SBGM beyond discharge from hospital as that activity

formed part of their daily routine.
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3.9 Pharmacotherapy

Pharmacotherapy (oral amiabetic medication and/or insulin theydpwvas commonly
usedin the management of glycaemic control for women with T2 DM;pgsegnancy and
during pregnancy. Women with GDM am¢hose BGLs were not controlled by lifestyle
modification during the antenatal perjodilso received similar treatmentOral
pharmacological agent was metformin which was considered the effectiesubin dug

of choice during pregnancyAn individualised sliding scale regimen was provided for the

intra-partum period for all women on medication.

Postdelivery, antidiabetic medication was stopped fall womenwith GDM and their
diabetes control waseviewed. A six to eight weeks OGTT wa$fered, and lifestyle
modification behaviour was encouraged. Women with abnormal BGLs at this stage were
followed up in the outreactiabetes clinicaand those with normal results were to have
annual diabetes review; arranged by their G®smen with T2 DM were returned to their
pre-pregnancy medication regimen, unless otherwise indicAlsd, they were followed

up in the outreach dietes clinic within six to eight weeks.

3.10 Statistical Analysis

Methods used to analyse the data will be described in eaapter,but independent

vari ables were used to assess their i mp
participation inresearch, early and late diagnosis of GDM and maternal and foetal
outcomes with and without supplementation with omega 3 fatty acids, throughout to the
postnat al peri od. Vari abl es included wo

employment statustheir ability to speak English, gravida/parity, gestation at time of

106



approach, chronic medical history, angégmancy complications developétBAlc levek
at recruitment and prdelivery and antdiabetes treatmer(pre- and during pregnancy)
were recordé. Occupation was classified using the Registrar General Social Class Scale

(1912present).

Pearsonods Chi sqguare analyses were useo
confounding variables and predictors. lexample,to establish the relationshipetween

|l ack of engagement and pregnancy out come
was used. Also, Chi square test was used to evaluate any differences in pregnancy outcon

data.

Independent fest analyses were performed to compare idedtifpredictors with
confounding factors and predictors and pregnancy outcomes. The independent samples T
test was used to assess whether the means of those in the active and placebo gmoups diff
in terms of birth weight and ggar scores, in keeping witicCormick et al (2015) model

on hypothesis testing. Based thieory of variance as outlined by (McCormick et al, 2015),
the assumption made was that birth weight and Apgar scores which are continuous
dependent variables, are normally distributed and oflainaariations within the active

and supplemented groups (homogeneity of variance). Therefore, the Indepetelsnis T
deemed appropriate for use in testing whether the means of women who received fish oil:

and placebo diffeint hei r b ab i Apgd scoves atd,b tand A0hmdnutes.

Anova test of homogeneity of variance was used to test if there were differences betweer
the fish oils and plad® groups withe.g.,birth weight andApgar scores were statistically

significant.
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IBM SPSS for Windowgversion 25) (IBM Corporation, Armonk NY, USA) was used to

perform all statistical analyses. Statistical significance was defined(a85s

In each chapter, the statistical analyses relevant to those chaptdére discussed further

The following chpter 4has examinethef act or s t hat i nfl uence
decision on whether or not to engage wi@iPson the nutritional studgnd the impact

thatthatlevel of engageent orlack ofengagemerttad on pregnancy outcomes.
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Chapter 4.

Factors that influence
engagement of pregnant women
with health professionals: impact

on pregnancy outcomes
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4.1 Chapter overview

In this chapter, | havexplored the factors which influencedo m e dedisonon whether

or not to engage wittHCPs and the impact of their decision on maternal and foetal
outcomes To do this, womenvith T2 DM, GDM and without diabetegere approached
by random dslection and offered the opportunity to take part in the nutritional stundly
information on their decisin, sociccultural, economic and clinical data collected using
questionnaire (appendces3.7 & 3.8). This chapter is the first phase of the study ardl la
the foundation fochapters 5 7 (Phases -2), particularly around u b | seledtion é@nd

participation Please refer to chapter 3 for further details on subjects and methods.

4.2 I ntroduction

4.2.1 Concept of egagement / non engagement

Engagement is defined as fAactions indivi

health care servicesv ai | abl e to t hemo (EGgagememtrandendén a l
engagemenaretermsuse mainly within thidirst phase of th study.Lack of engagement

and norengagement mean the same and are used interchangeably within this study
Women were descrideas noengaged when they didnot s h
about the study even though the PILs would have been offered in their spoken language
and norEnglish speaking women would have been supported by health advocates on theit
initial meetings. Mn-engagement extended to include when women declined accepting the
PIL, offered no response when approached by researchers who were HCPs, decline
hearing about the study and declined participation. Lack of engagement was measured b
women declining to bmme part of the study when first approached or after being

followed up. A positive level of engagement described when women showed interest in the
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study and was later recruited after providing written informed consent, irrespective of the
number of encouner s wi t h HCPs. Parti al engageme
showed interest and were given time to decide whether or not they wanted to become pat
of the study. Final outcome refers to the final decision made by women whether they
engaged or noengaged with HCPs, regardless of whether or not they showed interest

and/or were followed up.

4.2.2 Health inequality and access

The experience of pregnancy and childbirth is very complex and multidimensional. Local
health authorities are tasked with rmak the journey along the trajectory from the
antenatal period to the postnatal period as pleasant anfilegsks possible. The quantity

and quality of resources invested along this pathway to reduce the mortality and morbidity
associated with pgnancyand childbirth varydepending on where in the world women are

cared for and by whom.

Globally, approximately 289,000 deaths occurred in 2013, a d6éftease from 1990
(WHO, 2014) Disparities exist between the developing countries and the Western world in
the maternal mortality ratio (MMR)For example, in 2015, the rate in the Philippines was
114:100,000 compared to 12:100,000 in countries like the UK (WHO, 2Didparities

also exist among BAME women who tend to have poorer birth outcomes compdren to t
White counterparts (Garcia et al, 2015). Additionally, as DM is more prevalent among this
group (Diabetes UK, 2020 & 2016)nd pregnant diabetics have poorer birth outcomes
compared to nowliabetic womenHosseini, et al, 2018; Kennedy, 2017; GapBenziv

& Baschat, 2015Antonio Negrato et al, 2012 & CEMACH, 200 BAME womenwith

diabetes would be severely disadvantaged in terms of their birth outcomes. Regardless,
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reduce this disparitywomen can benefit from health care if thBgve considerdé
knowledge and are motivated to actively engagé the care available to the(Gruman

et al, 2010)

Only 58% of womencan access prenatal care worldwide (UNICEF, 2017). This is
postulated to be due to 0pr ox iabiiytofyskills,o s
knowledge of availability services, knowing when to seek care, underlying gender
i nequality and cul tur al hi erarchy that c

combined can result imorbidity and/omortality (Public Health Bgland, 2017).

In the UK, the national drive is to reduce theternity Mortality Ratio and this can be
achieved by services tailored to meet the needs of its local populations and women
engaging withHCPsinvolved in their care andccessing care in arely fashion. This is
based on a philosophy of putting women, their babies and their families at the centre of

care planning and deliverilational Maternity Service Review, 2016 & NICE, 2016)

4.2.3 Maternity service provision: NewhamuUniversity Hospital (NUH)

Almost 50% ofthe population of Newham iRast Londorare female withnearing 70%
between ages 1@&4, as previously shown in chapter 2 (section 2.4.1) and combined these
factors have impacted on the high birth rate within the borolig@ethnic dstributionis

vast with the indigenous group being in the minofftfewham London, 2018 2020).

Asians remain the dominant cultural grougegvham London, 201% 2020) but the
populationis still rapidly changing with the arrival of Europeans now residintpe area

and with an explosion of regeneration projects which started prior to and continued since

London 2012 Olympics (ONS, 201®eprivation and cultural diversity result in complex
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medical and social issues and a high incidence of morbidity andcco bi di t i es (
2018, Dawson et al 2018, Jayaweera 2010, Cumberlegde 20132013}, possibly the

cause oNewhamhaving one of the highest death rates in London (ONS, 2017).

In pregnancy, women can present with complex health needs comprigimeeaxisting
conditions like hypertension while others are diagnosed during (gestational diabetes
mellitus- GDM) and/or after pregnancy (postnatal depression). Individually or combined,
these can have adverse eff ectad pose awmene n
challengefor healthcare policy makers to provide equitable access for all (Szczepura,
2005). Therefore, it is paramount that care services embrace the notion of a multi
dimensional, multfaceted and aéncompassing approach to ensugd tiolistic high care
quality care is available for local pregnant women to reduce potential morbidity and

mortality.

The local midwifery services embrace this framework which incorporates specialist
midwifery provision in areas, for example, mental Heattiabetes and when caring for
teenage and vulnerable women. Thamary aim of these services is tpromote
engagement aivomen with specialisHCPs forhelp and support, through an accessible
service with continuity of care for their client groups aadptimize the quality of care

provided.

Additionally, Newham has one of the highest annual birth rates compared to other UK
hospitals (Aston Mansfield Community investment Unit, 2017 & ONS, 2015) and this has
formed the cornerstone for the recent rebuwlidthe maternity wards and facilities
following consultation with the local community and stakeholders in order to develop
services that match the needs of its local service users. Other new and improved service

include community birthing centre facik$, a lowrisk birthing unit, and a 2#ours
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telephone helpline. Women can also sefer for booking and access the-l2durs
assessment uni©On one hand, the availability of these services to meet the needs of local
women is good but on the other hamehmen need to engage with the services made

available to themfor those services to become meaningful

4.24 Possible easons for norengagement: local and national measures taken

Despite the availability of locadervices, women are natlequatelyengaging and this is
believed to be due to traditional ways in which health service is delivered {Bl0b4;
National Institute for Clinical ExcellencéNICE), 2014a} andpossibly, structural and
population characteristics (NICE, 2014Ppsitive and negatv e womends expe
reception desk may have similar impact on their engagement@sthroughout their
pregnancy journeyin recognition of this shortfall, some work through patients and public
engagement programs has commenced to encouréige angagement in the decision
making around the tendering and procurement of services (Newham Clinical
Commissioning Group, 2017). NICE (2014b) has provided guidance on the use of
community engagement for care deédbythe y.
National Maternity Service Review to reduce variations of quality of care and encourage
women to be partners in care planning. Based on this notion, local needs can be tailoret
and delivered with local women being at the nucleus to promote equigcessing

services.

A cross sectional analysis of routine data was conducted at the local hospital to evaluate
the initiation of engagement with maternity services for antenatal care. Conclusions were
that late engagement was predominantly among\ibites who were born outside the UK

and were nofEnglish speaking. Women &fro-Caribbean origin werenore likely to
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engage with services late compared to their White counterpart. Other factors included high
parity, maternal age younger than 20 and livmgemporary accommodation (Cresswell et

al, 2013).

Despite this information, the scientific evidence remains outstanding for the Newham
specific needs on the core factors responsible for engagement and/or lack of it, particularly
as Newham is morgeseach active One may argue that it is futile having the best high
quality resources if (a) disconnect exists between service providers and users it purports t

embrace and (b) a lack of understanding exists as to why that it.

Therefore, only by addressiniget problem through research, faetors responsible for the

lack of uptake of services can be effectively addressed and maternity services restructure:
to form the bedrock for engagement with local pregnant women who can then benefit
significantly from tle services available to them. Subsequently, potential morbidity and
mortality can be reduced. A plethora of evidence has demonstrated a strong link betweer
deprivation and adverse nutritional health (Marmot, 2019; Marmot, 2012; Marmot, 2005)
and pregnancgutcomes (Min et al, 2016). With deprivation being significantly high in the
borough of Newham, this study provided women with the opportunity to imghmie

nutritional health with omega fatty acid(Min et al, 2016; Colletta et al, 2010).
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4.3 Aims

The aim of thigphase of thatudy is tanvestigate:

Socioeconomic, cultural, religious and demographical factors which hinder effective
engagement of pregnant women with health professionals in the London Borough of

Newham. It was therefore nessaryto: -

1 Establish the level of engagement of local women Wi@iPs
1 Elucidate factors which may influence or hinder effective engagementHifrs.
T Evaluate possible ramifications of p a

foetal outcomes.

4.4 Subjects andM ethods

This was an observational cressctional study of pregnant women who were willing to
participate or not participate in a nutritional study. Women were ages betweearn 45

and booked at Newham hospital. They were oanmlgg approace d a't t he h
specialist antenatal diabetes clinic (SADC), gestational diabetes educatiorsessions
(GDESSs) androutine maternity booking and antenatal clinics affdred the opportunity

to improve their nutritional health.

All subjects approachedereincludedin this phase of the study. &hen withT2 DM and
their matching comparisons without diabetes wereruited before 17 weeks gestation
while women withgestational diabetes mellitus (GDMgrerecruited when the diagnosis
was made and up t@3veekggestationWomenwithout diabetesvere also recruited up to

32 weeks gestatioffrigure 4.1).
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A questionnairedesignedfor the study &ppendix3.8) was used for data collectiaon
reasons given by women for their engagement oramgagement with @Ps on the
nutritional study.Othernf or mati on <coll ected included
employment status, dlty to speak Englishparity, gestation at time of approach, past and
present medical and/or obstetric history anafmplicationsand whether or noivomen

had supportwith their decisionon engagement or lack of engagement with HECHRsase

refer to chapter 3 for further details.

4.5 Statistical Analysis

As mentioned in the Subjects and kieds Chapter (3 the IBM SPSS Statisscfor
Windows (Version 25) analysis framework was used. The levels of measurements used fol
this chapter were nominal and categorical data. The number of cases which appeared i
each category was counted to either accept or nullify the hypotheses anigtiglescr
statistics were used to establish frequencies in data, for example, to establish how man
women were in the different study groups and engaged when first approached and afte
follow-up. Data are reported as mean and standard deviation (mean +v&DJifferent
unpaired samples were compared and therefore the independent T test wa®rused
exampleto test the statistical mean between birth weight, gestational ages at delivery and

levels of engagement.

TheChisqguare (cr oss tcarelatioratest for mjlependerd samples was s
used to anale any pattern of observed frequencies which may suggest a correlation
between variables tested (Foster 2001 & Kinnear & Gray 2008), for example, whether
there was an association between maritalustand engagement and engagement and

pregnancy outcomes. Statistical significance was definpca®05.
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4.6 Results

4.6.1 Characteristics of subjects

4.6.1.1Study subjectslistribution

Of the total mmber of subjects studied (n=83women diagnosedith GDM was 458
(55%) while healthy controls and T2 diabetics were 243 (29%) and 136 (16%) respectively
(Graph 4.1). Overall, the level of engagement within these groups was 120 (33%) controls,

151 (42%) GDMs and 90 (25%) T2 diabetics.

4.6.1.1.1Age, narital status, parity, BMlandfolic acid use

Baseline characteristics of the participants are providedaible 4.1. Most engaged
pregnant women (r870) were married (n326, 88%) p < 0.001) with a mean age of 31
years and between 240 years (8339, 92% (p < 0.002. Mean BMI was 28.51kg/fm

with 131 (35%) and 139 (38.0%) being overweight and obese, respectively while 86 (23%)
were of normal weightp( < 0.939. Mean parity was 2.08 with similar distribution of
women being first time mothers£mh27, 34%) ad thase having had 24 children (129,

34%). Of all women studied0% (429 used folic acid during pregnhancy and% (256)

users were among those who engaged.

4.6.1.1.2Ethnicity, Language & Religion

Two hundred and one (54.3%) of engaged women Werans, 113 (31.0%) were Afro
Caribbeans and 55 (15%) were Whit@s<.002. Two hundred anetighty-one (70%)
were Englishkspeaking |§ < .001). Mostwomen were Muslims &182,58%), followed by

Christians (#149, 33%) and Hindus & Sikhs£R9, 9%) p < .002) (Table4.1).
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4.6.1.1.3Employment status: engagement and ethnicity

Most women were unemployed=204, 41%); very few occupied managerial positions (n
= 39, 10%) andor the remaining who worked £127, 29%), they were in the middle to
lower economiagroups p = .026. Most pamers did routine manual jobs<h34, 36%)
while 62 (17%) wes managers and the remaining1ii4, 24% each) equally distributed

between intermediate jobs and the unemployedblg4.1).

Combined, patients in the managerial /emtediate occupations, and those who were
either students, unemployed or had routine / manual jobs were 17 (31%) / 38 (69%)
Whites, 42 (37%) / 71 (63%) AfrGaribbeans and 39 (19%) / 162 (81%) Asians,
respectively, for the engaged 17 (31%) / 38 (70%) V8hit® (37% / 71 (63%) Afro
Caribbeans and 39 (19%) / 162 (81%) Asiaps<(.000. Respectively, for the nen
engaged, there were 15 (30%) / 28 (70%) Whites, 28 (27%) / 75 (73%)CAfibbeans

and 57 (19%) / 250 (81%Asians p < .000. For the partners,ombined in professional

jobs and for those who were either lower paid jobs and the unemployed were 11 (20%) / 44
(80%) Whites, 46 (41%) / 67 (59%) Ak@aribbeansad 86 (44%) / 109 (54%) Asians,
respectively § < 008. For the norengaged, there were 12206) / 39 (78.0) Whites, 29
(28%) | 74 (72%) AfreCaribbeans and 19 (39%) / 188 (61%3ians f < .00J),
respectively, combined in professional jobs and for those who were either lower paid jobs

and the unemployed éble4.2).
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Table 41: Characteristics of participants

Final levels of engagement after follow

Levels of engagement on 1st approach up
P value Pvalue
{Standard {Standard
deviation Non  deviation
Engaged Non-Engaged Considerers (df)} Engaged Engaged (df)}

No. of Subjects (n) 226 310 255 370 460

Age, (years) (mean 31.0) n (% .941 (6) .875 (3)
X HM 6 (24.0) 10 (40.0) 9 (36.0) 12 (45.2) 14 (53.8)
21¢30 99 (28.3) 140 (40.0) 111 (31.7) 158 (43.2) 208 (56.8

109
31¢40 (29.0) 142 (37.8) 125 (33.2) 181 (45.5) 218 (54.6)
X non 12 (30.0) 18 (45.0) 10 (25.0) 19 (48.7) 20 (51.3)

Body mass index (BMI)

(kg/m2), (mean 28.51n (%) .936 (6) .939 (3)
Underweight (<18.5) 5 (278) 8 (44.4) 5 (27.8) 8(42.1) 11 (57.9)

Normal weight (18.24.9) 53 (26.6) 83 (41.7) 63 (31.7) 86 (43.4) 112 (56.6)
Over weight (25.€29.9) 79 (30.2) 88 (33.6) 95 (36.3) 131 (46.1) 153 (53.9)
hoSasS oxono 84 (28.8) 115 (39.4) 93 (31.8) 139 (45.0) 170 (55.0)
Marital status, n (%) .000 (2) .001 (2)
191
Married (26.1) 296 (40.4) 245 (33.5) 326 (42.3) 445 (57.7)
Single 33 (58.9) 13 (23.2) 10 (17.9) 42 (75.0) 14 (25.0)

Ethnicity, n (%) .000 (4) .002 (2)
All Whites 41 (40.6) 36 (35.6) 24 (23.8) 55 (52.4) 50 (47.6)
Afro-Caribbeans 74 (35.7 78 (37.7) 55 (26.6) 113 (52.3) 103 (47.7)

110
Asians (22.8) 196 (40.7) 176 (36.5) 201 (39.6) 307 (60.4)

Religion, n (%) .000 (4) .000 (2)

Hindu & Sikh 23 (31.5) 31 (42.5) 19 (26.0) 29 (38.2) 47 (61.8)

Muslim 90 (20.5) 182 (41.5) 167 (38.0) 182 (39.4) 280 (60.6)
106

Christian (42.1) 85 (33.7) 61 (24.2) 149 (56.9) 113 (43.1)

Language, n (%) .002 (9 .001 (2)

180

English (32.3) 207 (37.2) 170 (30.5) 281 (48.4) 300 (51.6)

Non-English 46 (19.7) 103 (44.0) 85 (36.3) 89 (35.7) 160 (64.3)

Parity, (mean 2.08n (%) .559 (6) .783 (3)
No previous child 72 (25.6) 117 (41.6) 92 (32.7) 127 (43.2) 167 (56.8)

1 child 65 (33.0) 73 (37.1) 59 (29.9) 97 (47.1) 109 (52.9)
2-4 children 81 (29.1) 107 (38.5) 90 (32.4) 129 (43.6) 167 (56.4)
¥ p OKAf RNBY 7(20.6) 13 (38.2) 14 (41.2) 16 (48.5) 17 (51.5)

Emgdoyment status-

Subjects, n (%) .075 (6) .026 (3)
Managerial & professional 26 (33.3) 24 (30.8) 28 (35.9) 39 (50.6) 38 (49.4)
Intermediate 40 (33.9) 44 (37.3) 34 (28.8) 59 (48.8) 62 (51.2)

Routine & Manual 46 (35.7) 44 (341) 39 (30.2) 68 (53.1) 60 (46.9)
Unemployed, student, not 114

classified ktated (24.5) 198 (42.5) 154 (33.0) 204 (40.5) 300 (59.5)

Employment status

Partners, n (%) .083 (6) .006 (3)
Managerial & professional 35 (25.9) 50 (370) 50 (37.0) 62 (44) 79 (56)
Intermediate 53 (33.3) 50 (31.4) 56 (35.2) 87 (52.1 80 (47.9)

Routine & Manual 82 (31.3) 104 (39.7) 76 (29.0) 134 (47.9) 146 (52.1)
Unemployed, student, not

classified stated 56 (23.8) 106 (45.} 73 (31.1) 87 (36) 155 (64)

Folic acid use, n (%) .000 (1)
Yes 257 (60.5) 168 (39.5)

No 102 (27.6) 267 (72.4)

Support present when

engagement decision made, r

(%) .000 (2)
Alone 67 (91.8) 6 (8.2)

Husband and/or relative 196 (77.2) 58 (22.8)
Unknown 105 (24.4) 326 (75.6)
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Table 42: Employment: engagement / neengagement and ethnicity

Ethnic groups
P value / standard
Employment status (Patients) Whites Afro-Caribbean Asians deviation (df)
Engaged n (%) 55 113 201 .000 (6)
Managerial & professional 5(12.8) 24 (61.5) 10 (25.6)
Intermediate 12 (20.3) 18 (30.5) 29 (49.2)
Routine & Manual 13 (19.1) 17 (25.0) 38 (55.9)
Unemployed, stude not classified
stated 25 (12.3) 54 (26.6) 124 (61.1)
Non-Engaged n % 50 103 307 .000 (6)
Managerial & professional 6 (15.8) 10 (26.3) 22 (57.9)
Intermediate 9 (14.5) 18 (29.0) 35 (56.5)
Routine & Manual 14 (23.3) 19 (31.7) 27 (45.0)
Unemployed, student, not classifiédtated 21 (7.0) 56 (18.7) 223 (74.3)
Employment status (Partners)
Engaged n (%) 55 113 201 .008 (6)
Managerial & professional 7 (11.3) 19 (30.6) 30 (58.1)
Intermediate 4 (4.6) 27 (31.0) 56 (64.4)
Routine & Manual 29 (21.6) 34 (25.4) 71 (53.0
Unemployed, student, not classifiéd
stated 15 (17.5) 33 (38.4) 38 (44.2)
Non-Engaged n % 50 103 307 .001 (6)
Managerial & professital 4 (5.1) 9(11.4) 66 (83.5)
Intermediate 7 (8.8) 20 (25.0) 53 (66.3)
Routine & Manual 22 (15.1) 25 (17.1) 99 (67.8)
Unemployed, student, not classifiédtated 17 (11.0) 49 (31.6) 89 (57.4)

4.6.2 Engagement at firstand final meetings

Thelevel of engagement on first afidal meetingswvas similar, regardless of demographic
profiling. Of all women studied, approximately a third (n = 229, 29%) consented when first
approached while 255 (32%) agreed to be followed up tacjpate in the nutritional arm

of the study. Of those considerers, 14 (5.6%) were lost to fallpvand 12 (4.8%)
exceeded the gestational age and were therefore no longer eligible to making a decision o
whether or not to engage. Approximately titards (n = 140, 61%) engaged when they
were followed up totalling an overall recruitment of 370 (43.2%) andemgagement 460
(53.7%) Tables4.1 & 4.2). Sixty-seven(18%) women were alone and 196 (53%) received

social support when the decision was made whetheot to engagegy(< .000.
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The reasons given for w o me n 0 sfigute a&.t. KThese f e
reasons were varied and included no research interest 90 (22.6 %), time constraints 3
(9.8%) and family members influence 41(10.3%). Theaellef persuasion was apparent
among the O6considersdéd (n = 255), as 140
while the remaining 115 (45%) stated that they needed to discuss the study with their

husbands and/or family members prior to making thasubec

There was some reluctance to disclose the reasons for lack of engagement and thi
accounted for nearly a third (n = 121, 30.3%) of spanticipants. For women who
engaged, the likely benefits to their baby were the main reason given as can Bedsurmi
Box 4.1. Other reasons were religious, altruistic (wanting to do good for others) and use of

little of their time.

Reasons for lack of engagement

35 ~
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20 -

15 A

5 1 m Percentages (%)

Figure4.1: Reasons for lack of engagement
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Box 41: Influential factors toengagement

9 df it can be good for my wife and babyd

1 &Anything that mighthelpme and my
1 aybe I will have some good out of itd

T Only i f itds Hal al

1 &Goundsgoodé . . al tdiherchildrend i
T 6Sounds great but |
T 6My family is a doct
T 6Want the best for b
T 61 f it can help othe

T 61l 6ve got too much o

babyhéerasndd hel

d not

need

t

have itbd

(0]
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fooit

T 61 f 1 dondét have to take ti me
T 61 donot | i kebutakt thigl ptaltbsi eyt & é .
T 61 hate taking tablets. But i
T 60Only if it is freebd

T 60Only if it doesndét take too

mu c h
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4.6.3 Factors whichimpact on engagement / lack of engagement

The implications of demographic and seelonomic factors and the impact of these on

engagement and folic acid use in pregnancy were examined.

4.6.3.1 Demographic and socieeconomic factors on engagement

4.6.3.11 Age:

Engagement was similar in all age groups with a slight increase among those ages forty

and aboveTable4.1). The difference wag < 0.875

4.6.3.1.2 Marital Status:

Seventyfive percent (75%) of singletons engaged compared to-fadypercent (42%o0f

those who were marriedéble4.1). The difference wag <0.001

4.6.3.1.3 Language:

Forty-eight percent of women who spoke English engaged compared tesiRiqgrcent

(36%) of those who did not speak EngliSlal§le 4.1). The difference wap < 0.001.

4.6.3.14 Ethnicity:

Approximately half Whites and Afr€aribbean engaged (52%) compared to Asians (40%)

(Table4.1). The difference wag < .002

4.6.3.1.5 BMI:

Participation was si mi ITable4.l). &hg diffecehce wap < o f

0.939
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4.6.3.1.6 Religion:

Of the Christians approached, fifsgven percent (57%) engaged compared to Muslims
and Hindus & Sikhs among whom there was no difference in engagement (B&iSt9 (

4.1). The difference wag < 0.001

4.6.3.17 Parity:

Engagemenvas si mi |l ar whatever a womanods par.
among multiparous women and those with one previous chddl€ 4.1). The difference

was p < 0.783)

4.6.3.1.8Employment statustWomen

Professionals and those with managerial smermediate jobs had 51% and 49% level of
engagement, respectively, compared to those who had routine and manual jobs (54%)
Students and the unemployed demonstrated a lower level of engagement Tabl) (

4.1). The difference wap < 0.026

4.6.3.1.9 Employment statusPartners

Similarly, women of partners who were students or unemployed had a lower level of
engagement (36%) compared to those who had intermediate occupations (52%),
professionals (44%) and manual workers (48%gb{e 4.1). A differenceof p < 0.006

existed.

4.6.3.1.10 Support received

Engagement was higher among those who were alone (92%) compared to those whos

husbands and/or relatives were involv@dlile4.1). The difference wag(< 0.000)
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4.6.3.2 Demographic and socieeconomicfactors and folic acid use

4.6.3.2.1 Marital status:

Folic acid use was higher among singletons (65%) compared to married women (51%)

(Table4.1). The difference wag < 0.050

4.6.3.22 Language:

The use of folic acid among Englisipeaking women was fifiseven percent (57%)
compared to those who did not speak the language (4D8b)e(4.1). The difference was

p <0.0001

4.6.3.23 Ethnicity:
Folic acid use among the Whites, Ai@aribbeans, and East Asians was similarg3%o)
unlike the South Asians (%0) (Table4.1). The difference wag <0.472

4.6.3.24 BMI:

In the various BMI categories, folic acid use was underweight 47%, normal 53.5%,

overweight 56.2% and obese 49.7valjle4.1). The difference wag < 0.436

4.6.3.25 Religion:

Muslims had adrty-seven percent (47%) uptake of folic acid compared to other religions

(Table4.1). The difference wag < 0.002

4.6.3.2.6 Parity:

More than half of singletons (54.4%) and women with one previous child (57.1%) used
folic acid compared to women withi24 children (48.0%) and those with five or more

children (45.5%) who had under 50% usabab{e4.1). The difference wag(< 0.155.
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4.6.3.27 Employment status:

4.6.3.27.1Employment statusf clients

Women in managerial/professional and intermedaie had an uptake of folic acid use of
approximately sixty (60%) compared to routine/manual (55%) and students and the

unemployed (48%)Table4.1). The difference wag < 0.014

4.6.3.27.2Employment status of | i earthedss

The use of folic acid olvomen whose partners were in managerial/professional jobs was

58% compared to the unemployed (49%al{le4.1). The difference wag < 0.253

4.6.4 Implications of engagement lack of engagement on maternal and

foetal outcomes

Pregnancy outcome datapgesented imable 4.3. In women who engaged and did Ron
engaged, 172 (47%) vs 249 (54%) developed pregnancy complications. The statistical
difference wa9 < 0.001 The incidence of IUGR 14 (4%) vs 14 (3%) and hypertensive
disorders (PIH, preclamsia o eclampsia) 33 (10%) vs 34 (8%) were similar in both
groups. On scan, detection of big babwes22 (6%) and 49 (12%) while presumed foetal
compromise and other pregnancy complications were 29 (9%) vs 41 (10%) and 21 (7%) vs
66 (16%) in women who engagedd did norengaged, respectively. Furthermore, in the
engaged group, stillbirths 4, neonatal death 1, miscarriages 24 compared to stillbirth 1,

miscarriages 9 and congenital abnormality | in women who did not engage.

Premature birth was 59 / 65 in thegaged and neengaged women (excluding stillbirths,

miscarriages and neonatal death), respectiyelyx 0.001). Of those engaged and non
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engaged women had, 2 / 5 macrosomia and 46 / 36 low birth weight infants, respectively
(p < 0.037). Onset of labour fowomen recruited and not recruited were 145 (45%) / 206
(49%) spontaneous, 110 (34%) / 143 (34%) induced and 67 (21%) / 69 (17%) elective
caesarean section, respectivgly<{0.283 and mode of delivery 149 (46%) / 206 (49%)
vaginal, 17 (5%) / 29 (7%) instmental and 156 (48%) / 183 (44%) caesarean section,
respectively j§ < 0.366). Thirty-one(10%) babies of engaged and 35 (8%) of-eagaged

were admitted to special care baby upik(0.400 (Table4.3).

With use of the independent sampeest, birthweight mean = 3082.53 grams (df =
615.06) and for those who were not recruited mean = 3187.85 grams, (df = 591.30); t (735
=-2.36, respectivelyp < 0.019).Gestational ages at birth for those who engaged (n = 323)
and those who did not (n = 418), meaB7.49 grams, df = 2.58) and mean = 37.88 grams,

df = 2.13); t (739) =2.30, respectivelyp(< 0.022).
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Table4.3: Impact of engagement and neangagement on pregnancy outcomes

Levels of engagement P value / (df)
Pregnancy outcome measures Engaged Non-Engaged
Pregnancy complications, n (%) 370 460 .001 (7)
None 198 (61.9) 211 (49.9)
IUGR by scan 14 (4.4) 14 (3.3)
Big baby by scan 22 (6.9) 49 (11.6)
Congenital abnormality 0 (0.0) 1(0.2)
Malpresentation 3(0.9) 7 (1.7)
PIH, Preeclampsia or Eclampsia 33 (10.3) 34 (8.0)
v Presumed foetal compromise 29 (9.1) 41 (9.7)
"QOther pregnancy complications 21 (6.6) 66 (15.6)
Onset of labour, n (%) 322 418 .283 (2)
Spontaneous 145 (45.0) 206 (49.3)
Induced 110 (34.2) 143 (34.2)
Elective caesarean 67 (20.8) 69 (16.5)
Mode of delivery, n (%) 322 418 .366 (2)
Vaginal 149 (46.3) 206 (49.3)
Instrumental 17 (5.3) 29 (6.9)
Caesarean section 156 (48.4) 183 (43.8)
Birth outcome, n (%) 347 427 .006 (5)
Full term birth live 258 (744) 353 (82.7)
Preterm birth live 59 (17.0) 63 (14.8)
Stillbirth 4(1.2) 1(0.2)
Neonatal death 1(0.3) 0 (0.0)
Miscarriages 24 (6.9) 9 (2.1)
Medical TOP 1(0.3) 1(0.2)
Gestational ages at birth, n (%) 347 427 .001 (2)
Full term birth 258 (744) 351 (82.2)
Preterm birth 59 (17.0) 65 (15.2)
*QOther outcomes 30 (8.6) 11 (2.6)
Birth Weight, n (%) 319 417 037 (2)
Low birth weight (0 46 (14.4) 36 (8.6)
Normal birth weight (2500 4449grams) 271 (85.0) 376 (90.2)
Macr os o ®ldgrams] O4 5 2 (0.6) 5(1.2)
Admission to Special care baby unit 313 416 .400 (2)
(SCBU), n (%)
Yes 31(9.9) 35 (8.4)
No 281 (90.1) 381 (91.6)

*Other outcomesompriseof stillbirth, miscarriages and neonatal deathBresumed foetal compromise: siegpus cardiotocograph,
spontaneous rupture of membranes, premature rupture of membranes, prolonged premature rupture of meescbranestained
liquor and reduced amniotic fluid inde3Q Other pregnancy complications: cholestasis, anaemiapantiem haemorrhage, postpartum
haemorrhage, thrombocytopenia, radooholic fatty liver & unstable blood sugars
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4.7 Discussion:

4.7.1 Influential factorsto engagement/norengagement

4.7.1.1Key factors

Thelikely benefits to the baby weteh e mai n reason given for
HCPs Pregnancy is usually a time of excitemdat the womanher friendsand family
members However, amidst the euphorimothersare usually moreconcernsabout the
wellbeing of their babies and therefore it is not surprising that this factor was highly
influential in their decision to engage with HCPs. Most pregnancies are usually very much
Owanted pregnanci esd and wo nirgerestoftheirlbabiesd o
Conversely, women declined primarily because they had no research interest, were presse
for time and needed family involvement in their decision makiings is in keeping with

the evidence which has shown thatrwWhites are les likely to participate in research
(Shavers et al, 2002) and a famigntred approach to decision making being adopted by

Asians (Hussakamble et al, 2004) who formed the predominant ethnic group studied.

4.7.1.2 Sociecultural, economic and demograic factors
4.7.1.2.1 Impact ofacial influences and clientfocused approach odecision making

Nearly onethird of the women approached engageth HCPson first meeting. The level
of engagement after followp had doubled leading to an overatigagenent rate of forty
three percentTheco-ordinat on of womends appoint meupt s

visits and the offer of home visits would have saved woowgrsiderabldime and money
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travelling to and from appointmentsnd may have contributed tbhe engagement rate
nearing fifty per centMost women and their partners were either unemployelbver

earnersand money saved on transportation would have me@tuable

Compared to hospital visits, many mof@mily members and friends frequently got
involved andsupported women with their decision making on home viBegaring in mind

the main reasons given for delaywlo me n 6 sswelm @i &d¢ i me f or dec.i
6di scussion wit h theoHfdr af hamne \asiisdvowdrhavé dee highly y 6
beneficial to both parties (pregnant woman and HCP) and should be considered as al

optionto promote positivengagement diigh risk women.

As most women were married Asians who are culturally family oriented (Hussain
Gambles et al, 2004), omanappreciatehose reasons givamy t he O audthati de
further explainedvhy a third of women studied needed time to provide a feedback on
whether or not to engage wiHhCPs In this study, ten percent husbands / family members
openly influencedhe decision about lack of engagement while fiftyee percent were
involved in thedecisionmaking process of all who engagedhese high numbers could
have been derived from the fact that Asian men tend to be paterngisticcularly
towards norEnglish speaking partnerfegardlessthe benefitsof holistic careare well
documentedCumberlege, 200éand womends partners shoul
of womends caend,s fdoaii tctelt ehier w(opra r Gorele etals )
(1998)supports this holistic view of embracing the wider family circle which they purport
to be critical to engagement since the combined efforts of individuals and their families can
I mpact on womends health and wel | breaylbeg.

optimised.
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4.7.1.22 Language and religio

A womanés ability to speak English was a
engaged. This was reflected in the results on folic acidwtseh has now become
synonymous with pregnancy.vitas felt that if women were willing to use folic acid for the
potential benefits which are now establishigy might be willing to engage with HCPs

on the nutritional studyThe noREnglish speaking women were Asian Muslims who had a
low uptake of folicacid. This could béue to language barriers which resuliedheir lack

of understanding about folic acid and its use to reduce the risk of neural tube defect in the
infants as recommended by NICE (2018n Australian epidemiological study and survey

on refugees from suBaharan Africa has confirmed that language barrier, poor health
information on how to access services have contributed to that client group not accessing
care (SheikMiohammed et al, 2006), suggesting that the effect of engagementhaight

been similar.

Locally, health advocatesmployed by the Trussupport norEnglishspeakingwomen,

and the latter should have had adequate information to make an informed decision, despit
their language difficulties. Therefore, one may argue tletabse somaon-English
speakingwomen did not want to engage, it was their informed choice to have no
interference, | eaving everything to OAIl
declined engagemenr highly significant number of Christians engagesnpared to the
Muslims. As Christians tend to be predominantly #@mans, one may conclude that help
from partners and family members was not as important as among Asians, resulting in
higher levels of engagemem¥.strong correlation was demonstratedvestn religion and

engagement.

133



4.7.1.23 Time constrains

Like religion, time constraints, cultural and personal reasons were factors highlighted for
client 6s | acOftenovhen sdivgaaly arenapprdachedengage in available
services time constraints are usually raised and can be a deterrent. Women aighin t
borough had an average e#iZhildren and this comes withugecommitmens. Activities

like the school rumnd managing a honiell-time, particularlyas many were unemployed
canbe demandingpn a woman 6 s . Thismemand can be further challengeaenill -
health is present awomen living within the borough of Newham had poorer health
compared to the national average (Office of National Statistics, 204&t) T2 DM and
other chrorc medical such as hypertension and cardlascular diseasat high levels
within the borough(Newham London, 2017)some women were pob$y carers,
particularly as many Asians tend to liweith extended families and needed to fully

embrace their roles autiful daughtes-in-law.

HCPs should ensure that womenods soci al
frequency and length of appointmer®separatory work should be done prior to meeting
clients and home visits should be offered as an alternatikiespital appointments, where

possible.

4.7.1.24 Health behaviours

Oneds view of health and ill ness and -t he
being when considering other hierarchy of needs, can be varied. In a deprived borougt

like Ne wh am, survival may take precedence o

134



actively participating in research with the view of improving health in the future may not
be a concept which somgregnant womemmay find of great interest and urgency.
Conversely, some may have grown tired of stereotypes and engaged, and this could hav

impacted on the overall engagement rate.

Regardless, healthromotional work falls within the remit of HCPs who are duty bound to
provide healthy life style advicendsupportto all pregnant women and particularly those
deemed high riskas womerwith T2 DM and GDM.Behavioual changerequires self
discipline and motivation. Motivation is a psychological construct which can be promoted
and supported by HCPs withe appopriate psychologicaskills-setto effect behavioural
change The MAPS behavioural change technique which includes motivation, action,
prompts and cues are believed to be effective in lifestyle behaviour change and can be
delivered as part o€linical cae by HCPs to improviealth outcomes individuals with

diabetegSwanson & Maltinsky, 2019)

4.7.1.25 Employment status

Most women and a third of their partners were either unemployed or did routine manual
jobs. This possibly accounted for the lovel of engagement among this group
particularly as professional/managerial women and those with intermediate jobs had a higf
level of engagement compared to those who had routine and manual jobs. A health
education survey demonstrated that South Asiansribution to the labour market varies.
Women of Pakistani and Bangladeshi origins are less economically active and Indian mer
are more likely to be in employment compared to Pakistani men resulting in the
employment rate being twice as high in this gragmpared to the local population

(HussainGambles et al, 2004).
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In this study, there was a strong correlation between employment status and ethnicity.
Whites and AfreCaribbeans were more in employment unlike South Asiaabl¢ 4.2).

The use of folic ad was lower when they and their partners waenemployedand this

may be due to financial constraints; a factor which could have been a deterrent for some
women living in a dprived borough like Newham witthey and their partners being
unemployed or inower paid jobs. Overall, the use of folic acid during pregnancy was low
as only half the women studi¢dok it during pregnancy. Regardless, a high percentage of
women who used folic acid also engaged indicating that this group of woragrhave

felt geneally motivated to do what was necessary to maintain good Headiptimise the

pregnancyhealthandparticularly that otheir neonates

4.7.1.26 Ethnic groups

A significant difference strongly existed in the levels of engagement between ethups gro
whereby Whites and Blacks engaged more than women of Asians descent, despite th
latter being the more dominant group. After the Whites, Afesibbeans was the second
largest group studied which was better at engaging. The evidence from Shavers et a
(2002) study has, in part, supported these findings having demonstrated that Whites ar
more likely toparticipate in medical researethen compared to people from the ethnic

minority groups.

A systematic review conducted to evaluate whether ethnic rtiesare less likely to
engage in research has found that the issue was that individuals from this group were les
likely to be approached and invited to take part, but when they were, they engaged on
similar levels as their White counterparts (WendlesleR006). Therefore, the onus is on

HCPs and not the marginalised (Sheikh, 2006). A well coordinated collective approach
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through networking and alliance building is critical to overcome deeply entrenched
divisions. Likewise, understanding the causesxaiusion of the marginalised can help

with the engagement process. Implementing participatory local structures with links to
local and national Government can enable women to access the political stream and have

voice inthedecisioma ki ng pr smle205). ( O6 Dr

As most women studied were n@vhites lack of engagement could have related to trust
issues(Psarros, 2018 Also, some women, particularly Asians, may have needed to
consult with husbands and family members priaidoidingand they mg not have openly
shared that withHCPs for fear of reprisal and combined, these factors may have
contributed to the high rate of undisclosed reasons for lack of engagement among

approachedubjects.

4.7.1.27 Perceiveddiscrimination

Perceived discrinmation may have existed among this group as demonstrated in a US
study. This phenomenon which is very powerfurevented African Americans from
accessing treatment for symptoms of cancer in a timely manner (Mullings et al, 2019). If
patients can defer aczging health care for conditions as serious as cancer, engagement
with pregnancy services may seem lower ingheritisationof healthneedsas pregnancy

is not an illnessTherefore perceived discrimination could also have beeteterrentfor
reducedevels ofengagement amompnWhites whoare more likely taeport feelings of
discrimination Cumberlege, 20)6There is a strong interconnectedness between poverty,
marginalisation and political exclusion and a multifaceted approach is required ¢ssaddr

this shortfall. Combined, poverty and marginalisation have led to shortfalls in an
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individual 6s | iveli hood, educati on, acce

these in turn can determine their access to and ability to optimise local dezaltes.

4.7.1.28 Historical factors

Many myths andanisunderstanding of researekist. These have causeoncerns and lack

of trustbetween theyeneral publiand researche(#ills et al, 2006). Lack of motivation

to engage may simpliyavebeen due b historical effects of bad press on research studies
as far back as the Tuskegee Study of Untreated Syphilis 1932 in USA and more
recently the Northwick Park Hpgal cancer trial (2006) in UKhoth ofwhich resulted in
significant harm to patientsho participated inthosestudies.Undoubtedly, some amen
approached by CPsinvolved in this study would hav&hared somenisunderstandingf
andor lack of trustand these factors may have contributed to-@ogagement. Theseere
probablywomen whaoprovided no reason for neengagementshowed no research interest
and wanted nointerferenceunlessthere was guarantee that they were having the active

supplements

Motivational work is needetb regain trust in the public byromoing engagement on all
levels. Work has begun hgstitutionssuch adNational Institute for Health and Research
and NICEon patient and public engagememntcluding at strategic level$o ensure that
services are truly patiefidvcused This change of focus embraces the notlwat patients

are partners and thecont ri buti ons trmntéi agstircalhttdr
Having representation gfeople from the public and of BAMBackgroundvhoé | oo k | i
y 0 eduld act as a catalyst for pregnant woroémll ethnicgroupsto feelthat they can

trust policy makrswho would wantthe bestfor them and their babieblopefully, as this

work flourishes, trusting relationships can bebw#t and women feekencourage to
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engagepositively andearly especially when diabetes psesentto optimise theithealth in

pregnancyandsubsequentlyheir pregnancyputcomes.

Apart from the public engagement initiatsr&/ork needs to be done within disciplines
including maternityyd pr omote research as pdinetcarecab t t
opposed toviewingresearcle s an 0 a d d Stakeholdes land enanagera ieed to
embrace this notion and lead from the front to drive this change in the provision of true

womanrcentred holistic care.

4.7.1.29 Caring responsibilities

In 2011, 5,800,246 people identified as carers nationwide. Within that same year, the
number of rported carers in Newham was @44; an increase of 19% from 2001. This
increase was higher than the national average of 11% (Newham Clinical Commissioning
Group, 2015). This disparity is not surprisirgince the reported morbidity and €o
morbidities within the borouglwvas shown to bextremely highwhenthe Joint Strategic
Needs Assessmemtas conductedinformation Centre for Health and Social Care GfK
NOP, 2a1). Furthermore, as local carers are more likely to be women (Information Centre
for Health and Social Care GfK NOP, 2011), some-angaged local pregnant women
would have alsdeen primary carers. Alsas that 2011 repodemonstrated that fiftywo
percent local carers reported that their own health needs had been compromised by carin
for othes (Newham Climcal Commissioning Group, 20153pmewomen studiedvould

have beemrimary carersvho suffered ill health. Some womemay not have engaged for
sacial reasonswvhich accounted for 8% of nemngager s. Womends <ca
have meant themoverlooking tle potential benefits o t hei r and tyheir

engaging with HCPs on the nutritional studBathways for information sharing between
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primary and secondary care sectors need to be improved. Effective communication
betweerHCPsneeddo be increased and where necessary appropriater@fiéerals made.
Thesesectorsneed to work more cohesively to ensure that pregnant mothers who are
cares do not feel marginalised and get lost within the care system, but have their needs
met and those for whom they <care, as out

-2018 (Newham Clinical Commissioning Group, 2015).

4.7.1.2.0 Cultural and linguistic diversity

Cultural and linguistic diversity is a real phenomenon in East London and certainly within
Newham. In this study there was a significant difference in women who did and did not
speak English and engaged. Cultural and language barriers swanppregnant women
from engaging because womendés ability an
and understanding advice can be affected (Skekammed et al, 2006; Harper Bulman

et al , 2010) . Oneds inabilitwpaot spreraéné&
likewise the perception of HCPs during pregnancy (Harper Bulman et al, 2010).
Subsequently, this could have had an adverse impact on pregnancy outcomes and is an ar

of significance worth exploring in the future.

A retrospectiveAustralian study which examined whether cultural (country of birth, race

& refugee status) and linguistic (primary language spoken & use of interpreters) diversity
were independent predictors of maternal and foetal outcomes when at least one advers
eventoccurred, has found a reduced likelihood of an adverse pregnancy outcome of those
born outside Australia and New Zealand and/or those who used interpreting service. Those
findings did not support the model for having a mtdtieted / professional approasghen

caring for this group but emphasised the need for use of interpreting services. It is believec
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that continuity of care provider was more important for areas of communication and
compliance. Having the same interpreter as practised within Newhamhawaygiven
women the confidence and provided additional support and encouragement to adequatel
engage and to better communicate their needs, if or when needed (Thomas et al, 2010
Being surrounded by people of similar culture and religious backgrounddshustil

confidence in individuals to make infoed decisions about their care.

Conversely, some interpreters live within the locality and may be familiar with women,
their wider family and friends leading to some women being reluctant to disclose
information which is critical for their care planning and deliveRegardless, it is
important to use the hospital approved health advocatesuse of informal interpreters

may prevent open dialogue between women H@Ps by women withholding critical
information (eg. domestic abus@nd not receiving appropriate counsellangd supports

a result (Harper Bulman et al, 2010). This practice should be discouraged because car
pathways may not match the true needs of women resulting in adverse impact on

pregnaey outcomes and the loigrm maternal and foetal / neonatal weding.

4.7.1.211 Migrants,Gy p sy , Ro ma a papulaiion and erigdgemerit/son

engagement

4.7.1.2.11.1 Mobile migrant population

Newham has a very mobile population partly due¢hi increase of migrants within the
locality; some of whommay not have hathe necessary documents to reside in the UK. A
recent study which looked at the experiences of migrant women accessing maternity care

has found that among the reasons given for-elmpagement were communication
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difficulties (Shortall et al, 2015; Parry et al, 2004) and having to pay for care received
(Shortall et al 2015, Aston 2014 & Taylor 2013). Similar findings were found in a project
commissioned by Public Health England whietaluated factors which contributed to
inequalities in maternal and child health of Black and ethnic minoritidewrincome
households. Access and effective use of health services exarained,and barriers
identified included registration refusal due migration, language and communication
difficulties and prejudice and discrimination (Psarros, 2018). Taylor (2013) supported
those disclosures and further stated that lack of engagement can result in some wome
avoiding antenatal care and can be foraedi¢liver at home or present in labour with
complications. Also, fear of being arrested and having to provide documents for
administrative purposes were also deterrents. Combined, those factors resulted in only 389
receiving care before 12 weeks gestatiang of the remaining who booked late, 34%
booked after 20 weeks in Shortaldl et al
contravenes NICE (2015) antenatal care guidelines. The population profile of Newham
bears similar resemblance and similar factansld have contributed to lack of engagement
and accountedor nearing fifty per cent of local women having developed complications
during pregnancy. However, one needs to be careful of generalizing since an Australian
study has found no significant com&bn between refugee status and adverse pregnancy

outcomegThomas et al, 2010).

47.1.21.2Gy psy, Roma and Travellerds popul at |

A | arge Gypsy, Roma and Travellerds popu
among the most deprived in the UK ¢viien and Equalities Committee, 2019) takes pride

in being tough and settliant (Parry et al, 2004) and these and other lifestyle factors such
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as low educational attainment, overcrowding and caring responsibilities (Burchardt et. al,
2018) may have preveed women from this community accessing maternity services and
engaging with HCPs. Neangagement may also be derived from mistrust formed from
perceived racism, discrimination, hate and violence against women and girls in this group
(Women and Equalitie€ommittee, 2019). Also, Gypsies, Roma and Travellers live
within close communities with the characteristics of an extended famsityifar to the
Asians) and therefore good and bad experiences with HCPs will be shared (Parry et al
2004). This practice cadetermine the health care choices that are made and the level of
engagement within this group and local maternity services, over generations. This
community is also very private, and their way of life may not comply with the philosophy
of positive engageent whereby women are encouraged to communicate freely and form
strong partnerships with HCPs. Consequently, the principles of positive engagement ga

against the social and cultural norms of Gypsies, Roma and Travellers.

4.7.1.2.2 Age and engagement/neangagement

Age was not a factoas towhether or not to engage. Nevertheless, as one advances in
years, one tends to strive to do what one thinks is right as responsible cii@men

who engaged early or on the first follayp meeting possibly fell wihin this category. This
notion could have influencedwomerd sdecision toengage with pregnancy services
availableto demonstrate their acceptance and compliamitie health advice. Also, that
yearning could have been to exonerate oneself of being blamett sthings go wrong

during pregnancy and/or after delivery. Therefore, as a portrayal of responsible behaviour,
one can engage witHCPsby &6 doi ng what 6s right bYor the

ergaging withHCPs

143



4.7.1.2.B Engagement/norengagement: the unknown factors

All previous issues raised could have contributed to lack of disclosure of the reason for

nonengagement. Some of those issues are discussed below.

4.7.1.2.B.1 Socialinfluences

Approximately a third of all women approachdid not disclose thie reasons fonon
engagementack of coercion or women simply expressing their informed choice could
have beemmong theeasons for women not engaging. Ultimatelyo m e debison
needed to be respected in keeping with research ethiastlined in th@rotocol which is
embedded in th&IK policy framework for health and social care research (formerly

Research Governance Framework) (Department of Health, 2015).

One reasogiven by theconsiderer8 was me t o maXeksonee deci si o
consi der er andpresuneed unsuppormteed they made their final decision.

The conclusion from that could have béleat some women who were withiraticategory

may have neededi me t o get their husband tthatwas/ o
not openly shared. Therefore, social influence could have been more profound than that
statedamongt hos e bei ng deadioooosngagemdne monendgagement

was madelf that theory is true, the need for having an inclusive appra@thw o me n 6 s
social supporsystem becomesvenmore profound and should always be respected by

HCPsin critical healthcare decision making
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4.7.1.2.8B.2 Attributes of HCPs

Follow-up oftheé ¢ o n s dir@vedear sgnificantly high level of activitieshich were

costly in terms of time for repetition of activities and financial (travelling) cost for home
visits. Nevertheless, despite the extra resources required, it was clear that doggednes
contributed positively to high levels of engagement espgcithen subjects were
followed up. One may argue that successful engagement could have been furthel
influenced by the interest, motivatioapproachabilityand dedication ofesearchersind

the emphasis that thgylaced onclient engagement and the likelyehefits toclients
through research engageme@bod communication, effectivéstening skills respect for

cl i ent 6s and awaccnes®mhyhe health related matters withithe locality
(Newhan) could havandividually or combinedhad a positive impa®n engagemerand

should form the cornerstone of any research projethe absence of these attributes,-non
engagement among clientsuld escalate and may have an advergect on pregnancy

outcomes.

4.7.1.2.B.3 Complacency

Complacency could wva been another reason as was reflectéalwrfolic acid use despite
Government guidelines based on the need to reduce neural tube defects as shown |
previous studies (NICE, 2016). For example, although there was no significant difference
in folic acid wse based on parity, the higher the parity, the less likely women were to use
folic acid in pregnancy, and this may have contributeahty approximately 50 per cent of

all women approachedhaving taken it in pregnancyAfter having had prewaus
complicatonsfree pregnancieswomen may have internalised h a t they wa

i nt er faedrthesmayéhdve been another reason fordisriosure.
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4.7.1.2.8B.4 Lack of trust

Lack of trust as previously explainednay havebeenanother possible reasowWomen
communicating to HCPs that they menot trusted would not have been e#@myfear of
reprisalsthatthe care they subsequently receiveauld have been affecteahd thismay

have prevented women frogisclosinga reason for neengagement.

4.7.2 Pregnancy outcomes(maternal and foetal)

4.7.2.1 Maternal outcomes
4.7.2.11 Social inequalities

Having explored ethnic and soci al i nequal
England, it was found that single mothers, ethnic minority women aose thvho
completed education earlier in their lifetime, accessed maternity care late, experiencec
complications during pregnancy and birth, had poorer pregnancy outcomes and felt less
satisfied with some aspects of care received (Raleigh et al, 2010)s Iatdly, it was
highly significant that the singletons were better at engaging possibly because they do no
feel the need to have to consult with their partners and/or family members prior to making
a decision in the same way as Asians who historicallprace the notion of a family
approach to decision making (Huss&@a mb | es et al , 2004) . Coc
nonengaged women had better birth outcomes and this was significant. Women within
that group had more full term live births and lessdgrra births, stillbirths, miscarriages

and low birth weight infants compared to women who engaged. A possible explanation for
this could be that women without diabetes were among those who wemngaged
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because they felt that they had uncomplicatedmaecies anadvere more likely to have

hadbetter pregnancy outcomeompared to those with diabe({@&EMACH, 2007.

4.7.2.1.2Hypertensive disorderand related conditions

Hypertensive disorder complicates approximatel$0% of all pregnancies and the
second most common cause of direct maternal deathsecRmapsia, eclampsia and
HELLP syndrome represent different severity of the disease on the spectrum (Vest & Cho,
2014). Combined, these hypertensive disorders accounted for 10% (engaged) aod-8% (n
engaged) ofall complications in this studyWomen who engaged developed less
complications and enjoyed healthier pregnancies than those who did not engage, and thi
was highly significant. Yet, hypertensive disorders were slightly increased among those

who engaged.

Women with essential hypertension need early engagement and regular antenatal follow
ups to reduce the morbidity and mortality associated with this medical condition. If not
managed effectively, mild to moderate hypertension can develogéentye hypertension
which can have devastating consequences for the mother and baby. Equally, foetal growtl
restriction can develop if blood pressure is too tightly controlled so a balance needs to be

had (Nabhan & Elsedawy, 2011).

Timely delivery of the betus is critical in the presencelyfpertensiveeomplications (Vest

& Cho, 2014) Hence hypertensive disorders are among the strongest predictors of preterm
delivery (World Health Organisation, 2012), which was 17% and 15% in the engage and
nonengaged, respectivey, and was highly significant.Other adverse effects of

hypertensive disorders include low birth weight infants, perinatal deaths and placental
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abruption (Nabhan & Elsedawy, 2011). In this study, there was a higher inciddogee of
birth-weight infants in the engaged grougmongwhich was the only case of neonatal
death. Anaemia and placental abruptionwe r e grouped under
c omp | i chesthese corsdibions ar@ssociated with poor neonataltcomesit would
have been usefubtexplorethe impact of those conditions on pregnancy outcomes in the

engaged and neengagd groups

Hypertensivedisorders are in part related to inactivity which denmanifestedhrough
obesity.Maternal obesity increases the risk of complicationgragnancy which includes
gestational hypertension, peelampsia and gestational diabet@ffice of National

Statistics, 201p

A recent study by Domingues et al (2015) on physical activity on materetal health
during pregnancy has shown that atgivn pregnancy was extremely low, but the study
was ongoingExercise intervention programmes are believed to be beneficial but a recent
study on obese and overweight women at risk of gestational diabetes has relmow
improvement in fasting blood glucosesulin sensitivity and birttweight, but this was

believed to be associated with rRoompliance (Oostdam et al, 2012).

A significantly high number of women in this study were either aweight or obesehut

the resultwas insignificant Being overwei@it or obesity is a precursor for increased
incidence of hypertensive disorddSreenstein & Wood, 20112 DM (Mokdad et al,
2000 & Boffetta et al, 2011 and GDM (Hunt & Schuller, 2007which was high among

this study groupThe distribution of women whdid and did not engage was simil&his

was reflective oNewh amés popul at i on withhmacyhAsianswoh i g |
tend to livesedentanyifestyles impactingon a high prevalence of DNINayamdorj et al,

2010)
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Povertyis a derivative of socieconomic factors and a predictor dbesity (Cohen et al,
2013) which is widespread withirthe borough ofNewham Women who are less
motivated to manage their own health may not positively engageH@isdue to socie
economic factors including poor hougiand employment irolver paid jobs. Therefore,
optimal health mayot a priority. Also, in some cultures, being obese and overweight can
be seen as agn of wealth attraction to the oppositex andertility (Naigaga et al, 2018).
Enabling women to Ido beyond thicultural view may be dallenge foHCPsin areas of

diabetes education and management.

4.7.2.13 Onset of labour and mode of delivery

Engagement had no impact on onset of laboukekeping with local policy on diabetes
management in pregncy, supported by NIGER2008 & 2015 guidance, women with T2

DM and GDMs on insulinwere induced between 37 and 40 weeks of pregnancy to
optimise the pregnancy outcomesmbthes andtheir babiesThe rate of induction was
similar in both groupsMore non-engagedvomenwentinto spontaneous laboaompared

to the engagedut this was not significanChe homogeneityn both groupso f wo me n ¢
demographigrofile of age (mean, 31 yearahd BMI (mean, 28.5kg/n"), parity (mean,

2.08 children)and disease pe (T2 DM and GDM)were all norsignificant This coupled

with local and national guidance on the management of women with DM in pregnancy

would have impacted on tls@milarity seen in onset of labour in each group

For the reasons highlighted above, log@neity in both groups of women could also have
impacted on rmade of deliverywhich was not significant, but accounted far slighty
increasd number of births bgaesarean section among those who engafeat. slight

increase mahavebeenatributable b maternal request and/or a slightly decreased number
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of women without DM among the engag@dhe morbidity and mortality associated with a
diabetic pregnancy are high (Asdgdlut et al, 2016Reece & Homko, 2000 & CEMACH,
2007 and delivery by elective eaarean sectiomay havealso beennecessary to promote
the welbeing of mother and babyumulatively, his would have also contributed to
almost fifty percent of all womeapproachedn each group being delivered by caesarean

sectionwhich may have beesxacerbated bthe high rate of induction.

Approximately a quarter of women studied were primiggere was an equal distribution

of first-time mothers andhulti-parouswomenwho were delivered by caesarean sectibn

is a preconception that failed 10k more common among firitne mothers following
induction. A population based crosectional study has shown thatuction of primips

with uncomplicated historiagsuledin an increased incidence of failed spontaneosgion

of labour and increaseeémagency caesarean section rgleavey & King, 2016)
Converselya recent study has shown that the induction of fist time mother at 39 weeks did
not increase the caesarean section rate but resulted in a fegeericy (Grobman et al,

2018).

Women in NUH pesent in pregnancy with many-oworbidities increasing the likelihood

of being induced, delivered by caesarean section and havingerpréirth. Although the
difference was not significant, planned caesarean section was offered to approximately
onefifth of all patients in the engaged group and a slightly reduced number among those
who did not engage. A plausible explanation for this could be the high incidence of
morbidity with which some subjects presented in early pregnancy and complications

developéd throughout.
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4.7.2.2 Foetal/Neonatal outcomes

Engagement had no impact on foetal outcomes. Women who engaged were more likely tc
have a preterm birth and were worse for other pregnancy complications such as
spontaneous, premature and prolonged reptwf membranes and suspicious
cardiotocographEffective clinical management dfigh-risk women with T2 DM and

GDM would haverequired that some&vomenwere delvered early and thisvould have

contributed to the premature birth rate which was highly notabié significant.

The incidence of n@osomia was smalbut it wastwo-fold higher for norengagers than

for those who engaged witHCPs Considering that the pregnancy outcomes were better
for the norengaged, and pregnancy complications were worskaingroup, could it be
that most mothers within that grouad heavier babies due to slightly raised BMlIs,
impacting on thamarginal difference in macrosomic babie#? systematic review and
metaanalysis conducted on maternal obesity and foetal macrasdras founda

correlation between both entities (Gaudet et al, 2014).

Overall, the detection of big babies on scan was significantly high and should have resultec
in a higher detection rate of macrosomia in both groups, with a high likelihood of being
mainly among those who did not engagk plausible explanation is that clinical
management of women whose babies were confirmed as large for gestational age on sce
were offered an early induction based on maternal and foetal health and wellbeing.
Approximatdy a third of engaged and n@mgaged women were induced and therefore
based on local protocol, women detected with big babies oncecth have been among
those induced. Subsequently, tbmuld have impacted on the reduced detection rate of

macrosomia bt may have likely increased the incidence of large for gestational age infants
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and premature births; the latter which was greater among women who engaged (17%) tha

the norengaged (15%), which waggnificant.

The CQC 2017 sur vey fothamatemityservics haereppried thaeim ¢
2013 and 2015, 17% of births were premature while the remaining 93% delivered at
maturity @7-weeksgestation) (Care Quality Commission, 20I8)r this study, the overall
preterm birth rate was 15% and above thational average of 7.8% in 2019 (Office of
National Statistics, 2020). Preterm birth is often associated with neonatal death
(Domingues et al, 2015) but was not indicative of the case istiniy sincedelivery was
atterm.Thi s wo ma n 6 sommumieate iEhgiish, yprocess complex information
about her care and her health prior to and during pregnancy were passitrlbutedto

the cause of death.

4.8 Conclusion

The findings of this study have shown that semittural, economic and deagrgphic
factors havempacedon a pr egnant omwhetlkenod sot to engai with o n
HCPs Strong decisionmaking indicatorswere ethnicity, marital and employment status,
social support abiltydaspeak Eaglist. fewikeiylkeenelistothebaby

were the overarching reason given for positive engagement.

Engayement with HCPsedued compications in pregnanclgut hadno effect ononset of
labour,mode of delivery andhe reduced incidence of hypertensive disordemsmature
births, macrosomialow birth weight infantspeonatesadmission tcSCBU. Further large

scale triad are needed in this area.
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Ethnic minorities from deprived areas like Newham can present with complex health issues
which can provide substantially rich data focalr e s ear c h. Locally,
participation in research is undeported. This might be due to the undgpresentation

of this group in research due to the challenges that their involvement might pose in area:
such as language difficultiesdk of trust and feelings of not belonging which can prevent
women from engagingDespiteresourcedeing limited within the NHS,HCPsneedto
embracea holistic approach when engaging will pregnantwomen particularly those
whoar Big hd r i s k én theymaynpreseit with complex social, cultural, financial

and challenging health nee@dsnidstdiscussioron researctparticipation

For positive client engagement to become successfully embedded within the NHS culture
and subsequently flourishilCPsneed toacknowledgehat issues with neengagemento

not lie solely with pregnant women from ethnic minority groups. AIB&Ps need to
examine their own prejudices through seifiection, and this could be a positive way
forward to provide a truly respdul and equal service to all pregnant women within our
locality. By so doing, women may feehcouragd to positively engage withiCPs andhe
services available to therAmong and within each ethnic group there are certain nuances
and unless service prolers acknowledge, respect and embrace this notion, service
engagement in pregnancy will continue to be problematic, possibly resulting in increased

morbidity and mortality.

This chapter has set the scene for all experimental chapt@)s(Phases 24) and has
influenced the distribution of subjects and in each of those chapwnscularly, br the
RCTs conducted in chapters 6 & 7 to be successful, it was necessary to provide womer

with the information in the leguage that they understhopreferablyface to face
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Supported by health advocates &Plds translated into Sifferent languags, a better
understanding of théactors which fostered engagement with HCReere established
Findings from this chaptewere invaluable to HCPs on the approach t&etavhen

recruitingand following up participants in the other phases

In chapter 5predominant risk factors for the early detection of GDM wererenad and
the implications of gestational age at diagnosis on maternal and foetal outbbme&sE 6 s
recommadation on screening for GDM has also been evaluated in the context of its

appropriateness for use within a highly diverse population like Newham.
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Chapter 5

Screening highrisk women for
gestational diabetes mellitus at
different gestationalweeks:
Implications for management of

maternal and foetal health
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5.1 Chapter overview

In chapter 5, | have explored the risk factors for the early detection of GDM and evaluated
the impact of early (024 we ahaenal amldoetdl at
outcomesWomen with GDM are at increased risk of syftimal pregnancy outcomes and
recurrent GDM. Early identification daht riskbwomen can improve pregnancy outcomes

in the index pregnancy and provide women with the educatiorsamgort for proactive

behavioural changes ftineir longterm health benefits arfdture pregnancies.

5.2 Introduction

5.2.1 Gestational diabetes mellitus (GDM)

5.2.1.1 Definition

Gestational di abetes mel |l it usstdiagnosédauwripg d e
pregnancy, regardless of the gestation and whether or not medication is used for treatmer
and the condition persistal 1998 IGDM wifurthgr pr
defined as a condition which foresta future overt diabetes mothes and thelong-term
metabolic health of theioffspring throughfoetal programming effects (Krishnaveni et al,

2010).

5.2.1.2 Risk factorsand aetiology

Commonly identified risk factor®f GDM are family history of diabetes, past GDM
pregnancyBMI O3 B k gp/rnevi ous | ar ge b a baularky @omens k g )
from South Asia, Back African/Caribbean and the Middle EastiCE, 2015) as outlined

in Box 22. Other risk factorsnclude age, parityhypertensionstillbirth and/or neonatal
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death in previous pregnanci€beede et al, 201ndpolycystic ovaries syndrome (PCOS)
(Tomlinson et al, 2012 &eede et al, 2011)

GDM is marked by abnormal glucose metaboliand insulin resistance (Ben Slama,
1997). In nordiabetic pregnanciesjsulin resistance is marked by compensatory increases
in insulin secretion by the pancreatic bé&tlls (Richardson and Carpenter, 200l the
presence of GDMrelative insulin deficiency is derived from beta cells dysfunct@nM

is also associated with obssiWomen starting pregnancy who are already overweight or
obese are at high risk of developing GDM (Chu et al, 2088h, ethnicity may determine
the effect of obesity on insulin resistance in pregnaasyBMI has greater insulin

resistance in pregnamsamongAsians, (Retnakaran et al, 2006)

5.2.1.3 Prevalence

The true prevalence of GDM is unknown but its prevalence is increasing worldwide (Wan
et al, 2019; Guariguata et al, 201€@urrent estimate of GDM is believed to be between
13% and 30% (Wongteal, 2017)but is dependent on the population studied and the
diagnostic method use@DM affects87.5%of all diabetic pregnancig®ational Institute

of Health and Care Excellen@&ICE, 2015).

5.2.1.4 Effects of GDM

The adverse effects of GDM on folteeonatal and maternal health are well documented
(Benhalima et al 2015, Dessi et al 80Billionet et al 2017 & Kwik et al 2007). The
Hyperglycaemia and Adverse Pregnancy Outcome (HAPO) study is often referred to as &
landmark study which described thed v er se i mpact on both m
health (HAPO Study Cooperative Research Group, 2008). Increased placental transfer o

glucose to the foetus due to maternal hyperglycaemia results in adverse foetal and neonat
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outcomes which include macsia, small for gestational age, hypoglycaemia, congenital
abnormality, increased admission to special care baby unit, stillbirth and neonatal death
(Benhalima et al, 2015). Infants born to women diagnosed with GDM are at risk of
impaired glucose regulatoleading to obesity (Wu et al, 2016 & Damm, 2009), T2 DM
(Mitanchez et al, 2015 & Wu et al, 2016) and autisms (Xiang et al, 2015). Effects related
to the mother include preterm births, increased caesarean section rateslapnasia,
maternal trauma angostpartum haemorrhage. Micro/macrovascular complications are
associated with chronic hyperglycaemia (Kawahito et al, 2009). Additionally, diagnosis of
GDM can lead to a 70% risk of developing the condition in subsequent pregnancies and Tz
DM within 10 years after delivery (Schwartz et al, 2015). Consequently, any preventative
measures can have huge cost benefits (Hex et al, 2Ba@y. identification oféat riskd
women can improve pregnancy outcomes and provide women with the education and
support for poactive behavioural changes ftheir long-term health and subsequent

pregnancies.

5.2.1.5 Management

5.2.1.5.10verview

Early intervention is critical to reduce the morbidity associated with the condition (Gorig et
al, 2015).After diagnosis, womeshould be referred for multlisciplinary review where
teaching is provided on GDM, its likely implications on maternal and foetal health in the
immediate and longerm, importance of blood glucose control and likely treatment.
Women should also be taugtat selfmonitor blood glucose and reviewed regularly in

MDT clinic until delivery. Individualised plans of care should be implemented during
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labourand delivery and womedischarged with lifestyle advice and screened postnatally

to establish their diabetssatus (NICE, 2015).

5.2.1.5.2Strategiesemployedn diagnosis

On diagnosis of GDM, women were referred to the muificiplinary (MDT) education
session where the condition and potent.i
explained. Dietar advi ce was gi ven Fkigure 5.1 andthey wabeE a t
taught seHmonitoring of blood glucose levels. Advice was given to contact the specialist
team if their blood glucose levels exceeded the targeted levelprgprdialCG6mmol/l and

2 hours postneals<7.8mmol/l). They were also encouraged to increase their daily
physical activity, particularly posteals to contribute to normalising their blood glucose
levels without emphasis on weigdlaiss. An appointment was given fitre following week

to attend the MDT (Obstetricians, Endocrinologist/Diabetologists, Nurse and Midwife
specialists and dietician) clinic for antenatal diabetes review. Subsequent-dipllow
appointments were given throughout till delivery based on indiVidsaessments of
mot her s6 and b adibaing.lmdividdalesed Iplank of eare dveravimplemented

during labour and delivery.
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Bread, cereals, starchy foods
and potatoes
Carbohydrate, fibre, vitamin B,
calcium, iron

Fruit and vegetables {including
fresh, frozen, dried and juice)
Vitamin C, E and folate,
carotenoids; potassium magnesium
trace minerals, carbohydrates,
fibre, low in energy

Milk and dairy foods, incuding cheess
Protein, calcium, B vitamins, fat-
soluble vitamins, choose lower fat
varieties

Meet, fish and alternatives including
eggs, pulses
Protein, B vitamins, iron, zinc,
phosphorus
Pulses provide fibre
Qily fish provide end free fats
Choose leaner options

Faulty and sugary foods, including spreads,
savoury snacks, confectionary, biscuits and
cakes, soft drinks and ice cream
Energy, fat, sugar, fat-soluble vitamins

Figure 5.1. Diagrammatic representation of the Plate Model
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5.2.1.5.3Strategiesemployedpostdelivery

All women diagnosed with GDM were offered an OGTT 6weeks-fpektery and a
follow-up appointment for diabetes review after that appointmetite MDT postnatal

clinic. Women with normal results were referred to their General Practitioners (GPs) with
advice for yearly screening. Women with abnormal results were referred to the Outpatients
clinic for specialist care by the Endocrinologist/Diabetologist and Diabetes Nurse
Specialist.

Before discharge, women are encouraged to continue with healthy eadirtg ancrease

their level of activity to maintain a healthy lifestyle. They are also encouraged to have an
early antenatal booking in subsequent pregnancies to enable early screening for the

condition if overt diabetes was not confirmed

5.2.1.6 Screening

5.2.1.6.1What is the guidance?

There is no consensus with regards to the time of screening (Leary et al, 2010; Gilmartin e
al, 2008 & Bottalico, 2007)However, n response to the HAPO study (HAPO Study
Cooperative Research Group, 2008) and the neptbtnote standardised quality care, the
International Association of Diabetes and Pregnancy Study Group (IADPSG)
recommended universal screening betwee@&4veeks for pregnant women not known to

be diabetic (IADPSG Consensus Panel, 2010), as some womgeranasynptomatic
(Cundy et al, 2014) but despite this, ambiguity remains (Benhalima et al,
2015). Consequently, there is ongoing and increasing debate on effective screening for
GDM (Feghal et al, 2018; Moncrieff, 2018 & Hanna et al, 2007), but mogtosup
universal screening betwe@d- and 28weeksgestation for women with risk factors such

as previous history of GDM, previous macrosomic baby, obesity, family history of

161



diabetes and age 35 and above and polycystic ovaries syndrome (Standards df Medice

Care in Diabetes2017 (2017).

As pregnancy advances, insulin resistance increases (Catalano et al 1993). Screening at 2
28 weeks gestation is recommended at the time of peak insulin resistance to get an accura
diagnosis of GDM while allowing timior intervention and management benefit (Feghal et

al, 2018). However, due to Type 2 diabetes meeting epidemic proportions outside of
pregnancy, women may present with undiagnoseebyisting diabetes or may develop
GDM below 24 weeks gestation (Feghalat, 2018). Hence, blanket screening at the
antenatal booking visit is recommended by some organisations. For women with risk
factors (as previously described) the recommendation for early screening varies but more
common is screening between24 weekqStandards of Medical Care in Diabetez017
(2017), NICE, 2015). If changes to GDM screening are to be made, the level of uncertainty

and heterogeneity should be considered (Chamberlain et al 2015).

Current NI CEG6s gui del i n éng forpfedgnaén) women avithnrame n
previous history of GDM and repeat testing betweer24veeks gestation if the initial
result was normal. Women with other risk factors should be screened betw&&n 24
weeks.

Intensive MDT management is critical once thagtiosis is made arappropriate follow

up care is necessary patdlivery. However, the evidence suggests that communication
between the primary ansecondary sectors afeagmented resulting iflewer thanfifty
percent of women not atteing for their posnatal screening. Adequate postnatal care is
thereforeineffective,and a substantial number of women can develop T2 DM which in

turn can have huge cost implications on the health care system (Bernstein et al, 2016).
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5.2.1.6.2Demographics of the locgbopulation

The borough of Newham has a population of approxima38,134(ONS, 2019. In
2019, fortysevenpercent 47%) were females with (68%) of the population between ages
1864and 24 . 4 % E@dic8distybatiarmwas Asians (45%), Whites (Z.7%),
Blacks (17.7%) and other ethnic groups )3 Newham London, @0). Further details

on the Borough of Newham can be found in chapi{&:4.

This ethnic mix presents many challenges for health care service providers especially a
Newham has onefahe highest birth rates in the country which is primarily from a
younger populationGestational diabetes mellitus (GDM) poses a huge challenge for
obstetricians and midwive§ he local prevalence of GDM is unknown bsitpresumed

very high asapproximagly 26,500 people are diagnosed with Type 2 diabetes mellitus (T2
DM) and this is about 10% of the adult population (NCCG, 201Thgrefore, it is critical

to have appropriatlocal and nationascreening guidelines whidhcorporateidentifiable

risk factors of GDM which will identify women who need to be screened and in a timely
mannery considering the potential morbidity and mortality associated with the condition.

This chapters conducted with this aim.
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5.3 Aims

1 To assess whether NICE ratal guideline is appropriate for screening women at
risk of gestational diabetes with risk factors of raised BMI and first degree relatives
with diabetes.

1 To assess whether there are any differences in maternal and foetal outcomes witt
women who are diagised before 24 weslgestation and women diagnosed after

this gestation.

5.4 Research questions
i Does adherence to the recommendati ons
for GDM, result in delayed diagnosis and intervention in women with other risk
factors who develop the condition early in their pregnancy?
1 Are there differences in pregnancy and gm&ignancy outcomes between early and

late diagnosis of GDM?

5.5 Hypotheses
9 Current NICE guideline on early screening for GDM is appropriate to detect
women most at risk of developing the condition.

1 There is no difference in pregnancy and miedtvery outcomes between women

diagnosed early (<24 weeks) with GDM and those diagriosed e ( 024 we €
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5.6 Subjects & Methods

5.6.1 Study population and design

This study was conductesit Newham University Hospital on pregnambmen between
ages17to43Nomen di agnosed with GDM O 24 weeks:s
gestaibn (n=226)wer e identi fied at t he hospital
discussed) andavere recruited during thérst to third trimester at their homes or on
antenatal visits. Data of only women with a confirmed diagnosis of GDM following an oral
glucosetolerance test (OGTT) were included and detailed demographic,-adtioal,

economic and clinical data collecteDiagnosis of GDM was made when the fasting

pl asma glucose was O6. 1mmol /Il itre and/ o
Women with a previous history of GDM, f
previous babies weighin@ k g , mat er n a lraised gaadomOBlodd ghucose

O7.0mmol /1 and <11.1mmol /|l had an OGTT

weeks gestatiorkligible women were recruited up to 32 weeks gestation.

A questionnairedppendix3.7) was used to collect data ¢e) gestatimal ageat the time of
diagnosis of GDM (<24weeks gestation & > 24weeks gestatiyrgntenatal and postnatal
OGTT results,(c) pregnancy complications (eg. hypertensive disorders and pregnancy
loss), (b) diabetes management ard) (haternal and foetal ecomes(eg. prematurity,
postmaturity, macrosomia and low birth weight, neonatal admission to special care baby
unit). Detailed demographic, soetultural and economic data was also colleckedther

details can be found in chapter 3.
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5.7 Statistical analysis

Data analysis was conducted using the SPSS Statistics for Windows (Version 25) analysis
framework. Data collected were labelled, coded and inputted into the SPSS tool. The leve
of measurement was nominal data. The number of cases that appeasah icategory
was counted to either accept or nullify the hypotheses and descriptive statistics were use
to establish frequencies in data, for example, to establish how many women were
diagnosed before and after 24 weeks gestation. Thesdtisire (crostabulation),
Pearsonbd6és <correlation coefficient sdaangt f
pattern of observed frequencies which may suggest an association between variable
tested, for example, whether there was an association between etlamditwomen

diagnosed with GDM. Values gf< 0.05were considered significant.
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5.8 Results:

5.8.1 Characteristics

The demographic and cieal information of the participating subjects are outlined in
Table5.1. Women aged 280 and 3340 diggnosed with GDM <24 weeks gestation were
84 (40%) and 1 WwekksgestationZad0 (&4%)k. 103 Z48%) respectiyely

< 0.209. The mean age was 25. 9. The weakse
gestation in Asians was 71% and 68% respectivety 26% and 23% (respectively) in
Afro-Caribbeangp < 0.029. GDM di agnosis <24 and 024
respectively in overweight women and 42% in obese women in both screening (@reups
0.494. For those diagnosed <24 weeks, 20% presented hawadgptevious chronic
conditions

medi cal whi | eweékd géstatie(p<0.7d4). t he |

Table 5.1: Demographic and medical information and gestational weeks at diagnosis

Demographic & medical | <24 weeks of O 2 4eeks of Totals P value
information gestation gestation

Ages (n=212 (n=226) 0.206
O 20 years 2 (0.9%) 5 (2.2%) 7 (1.6%)

21-30 years 84 (39.6%) 100 (44.2%)| 184 (42.0%)

31-40 years 119 (56.1%) 108 (47.8%)| 227 (51.8%)

O 41 years 7 (3.3%) 13 (58%) 20 (4.6%)

Ethnicity (n=212 (n=226) 0.025
All Whites 7 (3.3%) 22 (9.7%) 29 (6.6%)
Afro-Caribbean 54 (25.5%) 51 (22.6%)| 105 (24.0%)

Asians 151 (71.2%) 153 (67.7%)| 304 (69.4%)

Booking BMI (n=208) (n=220) 0.494
Underweight (<18.5) 3 (1.4%) 1 (0.5%) 4 (0.9)

Normal weight (18.54.9) 41 (19.7%) 53 (24.1%) 94 (22.0%)

Overweight (25.€29.9) 77 (37.0%) 74 (33.6%)| 151 (35.3%)

Obese (030) 87 (41.8%) 92 (41.8%)| 179 (41.8%)

Chronic medical (n=193) (n=220) 0.740
conditions

Yes 39 (20.2%) 30 (13.6%) 69 (16.7%)

No 154 (79.8%) 190 (86.4%)| 344 (83.3%)
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Table 5.2 shows the interrelationship between age, BMI, ieitbhnand chronic medical
conditions.Of those between ages-30 and 3140, 77% and 63%, respectively, were
Asians and 18% and 29% (respectively) A@aribbeans and the remaining 5% and 8%
(respectively), were Caucasiafms < 0.053. Within those age gups, 42% and 49%
respectively were overweight and 33% and 61% (respectively) were (@bese
0.000. In the overweight category, 3% were Caucasians, 20%-@éibbeans and 77%
were Asians, while 11%, 37% and 52% respectively were olpese0(000. Of the 72
women who presented with chronic medical conditions, 93% were between a¢@f21
< 0.609; 35% were of AfreCaribbean and 60% of Asian descgnk 0.059, and they

were either overweight (31%) or obese (44f0¥% 0.909.
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Table 5.2:Interrelationship between age, BMI, ethnicity and chronic medical

conditions
O 20 21-30 years| 31-40years| O 41 P value
Age distribution of (n=7; 1.5%) (n=195; 42.6%)| (n=234;51.1%)| (n=22; 4.8) 0.053
ethnic groups
All White 0 (0.0%) 10 (5.1%) 19 (8.1%) 2 (9.1%)
Afro-Caribbean 3 (42.9%) 35(17.9%) 67 (28.6%) 3 (136%)
Asians 4 (57.1%) 150 (76.9%)| 148 (63.2%)| 17 (77.3%)
Age distribution and | (n=7; 1.6%)| (n=190; 42.4%) (n=231; (n=20; 0.000
BMI 51.6%) 4.5%)
Underweight (<18.5) 0 (0.0%) 4 (66.7%) 1 (16.7%) 1 (16.7%)
Normal weight 0 (0.0%) 58 (59.2%) 38 (38.8%) 2 (2.0%)
(18.524.9)
Overweight (25.0 6 (3.8%) 66 (41.8%) 78 (49.4%) 8 (5.1%)
29.9)
Obese (03 1 (0.5%) 62 (33.3%)| 114 (61.3%) 9 (4.8%)
BMI and ethnicity | Underweight | Normal weight Over weight | Ob e s e 0.000
(<18.5) (18.524.9) (25.029.9)
(n=6; 1.3%) (n=98; 21.9%) (n=158; (n=186;
35.3%) 41.5%)
All White 0 (0.0%) 4 (4.1%) 4 (2.5%)| 21 (11.3%)
Afro-Caribbean 0 (0.0%) 6 (6.1%) 32 (20.3%)| 68 (36.6%)
Asians 6 (100.0%) 88 (89.8%)| 122 (77.2%)| 97 (52.2%)
Chronic medical conditions
(n=72) (n=360) 0.604
Age Yes No
O 20 years 1 (1.4%) 5 (1.4%)
21-30 years 25(34.7%) 156 (43.3%)
31-40 years 42 (58.3) 181 (50.3%)
O 41 years 4 (5.6%) 18 (5.0%)
Ethnicity (n=72) (n=360) 0.059
All White 4 (5.6%) 22 (6.1%)
Afro-Caribbean 25 (34.7%) 78 (21.7%)
Asians 43 (59.7%) 260 (72.2%)
BMI n=71 n=358 0.9
Underweight (<18.5) 1 (1.4%) 5 (1.4%)
Normal weight (18.54.9) 17 (23.9%) 78 (21.8%)
Overweight (25.€29.9) 22 (31%) 127 (35.5%)

Obese (030)

31 (43.7%)

148 (41.3%)
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5.8.2 Risk factors

5.8.2.1 Risk factors of GDM and gestationalges at diagnosis

Of those women who consented to take part in the study, 203 {38 (18.7%) previous GDM
vs. 165 other risk factors} and 218 {27 (12.4%) previous GDML94. other risk factors}

were GDM positive at <24 arf@4weeks respectivelyp(<0.297) (Table 5.3).

Table 5.3: Risk factors of GDM at different gestational weeks

Family B MI ( Previous GDM | Other Groups* P value
History
Gestational n=229 n=88 n=65 n=39 0.291
weeks
<24 (n=203) 108 (43.2%) 41 (20.2%) 38 (18.7%) 16 (7.9%)
024 ( n=1 121 (55.5%) 47 (21.6%) 27 (12.4%) 12 (10.6%)

* Other groups comprise of previous macrosomia, ages 40+, previous poor obstetric outcome (SB & ND), raisealdaddom
glucose( 7.0 & Olilgutammal /1) and

The interrelationship betwaethe risk factors and age, ethnicity and BMI are outlined
below inTable5.4. Age 2130 was 67%, 16% and 9% respectively anedB8iwere 45%,
24% and 21% respectivelyp (<0.00); ethnicity was all Wite 21%, 55% and 17%
respectively, AfreCaribbean 36%, 38 and 20% respectively and Asians 65%, 13% and
13% respectivelyg <0.00Q. For BMI, the values were 76%, 6%, and 10% respectively;

64%, 3% and 17% and 34%, 47% and 17% respectipety(00Q.
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Table 5.4: Risk factors and maternal age, ethnicity an d BMI

Family B MI ( Previous GDM | Other Groups* P value
History
Age n=237 n=89 n=65 n=41 0.001
O 20 yei 6(857%) 1 (14.3%) 0 (0.0%) 0 (0.0%)
21-30 years 121 (66.5%) 29 (15.9%) 16 (8.8%) 16 (8.8%)
31-40 years 101 (45.3%) 54 (24.2%) 47 (21.1%) 21(9.4%)
O 41 vyedi 9(45.0%) 5 (25.0%) 2 (10.0%) 4 (20.0%)
Ethnic groups 0.000
All White 6 (20.7%) 16 (55.2%) 5 (17.2%) 2 (6.9%)
Afro-Caribbean 37(35.6%) 33 (31.7%) 21(20.2%) 13 (12.5%)
Asians 194 (64.9%) 40 (13.4%) 39 (13.0%) 26 (8.7%)
BMI 0.000
Underweight 5 (100.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
(<18.5)
Normal weight 68 (75.6%) 0 (0.0%) 9 (10.0%) 13 (14.4%)
(18.524.9)
Overweight 96 (64.4%) 4 (2.7%) 25 (16.8%) 24 (16.1%)
(25.0-29.9)
Obese (( 61(34.3%) 84 (47.2%) 30 (16.9%) 3 (1.7%)

5.8.3 Pregnancy outcomes

5.8.3.1Pregnancy outcomes and gestational ages at diagnosis of GDM

In Table5.5women who were diagnosed <24 weeks gestation, premature birth was 13%
(26), other groups 3.6% (7) {stillbirth 1% (2), ovaatal death 0.5% (1), miscarriages 2%
(4)} and the remaining 83% (163) delivered at full term. For those who delivered after 24
weeks, 84% (182) delivered at full term with 17% (36) delivered prematyret(.014.

Of those diagnosed before and afte&kks gestation, 1% / 2% had macrosomia, 12% /
8% low birth weight and the remainder were normal 88% / 90%, respectp/el§.880.
Eighty-three per cent (83.3%) of babies with macrosomia were born to mothers who were

obese and (16.7%) overweight. Modedefivery of those diagnosed <24 weeks was 41.5%
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vaginal, 7.7% instrumental and 50.8% caesarean section and 45.2%, 7.8% and 47.0%

respectivelfO0O2 4 weeks pg0.73estation (

Table 5.5: Pregnancy outcomes and gestational ages at diagnosis of GDM

Gestational ages at diagnosis of P value
GDM

Pregnancy outcomes <24 weeks of 024 we

gestation gestation
Gestationalages at birth (n=196) (n=218) 0.014
Full term birth 163 (83.2%) 182 (83.5%)
Preterm birth 26 (13.3%) 36 (16.5%)
*QOther outcomes 7 (3.6%) 0 (0.0%)
Birth Weight 8(n=193 (n=218 0.380
Low birth weight 22 (11.4%) 17 (7.8%)
Normal birthweight (2500- 4449grams) 169 (87.6%) 197 (90.4%)
Macrosomia (04500 2 (1.0%) 4 (1.8%)
Mode of delivery n=195 n=219 0.735
Vaginal 81 (41.5%) 99 (45.2%)
Instrumental 15 (7.7%) 17 (7.8%)
Caesarean 99 (50.8%) 103 (47.0%)

* Other outcomes aoprise of stillbirth, miscarriages and neonatal death&miscarriages x 4

5.8.3.20bstetric complications and gestational ages at diagnosis of GDM
Within the index pregnancy, 21% and 31% developed maternal and foetal/neonatal
complications <2 weeks gestation, respectively, and19% and 32% (respecitigaly)

weeks(p <0.925)(Table5.6).
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Table 5.6 Obstetric complications and gestational weeks at diagnosis of GDM

Gestational ages at diagnosis of GDM P value
<24 weeks of gestatiof] 024 weeks
Obstetric complications (n = 155) (n =190 0.925
No complications 75 (48.4%) 94 (49.5%)
Maternal complications 32 (20.6%) 36 (18.9%)
Foetal / neonatal 48 (31.0%) 60 (31.6%)
complications

Gestational ages at birth for those with maternal and foetal/neonatal complications were
17.7%/ 26.3% full term live and 28.1% / 54.4% preterm, respectivelygd.00Q. Birth

weight for maternal and foetal/neonatal complications were 27.3% / 46% low birth weight,
18.4% / 29.4% normal weight and 18.4% / 29.4% macrosomia, respe¢fve/046.
Deliveries vaginally 15.8% / 32.1%, instrumentally 22.2% / 48.1% and by caesarean
section 22.0% / 28.0% were of women with maternal and foetal/neonatal complications,

respectively(p < 0.12Q (Table5.7).
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Table 5.7: Obstetric complications andggnancy outcomes

Obstetric complications P value

Pregnancy outcomes| No complications Maternal Foetal / neonatal

complications complications
Gestational ages at (n=178) (n=69) (n=113) 0.000
birth
Full term birth 168 (56.0%) 53 (17.7%) 79 (26.3%)
Preterm birth 10 (17.5%) 16 (28.1%) 31 (54.4%)
*QOther outcomes 0 (0.0%) 0 (0.0%) 3 (100.0%)
Birth Weight (n=177) (n=69) (n=112) 0.046
Low birth weight 9 (27.3%) 9 (27.3%) 15 (45.5%)
(02499¢gr ar
Normal birth weight 167 (52.2% 59 (18.4%) 94 (29.4%)
(2500- 4449grams)
Macrosomia 1 (20.0%) 1 (20.0%) 3 (60.0%)
(O450009r ar
Mode of delivery (n=178) (n=69) (n=113) 0.120
Vaginal 86 (52.1%) 26 (15.8%) 53 (32.1%)
Instrumental 8 (29.6%) 6 (22.2%) 13 (48.1%)
Caesarean 84 (50.0%) 37 (22.0%) 47 (28.0%)

5.8.4 Ethnic categories and consanguinity

Consanguinity was found only among the Asians (6.80)<(.00) accounting for

approximately 10% of all Asians screené&dlfle 5.8).

Table 5.8: Ethnic categories and consanguinity

Consanguinity P value
Yes No
Ethnic categories (n=31) (n=424) 0.001
All Whites 0 (0.0%) 31 (100.0%)
Afro-Caribbean 0 (0.0%) 108 (100.0%)
Asians 31(9.8%) 285 (90.2%)
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5.8.5 Diabetes management and gestational ages at diagnosis
Diabetes maagement in <24 weeks gestation was diet only 42.5%, 62.1% diet and oral
medication and 53.4% diet and insulin or combination therapy, compared to 57.5%, 37.9%

and 46.6% respectively R4 weekgp <0.039 (Table5.9).

Table 5.9: Gestational ages atagjnosis and diabetes management

Gestational ages at diagnosis P value
<24 weeks of gestatiof 024 weeks
Diabetes management n =193 n=214 0.034
Diet only 105 (42.5%) 142 (57.5%)
Diet and Oral medicatior, 18 (62.1%) 11 (37.9%)
Diet and Insulin and 70 (53.4%) 61 (46.6%)
Combination therapy

5.8.6 Diabetes management and pregnancy outcomes

Pharmacological therapy of diet only, diet and oral therapy and diet and insulin /
combination therapy were 61.2%, 7.5% and33%d, respectively for full term births and
51.6%, 4.8% and 43.5%, respectively for preterm Kptk 0.0269; 63.2%, 10.5% and
26.3% respectively, low birth weight, 59.7%, 6.5% and 33.8% respectively for normal
birth weight. Macrosomia was 83.3% diet omlyd 16.7% diet, insulin and combination
therapy(p < 0.589. Deliveries vaginally 70.2% / 7.2% / 22.7%, instrumentally 48.4% /
12.9% / 38.7% and by caesarean section 53.2% / 5.9% / 41.0% were managed with die
only, diet and oral therapy and diet, insubbr combination therapy, respectivéy <

0.002 (Table5.10).
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Table 5.10: Diabetes management and pregnancy outcomes

Diabetes management P value
Pregnancy outcomes Diet Diet and Oral Diet and Insulin and
only Medication | Combination therapy
Gestational ages at (n=250) (n=29) (n=137) 0.0269
birth
Full term birth 213 26 (7.5%) 109 (31.3%)
(61.2%)
Preterm birth 32 3 (4.8%) 27 (43.5%)
(51.6%)
*QOther outcomes 5 0 (0.0%) 1 (16.7%)
(83.3%)
Birth Weight 0.589
Low birth weight 24 4 (10.5%) 10 (26.3%)
S 0,
(02499gr am (B2
Normal birth weight 220 25 (6.5%) 125 (33.8%)
0
(2500- 4449grams) | ©°7%)
Macrosomia 5 0 (0.0%) 1 (16.7%)
z 0
(64500gr amy (833%
Mode of delivery 0.002
Vaginal 127 13 (7.2%) 41 (22.7%)
(70.2%)
Instrunental 15 4 (12.9%) 12(38.7%)
(48.4%)
Caesarean 109 12 (5.9%) 84 (41.0%)
(53.2%)

5.8.7 Postdelivery outcomes and gestational ages at diagnosis

Postdelivery, of those with GDM diagnosed <24 weeks, 25% had abnormal OGTT of
which 12 % had T2 DMInt he 024 weeks group, 4% had
impaired glucose tolerance (IGT) (blood glucose between 7.8 & 11.1mmol/l after 2 hours
glucose load) or impaired fasting glucose (IFG) (fasting glucose >6.1mmol/l). Overall,
twenty-five (16 %) were diagreed with T2 DM and 23% had either IGT or IFG on
postnatal OGTT [ <0.01Q (Table 5.11). Postpartum blood glucose status for Afro

Caribbeans and Asians were 87.8% / 78.0% normal, 6.8% / 12.6% IGT/IFG and 5.4% /
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9.3% Type 2 DM, respectively. Whites were 3. normal and 16.7% Type 2 DM (

<0.149 (Table5.12).

Table 5.11: Postpartum glycaemic status and gestational ages at diagnosis

Normal Impaired Glucose Type 2 P value
Tolerance (IGT) / Impaired diabetes
Fasting Glucose (IFG) mellitus
Gestational (n=262) (n=36) (n=25) 0.010
ages on GDM
diagnosis
(weeks)
< 24/40 112 (74.7%) 20 (13.3%) 18 (12.0%)
6 24 150 (86.7%) 16 (9.2%) 7(4.0%)

Normal = <6.1mmol/l on fasting and <11.1mmol/l two hours after glucose load; Impaired Glucose To(¢&F)ce normal fasting
plasma glucose with-R 2 dzNJ @I £ dz§ X1 dy YY2ft ki FyR XmMmomYY2fkt | yR LYLIF ANBR
below 7.0mmol/l with a normal-hours value <7.8mmol/l

Table 5.12: Postpartum glycaemitagsus and ethnic groups

Normal Impaired Glucose Type 2 P value
Tolerance (IGT) / diabetes
Impaired Fasting Glucose
(IFG)
Ethnic groups (n=272) (n=36) (n=30) 0.144
All Whites 15 (83.3%) 0 (0.0%) 3 (16.7%)
Afro-Caribbeans 65 (87.8%) 5 (6.8%) 4 (5.4%)
Asians 192 (78.0%) 31 (12.6%) 23 (9.3%)
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5.9 Discussion

5.9.1 Prevalence of GDM
In this study, GDM was more common among the Asians, followed by the Afro

Caribbeans with the indigenous group less likely to have the condition aweathisighly
significant. Although the Asians were the more dominant group detected with GDM, there
were a similar number of women detected early and late gestation, likewise for the Afro
Caribbeans. Compared to the Whites, Afraribbean were 4 times andi&ss 10 times
more likely to develop GDM. This prevalence exceeds national figures (NICE, 2015) but is
reflective of the ethnic distribution of the local population. In support of the findings of this
study, GDM was found to be more prevalent among Asikas Whites (Ferrara, 2007,

Yang et al, 2002 & Dornhurst et al, 1992).

Obesi ty, sedentary i festyl e and c hang
geneti c/ epi ge nsarel believedpts eodtribstepto the high pmevalence of
diabetes in generamong Asians (Hu, 2011). Also, the incidence and prevalence can be
rapidly increased when further complicated with consanguineous marriages. Consanguinity
is more common among Asians and this was reflected in this study which showed no
incidence in the ther ethnic groups. Therefore, a significant number of local women were
presenting in pregnancy with other confounding factors, which at booking, make their

pregnancy OHigh Riskdéd, even without the

In 2012, a West Indian studyrducted to assess the effects of family history of diabetes
and consanguinity on the siblings of T2 diabetics found a positive correlation between

these factors and metabolic disturbance within this group (Shahid et al, 2012). This study
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was conducted oa nondiabetic population and should GDM have been present in the
study group, one can conclude that there could have been a stcongdation,and this
coupled with theaetiology of the condition, could be partly responsible for the cyclical

effect ofdiabetes among and within this group.

5.9.2 Family history and BMI

In this study, family history and BMIBO were strong indicators of developing GDM early

in pregnancy with the latter being as strong as those having had a previous history of GDM
and the former being over twice the strength. Overthird of the women screened were
either overweight or obesend they were mainly Asians followed by Af@aribbeans.
These findings suggest a link between familial factors and increasing BMI and GDM
within the local population.

Our findings are substantiated in a systematic review with-arelysis on pr@regnacy

BMI and the risk of GDM, which found that compared to women of normal weight,
women who were overweight and moderately/severely obese were at higher risk of
developing GDM and that risk increased for every 1kg/m increase in BMI (Torloni et al,

2009).

Recently, a study had revealed that the incidence of GDM increased, the higher the pre
pregnancy BMI (AbeHeija et al, 2017). A systematic review which examined maternal
anthropometrics on pregnancy outcomes of South Asians found that pre/early pregnancy
weight and body fat were associated with anthropometric changes, mode of delivery, birth
weight and GDM, suggesting an increased risk of adverse pregnancy outcome among thi
ethnic group (Slack et al, 2018). Additionally, inaagescalepopulatiorbasedstudy, a

strong correlation was established bet we
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of developing GDM suggesting that early life factors contributed tca¢tielogy of the

condition (Innes et al, 2002).

Al so, when BMI 025 a SLreeking/tool Zor theadstectios af DM, the
incidence was highest amomfrican Americans(76%), followed by Latinas (58%),
Caucasians (46%) with Asians (25%) least at risk (Shah et al, 2011). In a large 1.ondon
based study, BMI was found to be asated with diabetes in pregnancy, regardless of
ethnicity. However, the application of BMI coff of 30.0 kg/m2 is believed to fall
detection of East and South Asian women who have shown to be at higher risk of diabete:
at a lower BMI threshold as low &l kg/mg2. It is therefore suggested that universal

screening for all Asians might be the way forward (Nishikawa et al, 2017).

An Australian study that compared ethnicity with GDM diagnosis have demonstrated
similar low BMI thresholds in Soutltast Asias in the diagnosis of GDM based on
elevated zhr values compared to Anglemerican and women from the Pacific who had
higher BMIs and GDM diagnosis on elevated fasting values (Wong, 2012). Other studies
have shown similar association between low BMI dmel detection of diabetes among
Asians (Ma & Chan, 2013 & Nyamdor i et al
cut-off for this study may prove to be of a disservice to Asians in particular. Hence, ethnic
specific BMI thresholds for the diagnosis of GDivay be necessary for more accurate risk
identification with a more targeted approach for intensive care including during the
postnatal period (Mukerji et al, 2012). Nevertheless, obesity prevention among all ethnic
groups may be necessary for the reducbbrthe prevalence of the disease (Shin et al,

2012).
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Like BMI, advancing maternal age is also a risk factor in the detection of GDM and this is
more of a concern among South Asians and Black Africans (Makgoba et al, 2011).
Makgoba et al (2011) also fodihat the interaction of age and BMI with racial groups can
determine the prevalence of GDM. Also, Black Caribbeans were less likely to develop
GDM compared to Black Africans, suggesting inaccuracies of reporting epidemiological
findings among and withirthese groups. Despite these findings, having a shift in
separating these groups may be avoided to provide larger sample sizes for strong statistic:
analyses for the understanding of tlaetiology of diseases like GDM/diabetes.
Nevertheless, as AfrGarribeans were the second largest group in this study, consideration

must be given to separate the Black Caribbeans from the Black Africans for future work.

A recent study which looked at the prevalence of GDM and associated risk factors among
Chinese women imnd that there was a high prevalence of GDM within this group with key
risk factors being advanced maternal agespseginancy BMI and a history of first degree
relative with diabetes (Wu et al, 2018). Likewise, there was a direct link between
increasing raternal age and developing GDM with a family history of diabetes and
previous history of GDM being the main predictors of the condition. There was also a
strong correlation between increasing maternal age and having a positive oral glucose
challenge testGCT) when screened betweenZ8lweeks (AbtHeija et al, 2017). In the
Northern California Kaiser Permanente study, the prevalence of GDM increased in all age
groups with the highest increase among the youngest group (Ferrara et al, 2004). The
populationstudied was predominantly young and age was not a major risk factor for this

study.
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In a Saudia Arabian study, multiparous women were approximately 8 times more likely
than nulliparous women to develop GDM and the latter group had an increased Hsk of 2
21% when age was increased from 20 to 40 years (Al Rowaily MA & Abolfotouh MA,
2010). In this study, age was not a determinant factor with regards to early or late diagnosis
of GDM. However, as Al Rowaily & Abolfotouh (2010) and AbLe i j a et al
studies only evaluated the lagset GDM, it is difficult to make wholesome comparisons.
Nevertheless, it would have been useful to explore parity in relation to the time of
diagnosis as this factor seems to have some correlation to GDM diagnosis. Likéthise,

our local population being predominantly young, this information would have been

invaluable for future care planning.

5.9.3 Early and late diagnosis of GDM

NICE (2015) recommends that early screening should be offered only to those with a
previous Istory of GDM. However, this study has demonstrated that almost 50% of the
women developed GDM before week 24 and a considerable number of theseskigh

pregnant women, nearing 80% had no previous history of gestational diabetes.

These findings concwith previous studies which concluded that selective screening may
fail to detect about onthird of women with GDM (Benhalima et al, 2015) whereas
universal screening has a higher detection rate (Tieu et al, 2017; Benhalima et al, 2015)
This is despite a&Cochrane review demonstrating insufficient evidence to conclude a

positive impact on maternal and foetal health (Tieu et al, 2017).

NI CE6s (2015) current guidelines may hav

based on the evidence of thisidy whereby a considerable number of higk pregnant
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women without previous histories of gestational diabetes developed GDM before week 24,
a strict adherence to the NICE guidelines may be inappropriate if the target population is

genetically predisposkto metabolic abnormalities.

Therefore, in regions of the UK, such as the London Borough of Newham which have a
significant number of residents of Asian origin, pregnant women with a family history of
diabetes and raised BMI should be screened for tgmsah diabetes as early as possible.
Furthermore, universal screening in an area like this which is highly-oulitiral may

have a high detection rate and further research may be needed to explore this ares:
Addi tionally, the f ammd/l)useg fontre ldiagaosi®al GDMGOr T
this study were based on NICEG6s (2008) g
current recommendations of O5.6mmol /1 an

have been an increased detectida,raith these tighter guidelines.

This is of concern because poorly controlled gestational diabetes is associated with advers
maternal and foetal outcomes (Billionnet et al, 2017). Moreover, there is evidence that
women with a history of gestational betes have a high risk of developing type 2 diabetes
(Kwak et al, 2013) and their children type 2 diabetes in later life (G¥langus et al,

2012) and autism (Xiang et al, 2015).

5.9.4 Diabetes management

In this study, approximately 61 percent of wbmen were managed on diet only and this
form of management was more common among
those who received pharmacotherapy, the main form of treatment was diet and insulin

therapy,and the incidence was similar in both lgaand late diagnosed GDM groups.

183



Although the number of women on combination therapy was small the incidence was three
times greater in those diagnosed <24 weeks gestetimpared to those diagnosed later
However, for statistical analysis, this groupsw@mbined with those receiving the next
intensive form of treatmentinsulin. Overall, those diagnosed early needed more intensive
pharmacotherapy, possibly impacting on nearing half the number of preterm births and
instrumental and caesarean sectionveeks.

A recent study which evaluated pregnancy outcome in early andriagd GDM with risk
factors of BMI and family history of diabetes has shown that the insulin requirement was
85 percent and 55 percent in early and-tatset GDM, respectively @min et al, 2015).

It is difficult to postulate whether the limitation of using only two risk factors and insulin
as the only form of phar macol ogi cal t her
treatment modalities and the environment in whielatment was administered, could have
impacted on the pharmacotherapy regimen and the subsequent impact on pregnanc
outcomes. Additionally, as the subjects studied were of Bangladeshi origin living in their
native country, genetic predisposition may h@deen a factor necessitating intensive
therapy resulting in higher use of insulin therapy compared to this study which studied a

wider crosssection of ethnic groups living in the UK with four treatment options.

Nevertheless, most recently, a systematigaw on the effects of treatment on pregnancy
outcomes of women diagnosed with GDM has shown no significant difference except for a
reduction in shoulder dystocia in intensive versus less intensive treatment in the former

group (Hovath et al, 2019)
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5.9.5 Pregnancyoutcomes(maternal and foetal)

In this study, although nearing half of the women presented having had previous obstetric
problems (adjusting for the primagravidas) and almost half had no clinical problems within
the existing pregnancy. Oman argue that early intervention may have contributed to that
positive outcome, having had extensive screening before 24 weeks of pregnancy to include
women with risk factors other than a previous history of GDM. Obstetric complications
which were mainlyassociated with the foetus/neonate developed at any stage of pregnancy
regardless of gestational age when GDM was diagnosed. A significant number of these

women with complications delivered prematurely compared to healthy women.

Macrosomia was more comm@enmong women di agnosed 024
had ante and intrapartum complications but with no statistical significance. Low birth
weight was higher in diagnosed GDMs <24 weeks gestation. Fifty percent of those who
developed complications were delred by caesarean section while approximately one

third of those who had an instrumental delivery also had complications.

A possible explanation for the [Isigestater i |
could be due to the very nature of the lategdasis and possible late specialist
intervention. It is well documented in previous evidence the benefits of early intervention
to promote optimal well being for mother and baby (Gdrig et al, 2015). Conversely, IUGR
in those diagnosed <24 weeks could ba assult of intensive treatment requirements due

to insulin resistance and a possible causal effect reflective of likely undiagnosed T2

diabetics.
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In a prospective Austrian study which examined clinical and pathophysiological
characteristics of women Witearly and late diagnosis of GDM (using the IADPSG
criteria) a higher degree of insulin resistance in the early onset gwag found
implicating that preexisting insulin resistance and beta cell dysfunction during pregnancy
may determine early onset &DM diagnosis. Conversely, a manifestation of stk
dysfunction was found in early pregnancy of women diagnosed with GDM later in
pregnancy, suggesting possible compensatory mechanisms during later pregnanc

(Bozhurt et al, 2015).

Compared to Caucasis, Asians and South Asians have increased insulin resistance in late
pregnancy. Also, prpregnancy BMI has greater insulin resistance in pregnancies in
Asians compared to Caucasians and this may have resulted in the great disparity betwee
the former ad latter ethnic groups in this study. When these factors are combined,
ethnicity may determine the effect of obesity on insulin resistance in pregnancy

(Retnakaran et al, 2006).

There were a similar number of fuérm births within the two groups (83% \84%).
However, the number of stillbirths, neonatal death and miscarriages although small was
found only amongst those diagnosed <24 weeks gestation. This reinforces the notion tha
the earlier the diagnosis of GDM, the more detrimental the likely impatioth mothers
and their babiesd health, and the need
management to reduce the morbidity associated with the condition (Kennedy 2017, NICE

2015).
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Although stillbirth rates among GDMs have decreased duergesing, treatment and
antenatal surveillance of these mothers, about 4% of all stillbirths remain attributable to
diabetes, and diabetic pregnancies continue to be at risk of prenatal mortality (Weissgerbe
& Mudd, 2015). Ben Slama et al (1997) estimatiealt the risk of stillbirth is increased
after thirtyfive (35) years even after the exclusion of conditions like hypertension and
diabetes. In our study, age was not a contribufagtor, and the adverse pregnancy
outcome may have been associated widilyeonset of GDM or the likelihood of
undiagnosed Type 2 DM pyregnancy, and morbidity associated with those conditions.

Findings from Hosseini et alos (2018) 06s

in earlyonset GDMs compared to the laieset group.

A retrospective study has demonstrated thatppegnancy overweight and obesity are
linked to large for gestational age infants, even without a diagnosis of GDM (Black et al,
2013). Almost ninety percent of the babies had normal birth weighis study. Of those
diagnosed with macrosomia, their mothers were either obese or overweight. One car
postulate that local guidance on extensive screening of those other than with a previous
history of GDM has not only been effective in detecting igk women early, but with

early intervention, the incidence of macrosomia and relatedarbidities may have been
prevented or reduced. However, despite-gmegnancy overweight and obesity being
linked to GDM and poor pregnancy outcomes (Catalano €20dl2; Pere#erre et al,
2012), even without a diagnosis of GDM (Black et al, 2013), it can be argued that excess
weight and GDM share similar physiopathological characterisfiassulin resistance and
therefore it is difficult to isolate the effects edch on maternal and neonatal outcomes

(AssafBalut et al, 2016).
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High first-trimester fasting glucose levels, even when below the values of diagnostic
diabetes, increase the risk of macrosomia, LGA birth weight and caesarean -(Riskin
Mashiah et al 2009\When combined these factors may suggest that women who present
before 24 weeks gestation may have had advanced pathophysiology and this may hav

resulted in poorer maternal and neonatal outcomes (Feghal et al, 2018).

High rates of adverse pregnancyarhes were detected in women diagnosed with GDM
before 24 weeks with the highest risk in those diagnosed less than 12 weeks but afte
accounting for maternal characteristics like obesity and timing of diagnosis, there was no

longer associated with macrosanand LGA birth weight (Sweeting et al 2016).

A recent study which looked at the timing of diagnosis of GDM and pregnancy outcome
confirmed that those with a history of previous GDM were more likely to have an early
diagnosis before 24 weeks gestatibhey were also more likely to be older, less likely to
have a college education and be nulliparous. They were also more likely to be obese bu

had a reduced chance of having excess gestational weight gain (Feghal et al, 2018).

Women diagnosed before 24eeks gestation were more at risk of adverse outcomes
compared to those after 24 weeks. Macrosomia was more common in the earlier diagnose
group, but only a slight difference was reported in gestational age at delivery. In terms of
diabetes management, wemdiagnosed before 24 weeks were more likely to be treated
with oral therapy or insulin. This group of women diagnosed before 24 weeks is believed
to have unique features and therefore a targeted approach to therapy is recommende

(Feghal et al, 2018).
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Preterm birth was hi gher I n women di agr
statistical significance. This is unlike the finding of a most recent retrospective study which
showed a high incidence of preterm birth in those diagnosed early. This stldgtest

the pregnancy outcomes of women with ear
of GDM using the WHO 2013 screening criteria (75g OGTT) and found a higher incidence
of preterm birth and caesarean section rate in the former group compseedigiporting

the notion of early screening and diagnosis of frighk women. Also, there was an
association between gestational age at GDM diagnosis and macrosomia and neonat:
hypoglycaemia (Bashir et al, 2019). Conversely, no significant differensefauad in
neonatal outcomes, in another retrospective study which used both the WHO 2013
screening criteria (75g OGTT) versus fas
at 024 weeks gestation. However, women
phamacotherapy and BMI was highly significant in the prediction of this need (Alunni et

al, 2015).

Nevertheless, it is argued that despite early detection of GDM (<12 weeks gestation) anc
best treatment, the pregnancy outcome of these women remains pa®icantgparable to
women with type 2 diabete3herefore,it is suggested that alternative approaches to
management are necessary to improve the pregnancy outcomes in thesiskhigh
pregnancies (Sweeting et al, 2016). It is postulated that this couldebéo dihe early
establishment of foetal hyperinsulinaemia thus supporting the need fq@rgoeancy
planning and early establishment of maternal glycaemic control (Desoye & Nolan, 2016).
These researchers have descriéealdotwhscliph
responsible for some foetuses having the characteristics of diabetic fetopathy despite thei

mothers having normal glucose tolerance.
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In a large retrospective Australian pregnancy study, it was found that compared to
Caucasians, Chineswomen had a higher risk of developing GDM but with fewer risk
factors which included lower BMI. Caucasians had poorer pregnancy outcomes while there
was no difference in outcome in those diagnosed with GDM and those without the
condition. Consequently thnicity needs to be considered when screening for GDM and
managing the potenti al risks associated

ri sk prediction approachoé has been sugge:

5.9.6 Postnatal Outcomes

In this studythere was a significant increase in those diagnosed with T2 DM <24 weeks

compared to those diagnosed after 24 weeks. As there was an additional 115 who were nc
screened because they forfeited their appointments for postnatal testing, one can concluc
tha an additional 12% could have had T2 DM, if the same percentage is applied. Of those
diagnosed with overt diabetes, 77% were Asians, although not statistically significant.

Thirteen percent (13%) were Af@aribbeans and the remaining 10% were Whites.

A previous study which evaluated the impact of GDM on postpartum diabetes has shown
that 6.5% were of South Asians origin and a third developed diabetes within 8 years,
although they and women of Chinese origin were at decreased risk of postpartum diabete

(9-10-fold) compared to Whites in whom the risk wasfal (Mukerji et al, 2012).

PostGDM, women are at risk of developing T2DM withirlByears and their children,
the condition in their early years because they have a higher risk of being obesge(Met

et al, 2002). Obesity is a known contributory factor to GDM but root causes relate to
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socioeconomic factors (Chu et al, 2007). In a eeesgional USA study, central obesity
was common among Asians and the prevalence increased over time and wasedssoc
with increased risk of T2 DM (Liu et al, 2017). It is postulated that this obesity epidemic is
fuelled by increased calorific intake and decreased physical activity (Bataf et al,

2016; Hunt & Schuller, 2007) and has now become a public healib.i

Follow-up of this lost group is critical if future morbidities associated with GDM in
subsequent pregnancies and T2 DM are to be reduced or even prevented; as wome
diagnosed with GDM have a 70% risk of developing GDM in subsequent pregnancies and
T2 DM within 10 years postelivery (Schwartz et al, 2015). -B®% of women diagnosed

with GDM develop T2 DM postlelivery (Wu et al, 2016). Having a postnatal OGTT and
consultation are critical to the folleup program (Beischer et al 1997; McClean et al,
2010) which needs to be unambiguous (McClean et al, 2010) and could be best organise

by team administrators than clinicians (Beischer et al, 1997).

In a descriptive qualitative US study, women described being motivated to manage their
GDM condition fortheir babies and not for themselves. Most believed that their future
health would not baffected,and they were unaware of their risk of easlyset T2 DM
(Bernstein et al 2016) a condition that could be prevented with reduced portion sizes and

increagd activity (Hunt & Schuller, 2007).

To reduce the morbidity associated with the lbagn effects of GDM, having a health
education model can be useful to improve knowledge, and related beliefs and practices fo
prevention and early detection of T2 DM affik, 2017). Community engagement

programmes offering increased activity are also necessary for all ethnic groups but
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particularly Asians, asmmostwomen diagnosed were within this group. However, care must
be taken when conducting any health researchusecAsians are a heterogeneous group
and should be studied and evaluated withingdups (Chu et al, 2009). In an Australian
randomised controlled trial of a postnatal diabetes prevention program, it was concluded
that as little aslkg weight loss ha tpotential to be significant in the reduction of

di abetes risk (O6Reilly et al, 2016).

A study conducted to evaluate the effectiveness of the prevention of Type 2 diabetes
presented by a commercial weight management provider using a primary pathway has
achieved a significant reduction in weight loss and subsequent diabetes risk (Piper et al
2017 b). However, one may argue that one needs to cautious because commeraal intere
can be seen as a bias and may influgheefindings. Nevertheless, due to #&monomic
constraints that the NHS is under, this could be a viable option to curb the obesity crisis

and reduce the explosion of T2 DM following childbirth and in general.
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5.10 Conclusion

Our findings demonstrated that in communities like Nawwhwhich are genetically
susceptible to T2 DM, early screening slaoloe offered to pregnant womeni t h B M|l
and with afamily history of diabetess these risk factors are strong predictors for early
detection of GDM Early detection of GDM within thesgroups will facilitate the
reduction of adverse birth outcomes and postnatal risks.

GDM remains a challenge for clinicians. Screening for the condition remains ambiguous
and debatable. Current NICE guidelines appear to be limited in its offer foiseegbning

to only those with a history of previous GDM. Adherence to these guideliogkl be
inapprop i ate in highly diverse popul ations w
Therefore, current NICE guidance on screening for GDM may need toédwalieated to
assess its efficacy of use and application in areas with a high prevalence of diabetes

Further research is needed in this area.

Oral supplementation with ome@afatty acids in pregnant womenhglieved to one way

of improving the health and wdbeing of mothers and their offspring. This wile b

explored in the next chapter (6) with peudiiar focus on women with GDM.
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Chapter 6:

The beneficial effects of omega 3 fatty
acids on maternal and foetal health and
birth outcomes of women diagnhosed

with gestational diabetes mellitus
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6.1 Chapter overview

5 In this chapter, | hae explored the beneficial effects of omeydiatty acids on
maternal and foetdlealthand birth outcomes of women diagnosed with GDM. To do this,
women with GDM were approached by randortect®n and offered the opportunity to
take part in the nutritisal study For women who consented to be part of the nutritional
study, they wereandomised into two groups and given DHA or high oleic acid sunflower

seed oil placebo capsulEem recruitmenuntil delivery

6.2 Introduction

Maternal nutrition at tb time of conception and throughout pregnancy is critical to a
womanos health during pregnancy and preg
Powell, 2010). Included in the recommendation for a balance and health diet, are essentie
fatty acids (EFA} {(arachidonic acids (AA) and docosahexaenoic acids (DHA)}. EFAs
have been shown to be essential components in the foetal placental unit (Crawford et al
1989) with implantation, vascular growth and organogenesis (Demetris et al, 2005), and
subsequent ennponic morphology (Hammiche et al, 2011). Both mother and baby benefit

from enhanced levels of omega 3 fatty acids supplementation (Dunstan et al, 2004).

For the foetus, newborn and infant, EFAs, particularly AA are necessary for foetal growth
and develoment (Innis, 2007; Crawford, 2004). DHA is an important component of the
developing central nervous system and is vital dognitive and visual development
(Connor et al, 1992Crawford et al, 1976 DHA accumulates rapidly in the brain and
retina duringthe 2% (Martinez, 1992; Min & Crawford, 2004) and’3rimester and soon

after delivery (Jensen, 2006) . A chil doé:
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improve with supplementation with EFAs (Perera et al, 2012; Yui et al, 2012 & Gustafsson
et al 2010). Increased birth weight and reduction in preterm births (Onwude et al, 1994 &
Olsen et al, 1986), low levels of hyperbilirubinemia and hospitalisation are other potential

benefits.

For the mother, likely benefits include prolonged gestational (&4gen et al, 1991),
reduction of preeclampsia (Dyerberg & Barkf§85 & Romeo et al, 1988) armhtr
hypertensive properties (Miller et al, 20&4Hartweg et al, 2007) and lowering effects of

cardiovascular diseasel{@vdhury et al, 2014 &on Schacky & Has, 2004).

During pregnancy, the foetus demantsrequirement of AA & DHAfrom the mother
(Clandinin et al, 1980; Martinez 1992) sometimes leaving the mother with depleted stores,
particulaty at the end of pregnandBhelyemeskel et al, 2008 Otto etal, 1995. AA &

DHA camot be synthesized by the bo(iytto et al, 1999)Therefore adequateanaternal
stores ofthese EFAghroughingeston of foods or supplementare necessary for their
selective and efficient placental transtermeet the demands tfe foetusduring the pre

and posiatal period¢DuttaRoy, 20@ & Haggarty et al, 1997

However experimental (human & animal) studies into diabetes kheg/n impairmenin

the delta5 and delteb desaturaes which are responsible for the syntheSISCPUFAs €l
Boustani et al, 1989 Additionally, sinceGDM is characterised by possibshortterm
insulin resistance, which has adverse effect on LCPUFAs (Min et al, 2006), and not
adequately compensated by insulin hygmulation due to defectivieeta cells function
(Davis, 1990)added supplementation may be required to improve insulin sensitivity and

subsequent pregnancy outcomes.
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6.3 Aims

The aims are to investigate the:

a) Effects of maternal supplementation with arachidonic and docosahexaenoic
acids on maternal and foetal wellbeing during pregnancy and on pregnancy

outcomes of women diagnosed with GDM.

b) Effects of supplementation with arachidonic and docosahexaenoic acids on

maternal postpartum glycaemic status.
6.4 Subjects and methods

This was a placebecontrolled, randomisechutritional trial conducted at Newham
University Hospital. Women ages 17 to 45
GDESs (previously discussed)HEligible pregnant women diagnosed withDM were
reauited up to 32 wdes gestation and randomly allocated either orviedatty acids or

placebo, taken from the time of recruitment up until delivery.

A questionnairegppendix3.7) was used to collect datan pregnancy complications (eg.
hypertensive disorders and pregnafuss),diabetes managemeandmaternal and foetal
outcomes(eg. prematurity, poshaturity, macrosomia and low birth weight, neonatal
admission to special care baby unijomen were also asked about their and their babies
health and wellbeing, supplemense which included how, when, quantity taken, side
effects, storage of supplements and wome

continue on the studyurther details can be found in cha@er
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6.5 Statistical analysis

Data on age, parity andMB are presented as mean * standard deviation (df), median
(range) and n (%) as number of occurrences with percentages, where appropriate
Pearsonds Chi sqguare test was used to te
the study groups which rewed placebo or active (fish oils) supplements. The Chi square
test was also used to evaluate the similarities and differences in maternal and foeta
outcomes of women supplemented with AA and DHA and those withulgpendent-t

test was used to compatiee effects of differences in age, parity and BMI between the
groups.Statstical significance equated < 0.05 The IBM SPSS Statistics version 25

was used to conduct all analyses.

6.6 Results

6.6.1 Subjects recruited

Maternal demographic and clinlazharacteristics of subjects are provided @able6.1 and
Figure 6.1. Of the women diagnosed with GDM and randomised (n = 149), supplemented
with fish oils were (n = 75) and placebo (n = 74). In the placebo group, withdrawn were (n
= 7), moved out of tharea (n = 4), miscarried (n=1), stillbirth (n = 1), neonatal death (n =
1) resulting in full term live births (n = 53) and preterm births (n = 6) completing the study
and 1 lost to follow up. Full term and preterm live births in the active group weaad9

15, respectively after accounting for withdrawals (n = 7) and women who moved out of

area (n = 4jFigure 6.1).
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GDM (n=149)

Active (n=75) Placebo (n=74)

Stillbirth (n=1)
Miscarriage (n—=1)
Withdrawals (n=7)
Neonatal death (n=1)
[Lost to follow up (n=1)

Withdrawals (n=7)
Moved out of area (n=4)

Delivery (n=64) Delivery (n=59)
Full term Preterm Full term Preterm
(n=49) (n=15) {(n=53) (n=0)

Figure 6.1: Flow chart of recruits

Subjects in the active and placebo groups had similar characteristics. Overall, the womer
studied wee between ages 2140 (n = 141; 95%) (Mean age 31.23; rangedd9ears) f§

< .277. The majority were of Asian descent (n = 98; 66%) followed by -&fapibbeans

(n = 37; 25%) with an average BMI of 28.99 kdfmange 1648 kg/nf) and an average of

2 (man, 1.4; range -8) children. Most women (n = 104; 70%) were English speaking.
Subjects starting the study with chronic medical problems were 16 (23%) and 9 (13%) in

the active and placebo grougs< .132), respectively; while others developed maternal (n
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=9,17% / n =6, 10%) and foetal (n = 29, 54% / n = 37, 62%) complications in the active
and placebo group® (< .525, respectively. Pregnancy complications developed in the
index pregnancy were intrauterine growth retardation (IUGR) on ultrasoundU4s&) 4
(6.3%) / 2 (3.2%), big babgn USS 6 (9.4%) / 6 (9.7%) hypertensive disorders 7 (10.9%) /

4 (6.5%) presumed foetal compromise 4 (6.3%) / 4 (6.5%) in the fish oils and placebo
groups, respectively. Other complications also developed in the activd%n23%) and

the placebo group (n = 13, 21%) with 1 incident of malpresentation in the latter greup (

.826) (Table 61).

6.6.2 Diabetes managemenand control at recruitment and pre-delivery

Diabetes management among women in the active andoplareups was diet only (n =

35, (57.4%) / n = 37 (61.7%), diet and oral medication (n = 6, (9.8%) / n =4, 6.7%), diet
and insulin (n =18, (29.5%) / n = 14, (23.3%), and combination therapy (n= 2, (3.3%) / n =
5, 8.3%) p < .529, respectively Table 62). In the active and placebo groups, average
HBALlc on recruitment and pelivery was 6.0% (42 mmol/l) / 6.1% (43 mmol/l) and
5.9% (41 mmol/l) / 5.8% (40mmol/l), respectively. Average gestational age on recruitment
was 23 weeks in both groups and-getivery was 33 weeks / 32 weeks in the fish oils and

placebo groups, respectiveljable6.2).
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Table6.1: Demographic and clinical characteristics of subjects

Study groups Gestational diabetics
P value {Standard

Intervention Active Placebo deviation (df)}
No. of Subjects (n) 75 74

mean 30.73minimum20 - mean 31.74; minimum 19maximum
Age, (years) n (%) maximum 44 43 .277 (3)
X HM 1(1.3) 1(1.4)
21-30 41 (54.7) 29 (39.2)
31-40 31 (41.3) 40 (54.1)
X nn 2(2.7) 4(5.4)
Ethnicity, n (%) .990 (2)
All Whites 7(9.3) 7 (9.5
Afro-Caribbeans 19 (25.3) 18 (24.3)
Asians 49 (65.3) 49(66.2)
Language, n (%) .630 (1)
English 51 (68.0) 53 (71.6)
Non-English 24 (32.0) 21 (28.4)

mean 1.27,

Parity, n (%) minimum 0- maximum 6 mean 1.53, minimum O@maximum 6 .263 (3)
No previous child 33 (44.0) 24 (32.4)
1 child 17(22.7) 14 (18.9)
2-4 children 21 (28.0) 32 (43.2)
X p OKAf RNBY 4 (5.3) 4 (5.4)

mean 28.77; minimum 16 | mean 29.21; minimum 19maximum
Body mass index (BMI) (kg/m2), n (%) maximum 48 42 .570 (3)
Underweight (<18.5) 2(2.7) 0(0.0)
Normal weight (18.824.9) 17 (22.7) 17 (23.0)
Over weight(25.029.9) 26 (34.7) 26 (35.1)
hoSasS 6xono 30 (40.0) 31 (41.9)
Chronic medical problems, n (%) .132 (1)
Yes 16 (22.9) 9 (13.0)
No 54 (77.1) 60 (87.0)
Complications Index pregnancy, n (%) .525 (2)
None 29 (53.7) 37 (61.7)
Maternal 9 (16.7) 6 (10.0)
Foetal/Neonatal 29 (53.7) 37 (61.7)

i i 0,

Pregnancy complications, n (%) 64 62 826 (6)
None 28 (43.8) 32 (51.6)
IUGR by scan 4 (6.3) 2(3.2)
Big baby by scan 6 (9.4) 6 (9.7)
Congenital Bnormality 0 (0.0) 0 (0.0)
Malpresentation 0 (0.0) 1(1.6)
PIH, Preeclampsia or Eclampsia (20.9) ---4 (6.5)
o Presumed foetal compromise 4 (6.3) 4 (6.5)
"QOther pregnancy complications 15 (23.4) 13 (21.0)

a Presumed foetal compromise: suspicious cardiotocograph, spontaneous rupture of membranes, premature rupture of membranes,

prolonged premature rupture of membramesconiumstainediquor and reducedraniotic fluid index. 'QOther pregnancy
complications: cholestasis, anaemia, gragum haemorrhage, postpartum haemorrhage, thrombocytopengcobalic fatty liver &

unstable blood sugars
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Table6.2: Diabetes management and HBA1c values

GDMs P valie (df)

Clinical management Active Placebo
Diabetes management (at 121 61 (50.4) 60 (49.6) .525 (3)
recruitment), n (%)
Diet only 72 35 (57.4) 37 (61.7%)
Diet & Oral medication 10 6 (9.8%) 4 (6.7%)
Diet & Insulin 32 18 (29.5%) 14 (23.3%)
Conbination therapy 7 2 (3.3%) 5 (8.3%)
Diabetes management (during 121 61 (50.4) 60 (49.6) .525 (3)
pregnancy), n (%)
Diet only 72 35 (57.4) 37 (61.7%)
Diet & Oral medication 10 6 (9.8%) 4 (6.7%)
Diet & Insulin 32 18 (29.5%) 14 (23.3%)
Combinationtherapy 7 2 (3.3%) 5 (8.3%)

DCCT (%) (df) (minimum | IFCC (mmol/l) (df) (minimum /
Active maximum) maximum)
HBAlc &t recruitment) (mmol/l) 61 6.0, df.91 42.05, df 9.94
mean (df) (4.4¢ 9.8) (25-84)
HBAlc #&t recruitment) (mmol/l) 23, df 5.9 (1@ 32)
mean,df (gestational weeks range)
HBA1c gre-delivery) (mmol/l) 44 5.9 df.95 41.0, df 10.54

(4.3¢ 10.1) (23.0¢ 88.0)
HBAIc gre-delivery) (mmol/l) mean, 33, df3.4 (21¢ 37)
df ¢ (gestational weeks, range)
Placebo DCCT (%gif) (minimum / IFCC (mmol/l) (df) (minimum /
maximum) maximum)

HBAlc &t recruitment) (mmol/l) 61 6.1, df1.14 43.2, df 12.5
mean (df) (4.6¢ 11.0) (27-97)
HBAlc &t recruitment) (mmol/l) 23, df 6.5 (& 32)
mean, df (gestational weeksrange)
HBALc fre-delivery) (mmol/l) mean, 43 5.8, df.57 40.4, df 6.21
(df) (4.6¢7.2) (27-55)
HBAIc gre-delivery) (mmol/l) mean, 32, df4.7 (21¢ 40)

df ¢ (gestational weeks, range)

HBA1Q; glycated haemoglobin (Alc) DG@iabetes Contl and Complications trig units measured in (%)

IFCG; International Federation of Clinical Chemistrynits measured in mmol/I
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6.6.3 Pregnancy outcome$ maternal and foetal / neonatal

6.6.3.1 Maternal outcomes

Pregnancy outcome data is providedtable 6.3. In the active and placebo groups, 64
(100%) / 62 (98%j)espectivelycompleted the study, with 1 stillbirth and 1 neonatal death

in the latter group.

Modes of delivery were vaginal 25 (39%) / 28 (44%), assisted 8 (13%) / 3 (5%) and
caesarearsection 31 (48%) / 32 (51%) in the active and placebo gropps 294,
respectively. Compared to women who received omega 3 & 6 supplements and those whe
received placebo, spontaneous onset of labour was 25 (39%) / 17 (27%), caesarean secti
before theonset of labour was 8 (13%) / 11 (18%), and induction of labour (IOL) 31 (48%)

/ 35 (57%) p < .328, respectively. The reasons given for IOL were varied as outlined in
table 5.2 Diabetes related complications (n = 12 (39%) / n = 19 (54%) and hypeetensi
disorders (n = 9 (29%) / n = 10 (29%) were the main reasons for IOL in the fish oils and

placebo group(< .616), respectively.

6.6.3.2Foetuses / Neonates Outcomes

The clinical outcome data of the foetuses and neonates are outliladdeié.4. Of the live

births, the incidence gbrematuritywas 6 (10%) among those who were in the placebo
group compared to those who received fish oils (n = 15; 23.4%)0(96). Of the babies

born prematurely in the active group, the distribution was 1 (1.6%gregty premature, 1
(1.6%) very premature and the remaining 20% moderately premature compared to 1(1.6%
extremely premature and the remaining 10% moderately premature in the placebggroup (

<0.285.
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No macrosomiawvas noted in either of the groups lboiv birth weight(n =11; 17%) was
twice more common among the active group than women in the placebo gre@l1@4

(table 6.4), although not significant.

When birth weight was examined using the
(df = 648.53 for women who received fish oils and 3046 grams (df = 546.48); t (137) =
-0.74 for women in the placebo group, respectively (0.15. Apgar atl-, 5 and 10
minutesmean were = 8.2 (df = 1.77) / 9.46 (df = 1.33) / 9.27 (df = 2.16) for women who
received fish oils and 9.14 (df = 1.53) / 8.29 (df = 2.16) / 9.49 (df = 2.05); t (13BR6 /

0.45 / 0.54 for women in the placebo groyp<(0.66 / 0.31 / 0.54 respectively.

Of the babies born to mothers who had fish oils, 8 (13%) were admittedcial syage unit
compared to 2 (3.3%) of babies born to mothers in the placebo greup.057 and the
reasons given were varied with hypoglycaemia and respiratory distress recorded as th

main reasong(< 0.586 and significant.

6.6.4 Diabetes managemat and pregnancy outcome

Of 71 women who were on O0di et onl yéd ma
outcome was prematurity 10, stillbirths 1, miscarriage 1 andbiotiv weight 8. Male of
delivery was vaginal 37nstrumental 6 and caesarean secti®nFdr those on medication,

the birth outcomes and modes of delivery for women on oral medication, insulin and
combination therapy were pterm birth 2, 5 & 2 respectively; lowirth weight 2, 4 and 1
respectively; vaginal 4, 9 & 1 respectively; instrutatelivery 2, 2 & 0, respectively and

caesarean section 4, 21 & 6 respecti(&bble 65).
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6.6.5 Postnatal glycaemic status

Postnatally, 4 (8%) were diagnosed with Type 2 diabetes with 3 (5.9%) having either
IGT/IFG among those who received fish oilsmpared to 6 (13%) and 1 (2.2%),

respectively, among women in the placebo grqup 0.485 (Table6.6).
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Table6.3: Rregnancy outcomes maternal

Study groups GDM

Pregnancy outcome P value {Standard
measuregMaternal) Active Placebo deviation (df)}

No. of Subjects (n) 64 63

Pregnancy complications, n (%) 826 (6)
None 28 (43.8) 32 (51.6)

IUGR by scan 4 (6.3) 2(3.2

Big baby by scan 6 (9.4) 6 (9.7)

Congenital abnormality 0 (0.0) 0 (0.0)

Malpresentation 0 (0.0) 1(1.6)

PIH, Preeclampsia or Eclampsia 7 (10.9) 4 (6.5)

o Presumed foetal compromise 4 (6.3) 4 (6.5)

"QOther pregnancy complications 15 (23.4) 13 (21.0)

Onset of labour, n (%) .328 (2)
Spontaneous 25 (39.1) 17 (27.0)

Induced 31 (48.4) 35 (55.6)

Eledive Caesarean 8 (12.5) 11 (17.5)

Induction of labour (IOL), n (%) .368 (1)
Yes 31 (50.0) 36 (58.1)

No 31 (50.0) 26 (41.9)

Indications for IOL, n (%) 31 35 .616 (5)
Postdates 1(3.2) 0(0.0)

Premature /

Prolonged Rupture of

membranes 2(6.5) 2 (5.7)

Diabetes related 12 (38.7) 19 (54.3)

Hypertension, PIH, Pseclampsia

or Eclampsia 9 (29.0) 10 (28.6)

Foetal Reasons 4 (12.9) 3(8.6)

Other Reasons 3(9.7) 1(2.9)

Mode of delivery, n (%) 64 63 .294 (2)
Spontaneous Vaginal (noat) 25 (39.1) 28 (44.4)

Assisted (ventouse / forceps) 8 (12.5) 3 (4.8)

Caesarean section (CS) 31 (48.4) 32 (50.8)

o Presumed foetal compromise: suspicious cardiotocograph, spontaneous rupture of membranes, premature rupture of membranes,
prolongel premature rupture of membranegconiumstainediquor and reduced amniotic fluid inde¥Q Other pregnancy

complications: cholestasis, anaemia, gragum haemorrhage, postpartum haemorrhage, thrombocytopenwcobalic fatty liver &
unstable blood sugars
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Table6.4: Rregnancy outcomesfoetal/neonatal

Study groups GDM

Pregnancy otcome measures P value {Standard
(foetal/neonatal) Active Placebo deviation (df)}
No. of Subjects (n) (%) 64 63

Birth Outcome(n) (%) .096 (4)
Full Term live 48 (75.0) 54 (85.7)

Preterm live 16 (25.0) 6 (9.5)

Stillbirth/IUD 0 (0.0) 1(1.6)

Neonatal Death 0 (0.0) 1(1.6)

Miscarried 0(0.0) 1(1.6)

Birth maturity (b) (weeks) 1f) (%) 64 62 .285 (4)
Extremely Preterm (<28) 1(1.6) 1 (1.6)

Very Preterm (2881) 1(1.6) 0 (0.0)

Moderate Preterm (326) 13 (20.3) 6 (9.7)

Term(37-40) 48 (75.0) 55 (88.7)

PostY| G dzZNA (& o6xnmMO 1(1.6) 0 (0.0)

Birth Weight,n (%) 64 62 124 (1)
[26 OANILK gSAIKG ( 11 (17.2) 5(8.1)

Normal birth weight (25084449grams) 53 (82.8) 57 (91.9)

al ONRP&2YAl oOoxnpann-7 0 (0.0) 0 (0.0)

Admission to Special Care Baby Unit

(SCBUjN) (%) 64 61 .057 (1)
Yes 8 (12.5) 2(3.3)

Mg 56 (87.5) 59 (96.7)

Reasons for admission to SCB) (%) 8 2 .586 (5)
Hypoglycaemia 2 (25.0) 2 (100.0)

Respiratory Distress Syndrome 2(25.0) 0 (0.0)

Prematurity 1(12.5) 0(0.0)

Poor feeding/

Jaundice 1 (12.5) 0 (0.0)

Suspected Infection 1 (12.5) 0 (0.0)

Abnormality 1(12.5) 0(0.0)
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Table6.5: Diabetes management and pregnancy outcomes

Diabetes management
Pregnancy outcomes Diet only Diet and Oral| Diet and Insulin| Combination P value
Medication therapy {Standard
deviation
(df)}
Birth outcome n (%) 71 10 32 7 .951 (12)
Full term birth 59 (83.1) 8 (80.0) 26 (81.3) 5(71.4)
Preterm birth 10 (14.1) 2 (20.0) 5 (15.6) 2 (28.6)
Siillbirth 1(1.4) 0 (0.0) 0 (0.0) 0 (0.0)
Neonatal death 0 (0.0) 0 (0.0) 1(3.1) 0 (0.0)
Miscarriage 1(1.4) 0 (0.0) 0 (0.0) 0 (0.0)
Birth Weight 70 10 32 7 .896 (3)
Low birth weight 8 (11.4) 2 (20.0) 4 (12.5) 1(14.3)
O0XHN ddINI Ya (
Normal birth weight (2500 62 (88.6) 8 (80.0) 28 (87.5) 6 (85.7)
- 4449grams)
Macrosomia 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
oxnpnan3aINF Ya(
Mode of delivery 71 10 32 7 .062 (6)
Vaginal 37(52.1) 4 (40.0) 9 (28.1) 1(14.3)
Instrumental 6 (8.5) 2 (20.0) 2(6.3) 0 (0.0)
Caesarean 28 (39.4) 4 (40.0) 21 (65.6) 6 (85.7)

Table6.6: Postnataldiabetes status: GDMdiéh oils supplementefd

No. of Subjects (n) (%)
P value {Standard
Glycaemic status (n) (%) GDM (Omega 3 & 6 GDM (Placebo deviation (df)}
51 46
485 (2)
Normal
44 (86.3) 39 (%.8)
IGT & IFG
3 (5.9) 1(2.2)
T2 DM
4(7.8) 6 (13.0)

IFG = Impaired fasting glucose; IFG = Impaired Fasting Glucose; T2 DM = type 2 diabetes mellitus
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6.7 Discussion

6.7.1 Demographic and clinical characteristics of subjects

In this study, theaverage gestational age at recruitment was 23 webkdh was nearing

the gestational age of 24 weeks when true gestational diabetes can begin to develop. Of tr
women diagnosed with GDM, Asians were the predominant ethnic group, followed by
Afro-Caribbeas then Whites and there was an equal distrinutiowomen of those ethnic
groupswho engaged with the study in the active and placebo groups. Asians were 3 times
and 7 times more likely than the Affoaribbeans and Whites, respectively, to develop
GDM. The inddence and distribution of GDM wasmilar to that detected in previous
studies where GDM was more common among Asians and@dribbeans compared to
Whites(Diabetes UK, 2016 & 20)8Most women who were between agesi240 spoke
English. Howeverage, ethnicity and language had no impact on whether or not women
chose to engage with the study. Also, the majority of women were eitheweigt or

obese and had an average gf éhildren.but t hese factors had r
decision on whier or not to participate in the stu@yd this wasegardless of their

general health and wdbleing as previously demonstrated in Chapter 4

6.7.2 Maternal Outcomes

6.7.2.10nset of labour and modef delivery

Spontaneous onset of labour was highmeoiag women in the active grouput the number
of women induced in the placebo and fish oils groups was similar. Diabetes related issues

were the main reasons for women being induced and this is common practice when caring
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for pregnant women with this comidn to promote optimal maternal and foetal pregnancy
outcomes (Gorig et al, 2015 & National Institute for Clinical Excellence, 2015). This may
be suggestive that regardless of whether or not women received fish oils, the decision fol
induction was madeupely for clinical reasons and taking fish oils was not an influential
factor in the decision making. From the women induced, the majority failed to deliver
vaginally, resulting in a high caesarean section rate and in some cases the need fc
instrumentabelivery. Again, these modes of delivery are not uncommon within this group
(Bernstein et al, 2016 & Billionnett et al, 2012). Similar number of women had a vaginal
delivery in both groupsand this accounted for only a third of the delivewssrall and

supports this evidence.

Approximately half the women in both groups had an emergency caesarean section and
similar distribution of elective caesarean section. A higher number of women started their
pregnancy with chronic problems and many developedptioations during the index

pregnancy. Combined those factors would have impacted on the high caesarean sectio
rate. A high incidence of caesarean section deliveries is common among diabetic

pregnancies which ar e ¢ onseaksebeendnothdr fagoh r |

Most study subjects were either overweight or obese. Lifestyle interventions are usually
recommended when managing GDM, but previous studies have demonstrated the lack o
effectiveness of this strategy. Omegi® UFAs have l@n shown to have beneficial effects

on glucose metabolism, lipid fractions, and inflammatory factors in women with GDM
(Garmendia et al, 2018)lowever, a systematic review and matelyses byBrown et al,

2019) has found no effect of increasing Ome&& -6 and total PUFAs on glucose
metabolism. A RCT which examined the effectiveness of hbased dietary counselling

with and without various strengths of DHA on pregnant mothers and thesr pff i n g 6
metabolic control has shown treffect(Garmendia eal, 2018).But, perceived benefits of
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the fish oils may not have been achieved because women with diabetes and are overweigt
or obese have a greater incapacity of synthesizing DHA. Obesity can adversely affect the
red blood cell membranes AA & DHA levaté GDMs (Min et al, 2004) and the effects of
pre-gestational BMI insulin insensitivity is well document@htalano et al, 2012, & 1999

& 1998). Subsequently, these factors combined may lexaeerbated the problemihey

may have impacted opregnhancyoutcome measures including the postnajigicaemic
status, where there was no difference in women who received omega 3 & 6 compared tc
those who received placebo. Obesity is also associated with spontaneous abortior
(Conway, 2011; Lashen et al, 2004) and dobhve contributed to the incidence of
miscarriaggn=88.2%)i overweight & obeseand preterm birth (n=81.1%overweight &
obese) f < 0.029 within the study groupwith the resulbeensignificant A metaanalysis

of 16 studies on obese women has regzban overall OR of 1.67 foniscarriages and can

justify this resultMetwally et al, 2008).

Also, singleton pregnant local women had an averagedottdldren and usually in quick
succession. This is a trend which is common amAs@ns, which repreented the
predominant ethnic group irné study. Previous evidence hstsown that women with

short durations between pregnancies may be starting with depleted stores of fatty acids
particularly as quick successions of pregnancies can contribute to lthwwarght and
preterm births (Rawlings et al, 1995). Combined, these factors may have affected the
placental supply of fatty acids available for transportation to the foetus impacting adversely
on the maternal and foetal outcomedthough not provenThis may suggest that
depending on ethnicity and duration between pregnancies, supplementation of essentic
fatty acids during pregnancy may be necessary to meet the ongoing demand from the
foetus and primarily the shortfall as some women would have starégphgmcy with
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depleted stores. Nevertheless, long chain polyunsaturated fatty acid concentrates are high
after a singleton pregnancy than multiple pregnancies (Ziejdner et al, 1997) and could have

been beneficial.

6.7.2.2 Prolonged pregnancy

In this stuly, fish oils had no impact on prolonging the pregnancies of women with GDM.
When compared to women who received fish oils, approximately 14% more women in the
placebo group delivered at term, but the result was not significant. Also, only one woman
supplenented with fish oils delivered beyond 41 weeks and twice the number of women
who received fish oildad preterm delivery. These findings were contrary to that of a
multicentre RCT pregnancy study which found prolonged pregnancy in fish consumers
(low - middle) after fish oils supplementation and dietary fish consumption in women with
previous pregnancy complication (Olsen et al, 2007)edentreview by Middleton et al
(2018) which demonstratatiat supplementation with fish oiteay reduce the incideac

of premature births andnay prolongpregnancy Our local population with a high
morbidity rate and being predominantly from the lower social class may not have been
able to afford a daily balanced diet and that may have contributed to the disparity in
findings, which could have adversely impacted on the pregnancy outcomes. Conversely
one may argue that the incidence of-praturity may have been reduced based on the

finding of Olsen et albés study.

Also, a similar number of women in each group was induaed had a spontaneous
delivery, suggesting that fish oils supplementation was not influential in any way in those
two areas of care. Additionally, another RCT conducted on primagravidas who were

supplemented in early pregnancy {119 weeks) until post digery (3 months) showed a
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likely correlation between DHA concentration and gestatidgragth, but this was found
from supplementation with cod liver and corn oils (Helland et al, 2001), which were

different from the supplements used in our study.

6.7.2.3 Hypertensive disorders

In this study, there was no association between PIHegempsia and eclampsia and fish
oils supplementation. These findings were similarfitalings from a metaanalysis
conducted by Chen et al (2015) and a European -ceitie study by Olsen et al (2000)
which evaluated the effects of fish oils supplementation during pregnancy and found no
association with supplementation and the risk reduction of Pihke could argue that
should early supplementation be introduced immediaér conception or early in the
first trimester the results could have been differe@DM (Ben Slama 1997 and
hypertensivg(Zhou et al, 201 disordersshare the same metabolic pathwaysch are
characterised by insulin resistanemad they often co@st. Insulin resistance can be
corrected with insulirtherapy (Shin et al, 1995T.herefore, early supplementation may
have improved the effects of hypertensive dis@dparticularly in women treated with

insulin therapy.

6.7.3 Foetal and NeonatalOutcomes

6.7.3.1 Foetal and reonatal loss

Although not significant,itere was slightly worsening birth outcome in the GDM placebo
compared to the fish oils group in term of miscarriage (n=1), stillbirth (h=1) and neonatal

death (n=) Based on these findis, one ray argue that supplementation with AA &
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DHA may havemade slightly positive contributisrio the wellbeing ofnfants of mothers
who received fish oilsSimilar results have been found in previous systematic review
conducted by Saccone et al (2D¥hich demonstrated no reduction in perinatal death. A
larger sample size would have given a better overviewhether supplementation could

reduce the incidenaa miscarriages, stillbirths and neonatal deaths.

6.7.3.2Low birth weight

There was nanacrosomia in any of the groygsut low birth weight infants were higher
(two-fold) among GDM women who received fish oils compared to women in the placebo
group, although the result was not significant. Previous reported evidence supported the
view thatthe use of fish oils has no positive impact on reduction of low birth weight
(Onuwude et al, 1995). But, could the lack of benefits be associated to the low dose
strength of supplements (1.62g of eicosapentaenoic acid (AA) and 1.8g of DHA) used?
However,since that study was @oubleblind placebo controlled randomised trial of fish

oils in pregnancies complicated with intrauterigrowth retardation and pregnancy
induced hypertension, those factors may have impacted on the lack of b&®RRMss a
metalmlic syndrome and when complicated by characterisgeertension the degree of
insulin resistanceould have worsened, adversely impacting on fish oils absor@idn
considering that half of the women recruited into this study started with medical and/o
obstetric complications, those findings may be considered applicable for this group of
women, but still need to be explored. Nevertheless, as a higher strength supplement wa
used for this study, the morbidity of the local population comes into questipresumed
benefits may have been noted. Low levels of AA & DHA were shown to be associated

with low-birth weight and gestational age (Leaf et al, 1992).
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6.7.3.3Prematurity

The prematurity rate, although high, was sporadic in both groups; those wive deftsh
oils and placebo. These findings are dissimilar from an RCT conductddgbmisk
pregnancies which showed supplementation reduced the recurrence risk of preterm birth
although not IUGR, preterm delivery and PIH (Olsen et al, 2000). Preterrasbate
believed to have little fat stores and are more susceptible to reduction in AA and DHA

(Min & Crawford 2004).

6.7.3.4 SCBU admission

Although most babies were born in good condition, fioldt those in the active group
needed admission to spdcare baby unit compared to those in the placebo group.
Therefore, supplementation of fish oils had no effect on the reduction of babies being
admitted to SCBU. It was difficult to correlate taking of fish oils with the wellbeing of
those infants, partidarly as the incidence of admission appeared to match the norm of
babies born taliabetic mothers are more likely to be admitted to SCBU for reason such as
hypoglycaemiarespiratory distress syndrome and hyperbilirubineRegardless, a RCT
conducted byJamilian et al, (2015has shown a reduction in hospitalisation and

hyperbilirubinemia.

6.7.4 Diabetes management

Management of diabetes for GDMs was mainly diet only and this was similar for those
who received fish oils supplements and placebo. Howewesn treatment was introduced,

it appeared to be aggressively managed with mainly insulin therapy, in both groups with a
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slight increase in number among those in the agreep,although that increase was not
significant. Oral medication (metformin) wése next drug of choice and its use was more
common among the active group compared to those in the placebo group which had abov

twice the incident of usage of combination therapy compared to those in the active group.

As GDM is diagnosed during pregnanthere is a short period of time for the condition to

be controlled and therefore having good diabetes control may require aggressive treatmer
and can justify the decision for intensive treatment with insulin therapy to reduce the
morbidity associated ih the condition (Gorig et al, 2018 & Billionnett et al, 2012). Also,
some women may have been among the millions of undiagnosed type 2 diabetics (Diabete
UK, 2018 & 2014) and presented early in pregnancy with characteristics / symptoms like
women with 2 DM which included high levels of blood sugars. It is well documented that
the pregnancy outcomes of women with T2 DM are poorer than women without the
condition and, as the pregnancy outcomes of women diagnosed with GDM can be similar
to those with overtliabetes, intensive treatment would have been necessary to reduce the

potential morbidity and mortality associated with the condition.

6.7.5 Diabetesmanagementand pregnancy outcomes

Intensive treatment coupled wilifestyle factors of healthy eatghand exercise can help to
normalise HBAlc values and optimise maternal and foetal-lvegtlg. HBAlc values
should be below 48 mmol/l (6.5%) to reduce the risk of miscarriages, birth defects,
stillbirths and neonatal deaths (NICE, 2015)cal diabeticwomen were extremely high

risk because of their complex health needs and therefore, according to local policy, the ainr
was to get HBA1& 41 mmol/l (5.9%) by 16 weeks of pregnancy because it is difficult to

interpret that test result after that gestation.drelgss, the average HBAL1c at booking was
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42 mmol/l (6.0%), reducing slightly preelivery to where it should have been at 16 weeks
(41 mmol/l / 5.9%). One miscarriage and one stillbirth were in the placebo group and
these women were managed on diet ofilis raises the question whether intensive
diabetes treatment could have prevented these adverse outcomes. It was difficult to mak
such a conclusion, since the only case of neonatal ,dehtbh was also in the placebo
group, was insulin treated. Howeyeaince these three adverse cases were among women
in the placebo group, one may argue that fish oils may have helped to optimise the

pregnancy outcome, despite the result not being significant.

Of the 15 women who hadlaw-birth-weightinfant, approximeely half were treated with

diet only with the remaining combined total treated with medicafi@ble 6.5). When
reference is mad® Table 6.4 (foetal / neonatal outcomes)5 women who had fish oils

had a praerm birthwith 13 moderately prenature. That result would indicate that fish

oils had no positive effect on prolonging the pregnancy and reducing the risk of premature

delivery.

Also, although not significant, there was a higher incidence of preterm births among
WO men wh o wer e mankhgéd compadekidett oo t ho
pharmacotherapy higher number of women treated with insulin therapy and on diet only
had a caesarean section delivery, but this was not significant. Therefore, the decision fol
delivery by caesarean section, likewee instrumental delivery, was not determined by
whet her or not medication was wused for t
This would suggest that individualised plans of care were develgpedthe mode of
delivery was a derivative of those ptaexcept in cases where there were failed vaginal
deliveries and inductions leading to either an instrumental or caesarean section delivery

Likewise, as similar number of subjects in the active and placebo groups had normal,

217



instrumental and caesarearctsan deliveries, individualised plarof care appeared to be

at thefore frontof any clinical decision making.
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6.8 Conclusion

Empirical data has shown enhanced maternal DHA status after fish oil supplementation in
women with GDMand somebenefits of maternal nutritiowith omega3 fatty acidon

foetal growth and developmeandmaternal health

Theresults from this study hawedicated that gestational supplementation with @ig$ in
women with GDM is not associated with impealv maternal and foetaiealth and
outcomes.Supplementation with fish oils had no impact on induction and caesarean
section rates, reasons for induction, prolonging pregnancy and reductiontanrpriirth,
macrosomia, IUGR, hypertensive disorders of peegy (preeclapmsia and eclampsia)
and postpartum glycaemic contrélurther studies are needed to explore other possible
benefits of gestational supplementation with fish oils in this high risk groupramkether

ahigherdoseregimen would be benefi.

Although oral supplenentation with omeg& fatty acidhad no impact on the pregnancy
outcomes of women with GDM, it would be useful to explore whetl&r oil
supplementation had any impact on firegnancy health and outcomesnondiabetic

women adwomen with T2 DM This will be explored in the next chap(@.
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Chapter 7:

The beneficial effects of omega 3 fatty
acids on maternal and foetal health and
birth outcomes of women diagnosed
with and without Type 2 diabetes

mellitus
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7.1 Chapter overview

In this chapter, |1 have explored the beneficial effects of or3efgdty acids on maternal

and foetahealthand birth outcomes of women diagnosed \aitial withoutT2 DM.

Empirical data has shown thategnancy outcomes of womemth T2 DM are worse
compared to nowdiabetic woma. Maternal nutritionhigh with fish oils is believedto
promote better pregnancy health and outcomes in nzdhetheir babies Foetal demand

for AA and DHA in pregnancy is higlRrevious evidence suggdbat T2 DM affect the
function of deltab5 and delte6 which are enzymes necessary for the synthestAadnd
DHA but this can be corrected by insulin theraRgcentsubstudy data has showthat
DHA rectified the impairment of red cell membrane lipidgpregnant T2 diabetic women
and their neonatedt was worth exploring whether that improved DHA status had any

impact onmaternal and foetalutcomes

7.2 Introduction

Diabetes is one of the most common medical disorders in pregnancy of which T2 DM i
the second most commadype after gestational diabetes mellitus (GDM) (WHO, 2018).
Newham had a population ogaring 340,000 (NCCR014&) of which 8.5% has diabetes
which is higher than the London average (6.51%) tredUK national average (6.8%)
(Diabetes UK, 2019). This prevalence impacts on the nurmb&omenwho presenin

pregnancywith the condition within the borough.

A pregnancy when complicated wdicdrihg fof theseD M

women poséuge challengefor clinicians. Consequently, NICE2015) has recommended
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a multidisciplinary approach when caring for this group of women from antenatal and
throughout to the postnatal period, to reduce the morbidity and mortality associated with

pregnancy and diabetes.

As explainedn the preceding chapter, diabetes whatever the type involves some degree of
insulin resistance. When type 2 diabetes is present, the degree of insulin resistance
increases considerablinsulin resistancean be modulated bypHA (Shin et al, 1995)
which is usually challenged in pregnancy, in particular women with Diké T1 DM, T2

DM impairs the activity and dek@ and detab; enzymes responsible for the synthesis of
AA and DHA (El Boustani et al, 1989 & Brenner, 200@)Jso, to promote optimal
pregnang outcomes for women with overt diabetes and their baboesl metabolic
control prior to and throughout pregnanisycritical Lifestyle factors of exercise and
healthyeating can achievgood diabetes contr@nd when these factors fail to achieve
good ontrol, an adjactive therapy with medicatiomould be the next optionNew
management strategies are continubfijngexplored to optimise the pregnancy outcomes

of women with T2 DM through continuous glucose monitoring to achieve euglycaemia
(Buhary etal, 2016) and supplementation with EFAs to normalise lipids levels (Montori, et
al 2000).A recent sukstudy has shown thatigplementation wittDHA is beneficialin
rectifying maternal and foetal cell membranBHA anomalyin women with Type 2
diabetesard may subsequently have a positive impact on pregnancy out¢btimest al,

2016) and offers hope that that modification may have an impact on the pregnancy

outcomes of women with T2 DM.
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7.3 Aims

The aims are to investigate the:

Effects of maternal supplementation with arachidonic and docosahexaenoic acids on
maternal health and foetal wellbeindgring pregnang and onpregnancy(maternal and
foetal) outcomes of women diagnoseith Type 2 diabets mellitus (T2 DM) and without

diabetes.

7.4 Subjectsand Methods

This was a placeboontrolled, randomised nutritional trial conducted at Newham
University Hospital.Eligible pregnant women diagnosed wilR DM and ages 17 to 45
were recruited r om t he hospital 6s S8pA®ICweeks getation 0 U S
and randomly allocated either omegdatty acids or placebo, taken from the time of
recruitment up until delivery.Allocation of omege3 fatty acids or placebo was of the
same duration forheir matching comparisons who were healthy controls (@owithout
diabetes)and within the same age grospWomen without diabetesere recruitedrom

the hospital 6s maternity bookfornhigtorctekimg r e

when pregnancy was confirmed and routine antenatal clinics.

Demographic, sociccultural, economic and clinical data were collected using a
questionnaire(appendix 3.7). Data was collected onpregnancy complications (eg.
hypertensive disorders and pregnancy lodislhetes management amhternal and foetal
outcomes(eg. premairity, postmaturity, macrosomia and low birth weight, neonatal
admission to special care baby unwjomen were also asked about their and their babies

health and wellbeing, supplement use which included how, when, quantity taken, side
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effects, storage s uppl ement s and womends deci sion

continue on the studylease refer to chapter 3 for further information.

7.5 Statistical analysis

Data on age, parity and BMI are presented as mean * standard deviation (df), mediar
(range) and n (%) as number of occurrences with percentages, where appropriate.
P e a r CoosstatsulationChi square test was used to test demographical and clinical
characteristics with the study groups which received placebo or active (fish oils)
supplementsThe Chi square test was also used to evaluate the similarities and differences
in maternal and foetal outcomes. The @vaey ANOVA test was used to test the equality

of variance between birth weight and Apgar scores at 1, 5 and 10 minutes among womer
with and without T2 DM and supplemented with or without fish oils. Stiaél
significance equated @< 0.05 The IBM SPSS Statistics version 25 was used to conduct

all analyses.
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7.6 Results

7.6.1 Baseline demographic and clinical characteristics
7.6.1.1Subjects recruited

Maternal characteristics of subjects are provide@iahles 7.1 & 7.2andFigure 7.1 The
women studiedT2 diabetics and nediabetics)had similarethnic profile Subjects were
predominantly between agesi240 (n = 162; 88.1%ith a mean age of 31 (33.30/ 34.92
and 28.33 / 29.25) for women with T2 DM and healthy controls), respectety.q00.

The majority were of Asian descent (90; 49.2%) followed by Aaribbeans (61; 33.3%)
then Whites (32; 17.5%p(< .066, with anaverage BMI of 28.56 kg/firanging between
26.53 kg/m i 30.80 kg/mi and a distribution of 36.6% (65) and 37.1% (37) being either
overweight and obese respectively and the remaining 23.6% (42) of normal veight (
.002. Most women (145; 78.8%) were Ergjl speakingd < .012 and had an average of

1- 2 children (121; 76.2%) with over a quarter (54; 29.6%) having had no previous child

(p <.009 (Tables 7.1 & 7.2

Of the subjects recruited (n = 184), randomised were women diagnosed with Type 2
diabetesmellitus (T2 DM) (n = 96) anchontdiabetics(n = 88) who were supplemented
with either fish oils (n = 47 / n = 40) or placebo (n = 49 / n = 48), respectively. Three
women who developed GDM (from the control group) continued on the study.-fimgy
women were withdrawn from the study, 8 moved out of the area while 1 was lost to
follow-up; 1 had a medical termination of pregnancy (MTOP) and 21 miscarried
accounting for 30 (active) / 34 (placebo) T2 DMs and 24 (active) / 31 (placebo) completing
the study. Wo babies were stillborn from women who had T2 DM and in the placebo

group Figure 7.1).
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Figure 7.1: Flow chart of subjects T2 diabetics and nondiabetics
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7.6.1.2Chronic medical and pregnancycomplications

Nearing forty percent (38.6%) of subjectarséd the study with a history of chronic
medical complications with the majority being women with T2 DM as demonstrated in
Table 7.1. Chronic medical problems noted in the active and placebo groups in women
with T2 DM and healthy controls were 27 (69.2°4) (25%) and 32 (76.2%) / 5 (12.8) (

< .000, respectively. Pregnancy complications (maternal #oetal/neonatal) also
developed during the index pregnancy in active and placebo groups with a higher
incidence among T2 DMs compared to healthy contrgls <( .029. Pregnancy
complications were intrauterine growth retardation (IUGR) on ultrasound scan (USS) 1
(3.1%) / 3 (8.8%), big babgn USS 2 (6.3%) / 3 (8.8%Mhypertensive disorders 5 (15.6%)

| 7 (20.6%)and presumed foetal compromise 3 (9.4%) / 1 (2.9f0}he fish oils and
placebo groups among T2 DMs, respectively. Among healthy controls in the placebo group
were IUGR on USS 2 (6.5%), mptesentation 1 (3.2%) and presumed foetal compromise

1 (3.2%) wlie the latter was 1 (498) and hypertensive disondel (4.2%) in the healthy
active group. Other pregnancy complicatiomdiich included cholestasis, anaemia,
antepartum haemorrhage etc (see footnot@airie 7.1) also developed among active T2
DMs and controls (n = 10, 31.3%) / 5 (20.8%) and the plagetops 12 (35.3%) / 11

(35.5%)(p<.826) (Table7.1).
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Table7.1: Demographic and clinical characteristics of subjects

Study groups Type 2 DM Non-diabetics (Healthy Controls)
P value
{Standard
deviation

Intervention Fish oils Placebo Fish oils Placebo (df)}

No. of Subjects (n) a7 49 40 48

Age, (years) n (%) mean 29.25;

Overall: Mean 31.59 mean 33.30minimum [ mean 3t.92; minimum | mean 28.33; minimum| minimum 17 -

20- maximum 44 25- maximum 45 17 - maximum 42 maximum 43 .000 (9)

X HM 1(2.1) 0 (0.0) 5 (12.5) 3(6.3)

21-30 11 (23.4) 12 (24.5) 20.(50.0) 27 (56.3)

31-40 33(70.2) 29 (59.2) 14 (35.0) 16 (33.3)

X nn 2(4.3 8 (16.3) 1(2.5) 2 (4.2

Ethnicity, n (%) .066 (6)

All Whites 6 (12.8) 7 (14.3) 11 (B.2) 8(16.7)

Afro-Caribbeans 17 (36.2) 10 (20.4) 15 (38.5) 19 (39.6)

Asians 24 (51.1) 32 (65.3) 13 (33.3) 21 (43.8)

Language, n (%) .012 (3)

English 38 (80.9) 31 (63.3) 33 (82.5) 43 (89.6)

Non-English 9(19.1) 18 (36.7) 7(17.5) 5(104)

Parity, n (%) mean 1.67, mean 1.02;

Overall: Mean 1.45 minimum 0 - | mean 1.68, minimum| mean .98; minimum O] minimum o -

maximum 6 0- maximum 7 - maximum 8 maximum 5 .006 (9)

No previous child 11 (23.9) 8 (16.3) 16 (40.0) 19 (39.6)

1 child 11 (8.9) 12 (24.5) 17 (42.5) 15 (31.3)

2-4 children 22 (47.8) 25 (51.0) 6 (15.0) 13 (27.1)

X p OKAEtRNBY | 2(43) 4(8.2) 1(2.5) 1(2.1)

Body mass index (BMI) mean 26.73;

(kg/m2), n (%) mean 30.80; minimum| mean 29.92; minimum| mean 26.53; minimum| minimum 18 -

Overall: Mean 28.56 20- maximum 44 15- maximum 43 18- maximum 46 maximum 37 .002 (9)

Underweight (<18.5) 0 (0.0) 1(2.1) 2(5.1) 2(4.3

Normal weight (18.824.9) 7 (15.9) 6 (12.5) 17 (43.6) 12 (25.5)

Over weight (25.€29.9) 13 (29.5) 19 (39.6) 10 (25.6) 23 (48.9)

hoS&4S 6xo0no 24 (54.5) 22 (45.8) 10 (25.6) 10 (21.3)

Chronic medical problems, n

(%) 39 42 30 39 .000 (3)

Yes 27 (69.2) 32 (76.2) 7 (25.0) 5 (12.8)

No 12 (30.8) 10 (23.8) 21 (75.0) 34 (87.2)

Pregnancy complications, n

0,

(%) 82 34 24 31 826 (6)

None 10 (31.3) 8(23.5) 17 (70.8) 16 (51.6)

IUGR by scan 1(3.1) 3(8.8) 0 (0.0) 2 (6.5)

Big baby by scan 2 (6.3) 3(8.8) 0 (0.0) 0 (0.0)

Malpresentation 0 (0.0) 0 (0.0) 0 (0.0) 1(3.2)

Stillbirth 1(3.1) 0(0.0) 0 (0.0) 0 (0.0)

PIH, Preeclampsia or| 5 (15.6) 7 (20.6) 1(4.2) 0 (0.0)

Eclampsia

o Presumed foetal| 3 (9.4) 1(2.9) 1(4.2) 1(3.2)

compromise

"QOther pregnancy| 10 (31.3) 12 (35.3) 5 (20.8) 11 (35.5)

complications

o Presumed foetal compromise: suspicious cardiotocograph, spontaneous rupture of membranes, premature rupture of membrane
prolonged premature rupture of membranegconiumstained liquor and reduced amniotic fluid indeXQOther pregnancy
complications: cholestasis, anaemia, gragum haemorrhage, postpartum haemorrhage, thrombocytopenialcobolic fatty liver &

unstable blood sugars

228



7.6.1.3Diabetes management and control at iruitment and pre-delivery

Of the women who had T2 DM and supplemented with fish oils and placebo, diabetes
managemenat recruitmentwas 5 (14.3%) / 3 (7.7%) diet only, 17 (48.6%) / 16 (41.0%)
oral medication, 1 (2.9%) / 3 (7.7%) insulin treated whi2e(34.3%) / 17 (43.6%) had
combination therapy (oral medicationnda insulin) respectively(p < .535. The
management regimen pdeliverywasoral 3 (8.3%) / 1 (2.6%) diet only, 14 (38.9%) / 9
(23.1%) oral medication, 7 (19.4%) / 11 (28.2%) insulin treatbde 12 (33.3%) / 18
(46.2%) had combination therapy (oral medication and insulin) respectively 36.6% /
23.9%, 19.5% / 26.1% insulin and 34.1% / 47.8% combination therapy, in the active and

placebo groups, respectively € .255 (Table7.3).

Among theactive group at recruitment, mean HBA1c performed at approximately 9 weeks
was 7.3%Diabetes Control and Complications THBICCT) / 56.86 mmol/International
Federation of Clinical ChemistiyCC) compared to 6.1% (DCCT) / 44.0 mmol/l (IFCC)

at a meargestational age of 30 weeks prior to delivery. For those who received placebo,
mean gestational age at recruitment was 10 weeks and 33 weeks at delivery with HBA1
of 7.4% (DCCT) / 58.5 mmol/l (IFCC) and 6.5% (DCCT) / 47.4 mmol/l (IFCC,

respectively Table7.3).
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Table7.2: Diabetes management and glycaemic control of women with T2 DM

T2 DM P value (df)
Diabetes management Fish oils Placebo
At recruitment n (%) 74 35 (47.3) 39 (52.7) .535 (3)
Diet only 8 5(14.3) 3 (7.7%)
Diet & Oral mdication 33 17 (48.6%) 16 (41.0%)
Diet & Insulin 4 1 (2.9%) 3 (7.7%)
Combination therapy 29 12 (34.3%) 17 (43.6%)
Pre-delivery, n (%) 75 36 (48%) 39 (52%) .255 (3)
Diet only 4 3(8.3) 1 (2.6%)
Diet & Oral medication 23 14 (38.9%) 9 (23.1%)
Diet & Insulin 18 7 (19.4%) 11 (28.2%)
Combination therapy 30 12 (33.3%) 18 (46.2%)
DCCT (%) (df) (minimur] IFCC  (mmol/l)  (df)
Active / maximum) (minimum / maximum)
HBAlc &t recruitment), n, | 29 7.3 df.1.4 56.86, d 15.8
(mmol/l) mean (df) (5.310.9) (34-96)
HBAlc &t recruitment) 9, df 2.6 (515)
(mmol/l) mean, df (gestational
weeks- range)
HBAlc  fre-delivery) n, | 19 6.1, df1.1 44.0, df 11.8
(mmol/l) (4.9¢10.1) (30.0¢ 87.0)
HBA1c gre-delivery) (mmol/l) 30, df5.2 (20¢ 38)
mean, dfq (gestational weeks,
range)
Placebo DCCT (%) (df) (minimun IFCC  (mmol/l)  (df)
/ maximum) (minimum / maximum)
HBAlc &t recruitment) n, | 33 7.4, df1.59 58.5, df 17.6
(mmol/l) mean (df) (5.5¢ 11.0) (37-97)
HBAlc &t recruitment) 9.7, df 3.4 (416)
(mmol/l) mean, df (gestational
weeks- range)
HBAlc  fgre-delivery) n, | 25 6.5, df.81 47.4, df 9.03
(mmol/l), mean, (df) (5.2-8.6) (33-72)

HBA1c fre-delivery) (mmol/l)

mean, dfq (gestational weeks,
range)

33, df3.06 (28 37)

HBA1Q; glycated haemoglobin (Alc)

IFCG; International Federation of Clinical Chemistrynits measured in mmol/I

DC@iabetes Control and Complications tqainits measured in (%)
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7.6.2 Pregnancy outcomes

7.6.2.1 Maternal outcomes

Pregnancy otcome data is provided table 7.3. Compared to women with T2 DM and
nondiabeticswho were supplemented withish oils and those who received placebo,
spontaneous onset of labour was 13 (41.9%) vs 20 (83.3%) and 15 (42.9%) vs 23 (74.2%)
rate of indudbn 10 (32.3%) vs 2 (8.3%) and 8 (22.9%) vs 4 (12.9%) and caesarean section

before the onset of labour 8 (25.8%) vs 2 (8.3%) and 12 (34.3%) vs 4 (12.9%), respectively

(p <.007.

Sixty-four women (52.9%) had a vaginal delivery, 4 (3.3%) were assistecdetiandan

overall caesaan section rate of 53 (43.8%) which 37 (69.8%) had T2 DM (n = 16,
43.2% active / n = 21, 56.8% placebo) and 16 (30.2%) were healthy controls (n = 6, 37.5%
active / n = 10, 62.5% placebq) &€ .060). Approximately 50% caesa® section was
classified as emergencies. Of all women induced, 36% had an emergency caesarean secti
while the remaining 64% had a vaginal delivery. Diabetes was the main reason for

induction p <.095 (Table7.3).
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Table7.3: Pregnancy outconmse maternal

Study groups Type 2 diabetes Non-diabetics (Healthy antrols)
P  value
{Standard
deviation

Maternal outcomes | Fish oils Placebo Fish oils Placebo (df)}

No. of Subjects (n) | 36 42 29 41

Onset of labour, n

(%) 31 35 24 31 .007 (6)

Sponaneous 13 (41.9) 15 (42.9) 20 (83.3) 23 (74.2)

Induced 10 (32.3) 8 (22.9) 2 (8.3) 4(12.9)

Elective Caesarean | 8 (25.8) 12(34.3) 2 (8.3) 4 (12.9)

Induction of labour

(I0L), n (%) 32 34 24 30 129 (3)

Yes 10 (31.3) 8 (23.5) 2(8.3) 4 (13.3)

No 22 (68.7) 26 (76.5) 22.(91.7) 26 (86.7)

Indications for IOL,

n (%) 10 8 2 4 .095 (12)

Postdates 0 (0.0) 0(0.0 1 (50.0) 1(25.0)

Premature /

Prolonged Rupture

of membranes 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

DELBESIEEE ) 4 (50.0) 0 (00) 0 (0.0)

Hypertension, PIH

Pre-eclampsia or|

Eclampsia 2 (20.0) 1(12.5) 1 (50.0) 0 (0.0)

e iz 1 (20.0) 2 (25.0) 0(0.0) 3 (75.0)

‘QOther Reasons | 5 (50 ) 1(12.5) 0 (0.0) 0 (0.0)

Mode of delivery, n

(%) 31 35 24 31 .060 (6)

Vaginal (normal) | 14 (45.2) 13 (37.1) 17 (70.8) 20 (64.5)

Assisted (ventouse |

forceps) 1(13.2) 1(2.9) 1(4.2) 1(3.2)

Caesarean  sectiol

(CS) 16 (600) 21 (61.9) 6 (25.0) 10 (32.3)

"QOther pregnancy complications: cholestasis, anaemiapantiem haemorrhage, postpartum haemorrhage, thrombocytopenia, non
alcoholic fatty liver & unstable blood sugars
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7.6.2.2 Foetuses / Neonatesutcomes

The clnical outcome data of the babies are outlinedalle 7.4. Among fish oils and
placebo supplemented T2 diabetics and-diaetics, preterm birth was 4 & 13 and 1 & 4,
respectivelyMiscarriages were 8 and 6 in the active and placebo groups among T2 DMs
and 3 in each of the supplementazhtdiabetics Stillborn (n = 2) was among subjectdiwi

T2 DM and received fish oil§p < .011). Two (2) babies were very preterm and 2 were
moderately preterm in the active T2 DM group compared to 1 very preterm and 12
moderately preterm who received placebo within that same group. In the control group, 1
baby vs 3 babies were moderately preterm in the active and placebo groups, resppctively (

<.005.

Compared to women with T2 DM and healthy controls who were supplecherth fish

oils and those who received placebo, low birth weight was 5 vs 3 and 5 vs 6, respectively
(p < .932 and admission to special care baby unit 4 vs 0 and 8 vs 1, respeqgbively (
.017). The reasons for admission to SCBU were varied and caadpeis table5.4 (p <

679.

7.6.2.2.1 Birth weight & Apgar scores

An analysis of variance has shown that the effect of fish oils on birth weight was not
significant, F (3, 143) = 1.1 < 0.258 Apgar scores at ininute, Sminutes and 10
minutes, the fect of fish oils were F (3, 143) = 0.3 < .262 F (3, 69.4) = 0.53&) <

0.015 F (3, 71.4) = 1.001n < 0.001, respectively.
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Table 74: Pregnancy outcomesfoetal/neonatal

Non-diabetics (Healthy,

Study groups Type 2 diabetes controls)
P value
{Standard

Foetal / Neonatal LeviEEn
Outcomes Fish oils Placebo Fish oils Placebo (df)}
No. of Subjects (n) (%)
la. Birth  maturity
(weeks)(n) 40 41 28 33 .012 (6)
Cdzt £ USNY 9| 26 (65.0) 22 (53.7) 23 (82.1) 26 (78.8)
Preterm (<37) 4(10.0) 13 (31.7) 1(3.6) 4 (12.1)
*Other 10 (25.0) 6 (14.6) 4 (14.3) 3(9.1)
1b. Birth  maturity
(weeks)(n) (%) 31 35 24 31 .005 (9)
Extremely Preterm (<28| g (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Very Preterm (281) | 3 (5.5) 1(2.9) 0(0.0) 0 (0.0)
Moderate Preterm (32
36) 2(6.5) 12(34.3) 1(4.2) 3(9.7)
Term (3740) 27 (87.1) 22 (62.9) 21 (87.5) 25 (80.6)
PostY't U dzNRA U € | 0 (0.0 0 (0.0) 2(8.3) 3(9.7)
2. Birth Outcome (n)
(%) 40 41 28 34 011 (12)
Full Term live 26 (65.0) 22 (53.7) 23 (82.1) 28 (82.4)
Preterm live 4 (10.0) 13 (31.7) 1(3.6) 3(8.8)
Stillbirth/IUD 2 (5.0) 0 (0.0) 0 (0.0) 0 (00)
Neonatal Death 0 (0.0) 0 (0.0) 0 (0.0) 0(0.0)
Miscarried 8 (20.0) 6 (14.6) 3(10.7) 3(8.8)
Medical termination of
pregnancy (MTOP) 0 (0.0) 0 (0.0) 1(3.6) 0 (0.0)
Birth Weight,n (%) 31 34 24

32 .932 (3)
Low bith  weight| 5 (16.1) 5 (14.7) 3(12.5) 6 (18.8)
OKH N ppI NI Ya
Normal birth weight| 26 (83.9) 25 (85.3) 21 (87.5) 26 (81.3)
(2500-4449grams)
3. Admission to Specia
Care Baby Unit (SCBU
(n) (%) 31 35 23 32 .017 (3)
Yes 4 (12.9) 8 (22.9) 0 (3.6) 1(3.1)
No 27 (87.1) 27 (77.1) 23(100.0) | 31(96.9)
4. Reasons for
admission to SCBUn)
(%) 4 8 1 13 .678 (8)
Hypoglycaemia 1(25.0) 1(12.5) 0 (0.0) 1 (100.0)
Respiratory Distres:s
Syndrome 0 (0.0) 1(12.5) 0 (0.0) 0 (0.0)
Prematurity 3 (75.0) 4 (50.0) 1(100.0) 0 (0.0)
Poor feeding/
Jaundice 0 (0.0) 1(12.5) 0 (0.0) 0 (0.0)
Suspected Infection 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Abnormality 0 (0.0) 1(12.5) 0 (0.0) 0 (0.0)

* Other = stillbirths, miscarriages, termination of pregnancies and neonatal deaths




7.6.3 Glycaemic control and pregnancy outcomes

Pregnancy outcome for women based on diabetes management are preSesitésl 7rb.

Among women who dvered preterm, treatment wasoBal medication, 5 insulin and 9

combination therapy; stillbirths 2 & neatal deaths 2 insulin therapy; miscarriages 1, 4 &

6 diet only, oral medication antbmbinationtherapy, respectivelyp(< .274); low birth

weight 2, 3 & 5 oral medication, insulin and combination therapy, respectwvelyg45.

Caesarean section delilfes were 1, 8, 11 & 15 oral medication, insulin & combination

therapy, respectively. Assisted deliveries 1 oral medication and 1 combination therapy (

546).

Table7.5 Diabetes managemenand pregnancy outcomes

Diabetes Management
Pregnancy outcomes Diet only Diet and Oral| Diet and Insulin| Combination P value
Medication therapy {Standard
deviation
(df)}
Gestational ages at birth, r| 4 23 18 30 .274 (9)
(%)
Full term birth 3 (75.0) 16 (69.6) 9 (50.0) 15 (50.0)
Preterm birth 0 (0.0) 3 (13.0) 5 (27.8) 9 (30.0)
Stillbirth 0 (0.0) 0 (0.0) 2 (11.1) 0 (0.0)
Neonatal death 0 (0.0) 0 (0.0) 2(11.1) 0 (0.0)
Miscarriage 1 (25.0) 4 (17.4) 0 (0.0) 6 (20.0)
Birth Weight 3 19 15 23 .645 (3)
Low birth weight| 0 (0.0) 2 (10.5) 3(20.0) 5 (217)
OXHNAdOPINI Yao
Normal birth weight (2500 | 3 (100.0) 17 (89.5) 12 (80.0) 18 (78.3)
4449grams)
al ONP&2YAl 0]0(0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Mode of delivery 3 19 15 24 .546 (6)
Vaginal 2 (66.7) 10 (52.6) 4 (26.7) 8 (33.3)
Instrumental 0 (0.0) 1(5.3) 0 (0.0) 1(4.2)
Caesarean 1(33.3) 8 (42.1) 11 (73.3) 15 (62.5)
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7.7 Discussion

7.7.1 Demographic and clinical characteristics of subjects

Approximately 70% nondiabetic first time mothers versus 40% of T2 diabetics
participated in this phase tie study. The excitement and enthusiasm which comes with
being pregnant for the first timend the need to do what was best for babgy have
accounted for that difference in the level of engagement betwedwahgroups.There

was an increasing trendmong women with T2 DM, whereby, levels of engagement
increased with increased parity. Assuming that some, if not all of those women had
previouslyendured the experience of being pregnant with diabetes, there was possibly a
need to reduce likely compligahs associated with a diabetic pregnaritlye knowledge
gained from that experience and/or previous possible bad experiences and/or advers
outcomes el ated to diabetes in pregnancy may
participate in the studyeading to the increasing levels of engagement with panitgng

that group

Also, women were predominantly of Asian descent, followed by -@aoibbeans then
Whites with the majority being able to speak English across the groupsEmtish
speakers werenainly Asians. The diversity noted within this study was reflective of the
borough of Newham which has a high prevalence of T2 Dhe DECODA study has
shownthat the prevalence afiabetess highest among Asianstermediate in Japanese

and Chinese andwer in Europeans (Nyamdorj et al, 2010).

For over two decade# was reported that Asians develop DM with lower BMbon, et
al, 2009 at approximately 2&g/m’ (Ko et al,1998). Since therthis was confirmed in a
metaanalysis conducted kfpeurenkerg et al, 1998andin a RCT by He et al (2001) and

adiposity was a huge factor. This observation has led to the International Association for
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the Study of Obesity (IASO) and the International Obesity task force (IOTEd&fine
overweight and obesitysa BMI 02 8&8n &k g Om% redpartively in Asians
(WHO/IASO/IOTF, 2002).In this studywhich was predominantly of Asianthe mean

BMI was 29kg/m?. This raises huge questions about the health of the pregnant population
within Newham and sets a potaitmammoth but vital task for stakeholdeparticularly

as the majority of women were either obese or overweight and this was significant

Being obese or overweightas a socikeconomic link and is a determinant of health and
well being Psaltopoulou etal, 2017). They are alsassociatedwith hyperlipidaemia
(Broom, 2006) andmany adverse conditions like hypertension (Greenstein & Wood,
2011).Therefore, it was not surprising thatrepared tanon-diabetics approximately five

fold women with T2 DM stare their pregnancy with chronic medical problems and this
was highly significantPrevious studies have shown the correlation between T2 DM and
chronic medical complications.hE longer the duration of living with the T2 DM, the
higher the likelihood of desloping micre and macrevascular complicationsMeeking,
2011).Therefore, the duration of disease could have contributed to some women with T2
DM having started their pregnancy wisleveralco-morbidities and this impacted on the
high incidence of delivées by planned caesarean section among women with T2 DM

(77%).

The epidemiological trend of Asians being the more dominant ethnic group with overt
diabetes is well documente@ontributory factors are urbanisation and semtonomic
growth (Ramachadran at, 2012), the tendency of Asians to be more averse to exercise
and living a more sedentary lifesty{dlayamdorj et al, 20d). Also, compared to other
ethnic groups, it is postulated that Asians have a strong genetic predisposition for diabete:
with lower threshold for environmental risk factors resulting in them developing the

condition at a younger age with lower thresholds (Ramachadran et al, 2012). The impact of
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physical inactivity and fatty foods intake can lead to obesity which is a precursor for
dewelopment of T2 DM(Boffetta et al, 2011)and its high prevalence among Asians.
Subsequently, the incidence of the disease state among Asians and its impact on pregnan
and maternal and foet al outcomes cannbe
pregnancyod with providing the mother and
and Oexercise in pregnancy®6 as damagi ng
These cultural notions go against the lifestyle advice given to pregnhanemwaevith
diabetes on healthy eating and exercise to achieve euglycemia and reduce the potenti

risks associated with the condition on maternal and foetal outcomes (NICE, 2015).

7.7.2 Pregnancy outcomes

7.7.2.1Maternal outcomes

7.7.2.1.1 Onseof labour

Compared to women with T2 DM, most ndrabetic women went into spontaneous
labour. This was significant. A higher percentage of those women had fish oils compared
to those who received placebo whereas the distribution was similar in both groups for
women with T2 DM. In nondiabetic women, a -Bold increased number of women
spontaneously went into labour compared to women with T2 DM who also received fish
oils. Local and national (NICE, 2015juidelines on the management of women with T2
DM would have wamanted thatwomen were delivered at approximated8 weeks
gestation to promote a positive outcome for mother and. Gdidy would have reduced the
numberof women within this group going into spontaneous labour. Conversely, as the

nondiabetics were in lger health, having started their pregnancies with less chronic
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medical conditions than women with T2 Da&hd this was significanthere was a higher

likelihood ofnon-diabeticsh e i Ief dpamtaneoug go into labour.

The adverse outcomes associatgth T2 DM have driven clinicians to employ various
clinical management strategies to optimise the wellbeing of mother and baby. Measures
taken include increased foetal surveillance and induction of labour at various gestational
ages (Berger & Melamed, 20). In the UK, the rate of IOL varies between maternity units
(NMPA Project Team, 2018) but approximately ghied of all pregnancies were induced

in 2018 (NHS Digital, 2018) for medical reasons, puosturity, pregnancy pathologies

and multiple pregnames (Royal College of Midwives, 2019 this study,the overall
induction rate was onfifth (20%) with thrice the number of women with T2 Dlking
inducedcompared to nowliabetics. The majoritgf T2 diabetics inducedadfish oils and

was above 2old higher thann the placebo groygut this was not significanfgain, that
disparity would have been policy and health related as described earlier on the potentia

reasons for increased spontaneous onset of labour among ttd&betic group.

Althoughnot significant, diabetes related issues were the main reasons for women being
induced To promote optimal maternal and foetal outcomes, women with T2 DM were
inducedand delivered between 388 weeksn keeping with local and national guidelines
(NICE, 2008 & 2015). This issuggestive that regardless of whether or not wowi¢gh T2

DM were supplemented with omega 3 & omegah@ decision for induction was made
purelyfor clinical reasonsAs no woman within this grou@@2 diabeticsdelivered beyond

40 gestational weeks, it is difficult to conclude whether omega 3 & omega 6 had any effect
on prolonged geational age, particularly adiabetes management in the active and
placebo groups was insignificant at recruitment anebpiizery. This wassubstantiad by

the fact that diabetes related issues were the main reason given for widmé&i2 DM

being induced, whether or not they received supplementation with omega 3 & omega 6.
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Foetal reason was the next highest indicator for IOL and was more common aotiong b
placebo groups. This suggested that foetal wellbeing as opposed to diabetid@hatic

status appeared to be the key decision making indicator.

Despite the pregnancies of women with T
whose pregnancies wermeventful and dietontrolled, were at the lower end of the
spectrum of the oO6high riskoé trajectory a
labour naturally before planning for ICafter 38 weeks gestation. Armielay could have
contributed tothe overall total number of women having delivered at term within this
group.The increased risk of stillbirth&\(eissgerber & Mudd, 2015), macrosomia (Jardim

et al, 1997Visser & de Valk, 20L5lUGR (Sibai et al, 2005) are among some of the
morbidities ad mortality associated with pregnancies complicated with diabetic
pregnanci es. The cliniciansd desire to g

have constituted to those foetal reasons; all of which were evaluated within this study.

Among nondiabetics five (2 fish oils & 3 placeb9 women delivered beyond 40 weeks
gestation. This is reflective of normal practice where women withriskvpregnancies are
usually given every opportunity to go into labour naturally and where this did not occur,
IOL was offered for posmaturity. Yet, the optimal timing of offering IOL in this group
remains unclear and this is compounded by the findings of a Cochrane database o
systematic review which demonstrated that there was no clear difference in neonatal
outcomes of women induced prior to and after 41 weeks gestation (Middleton et al, 2018).
This evidence can set precedence for future care planning for women with uneventlful

pregnancies.

Among nonrdiabetics,there was a slight increasd number of women whalelivered

beyond 40 weeks gestation in the placebo group than iirstheil group. Consequently,
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may be concluded thé&sh oils had no effect on prolonging the pregnancy, but this needs
further investigation as the sample size was sr@alnpared taoon-diabetics women with

T2 diabetesreceived more intensive management, including pharmacotherapy, and
subsequently, werenore thanthree times more likely to be inducgedlthough not
significant. The higher rate of IOL among women with T2 DM, the higther likelihood

of an emergency C/S due to failed I0OL.

7.7.2.1.2 Mode of delivery

Mode of delivery distribution wagaginal deliverie{53%), caesarean section (44%) and
assisted delivery (3%). The incidence of normal vaginal deli@ergng women whavere
non-diabetics and had uneventful pregnaneiese 58%compared to 42% among the T2
diabetics, and this was nearing significanéenong T2 diabetics, the distribution was
similar in active & placebo groups, and therefore led to the conclusion that spugane
vagi nal delivery occurred regardless of

received active supplements.

Forty-four per cent (44%) of women were delivered by CS with seventy per cent (70%)
having had T2 DMWithin that group and noediabeics, the rate of caesarean section was
lower among women who received fish alsd this wasiearing significanceThis would
suggest that fish oil supplementation may haae a positive impact omaternal and
foetal health andmay havecontributed toreducing of the caesarean section rate within

these groups but further research is needed in this area.

Elective C/S deliveres were also reduced among women who received fish aildoth
groups,indicating some beneficial effeand this was significanThe difference was-2
fold among nordiabetics and 1:fold among T2 diabetics. Elective C/S was

approximately 3 times more common among women withepisting T2 DM compared
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to women without diabete3he aetiology of the disease coupled with local antdonal
guidance on the management of T2 DM in pregnancy, could be possible reasons for this

difference.

The complications of a diabetic pregnancy are nfatttorial impacting on a higher rate of
caesarean section deliveries among women with T2 DM c@upga nordiabetic women.

That rate could be further compounded withneorbidities associated with pexisting
diabetes was the case in this study, particularly as a significantly high number of women
with T2 DM presented at booking with chronic medipabblems and this was highly
significant. Some women also developed pregnancy complications with a higher incidence
among the placebo groups, but mai mnlvigw a mo
of this, one may conclude that most complicationsrfio and developed within pregnancy
were associated with the aetiology of the disease (T2 DM) and could have impacted on the

high CS rate among women with T2 DM.

Also, increased maternal age has elevated risks for pregnancy complications and advers
maternal outcomes (Luke & Brown, 2007), and could have also been a contributory factor
as mostwomen with T2 DM (75%) were aged 31 and above. Women without diabetes
were mainly below this age group (63%), and significantly, were approximately 5 times
less likely to present at booking with chronic medical problems and 1.5 times less likely to
develop maternal and foetal complications, although not significant. As most women
without diabetes had a normal delivery and were in the placebo group, active
supplementidon had no effect on mode of delivery within this group. Conversely, an
increased number of women with T2 DM and in the placebo group had a CS delivery and
although the level was nearing significance, it is difficult to say whether or not EFAs had

any impact on mode of deliveryn general
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7.7.2.1.3 Prolonged pregnancy

Previous evidence has revealed thanpared to women with T2 diabetes who received
placebo, women with that disease state who recefigd oils delivered at a later
gestational age. Whin both study groups (nedliabetic and prgestational diabetic),-3

fold and 6fold less women who received active supplements delivered at moderately pre
mature, respectivelyThat result would suggespossible benefit of fish oils in reducing

preterm elivery, particularly as the rate was significant

Overall, more women who received the active supplements delivered at term, indicating
that fish oils were beneficial in prolonging the pregnancy in both groAp&CT
conducted on primagravidas who wergglemented in early pregnancy {19 weeks)

until post delivery (3 months) showed a likely correlation between DHA concentration and
gestational length from supplementation with cod liver and corn oils, without any proven
benefits or harm (Helland et &001). Findings from a multicentre RCT pregnancy study
were similar. Prolonged pregnancy in fish consumers (lomiddle) after fish oils
supplementation and dietary fish consumption was found (Olsen et al, Zb@frofile

of those subjects bearssimilar resembl anc e population Nvaighh ia mo s
predominantly from the lower social class and may not afford a daily balanced diet.
Women of Bangladeshi origin tend to consume more fish than other ethnic groups and
could have started pregnancy with higherels of membranes fatty acids composition
which could have impacted on maternal and foetal outcoBwgsbaselinedata taken by

Min et al, (20®) did not see any difference in fatty acids level between Caucasians &
other ethnic group&his could be becae they eat fish which are less oily and low in fatty

acid, or because Bangladeshi womenfaid 3 generation are highly likely to be born

243



in the UKandmayhave modified their diet to the Western diet and do not consume a diet

rich in fish as their fgeneration parents

7.7.2.1.4Demographic and knical characteristics

Most recruits (79%) were either overweight (37%) or obese (42%) and this was highly
significant. Fortyfour per cent had prexisting diabetes with 41% and 59% being
overweight ad obese, respectfully. Similar trends were noted in published data from
Public Health England (2014) which has shown 8@#6 of individuals with T2 DM we2

either overweight or obese. Also, 40% were from the most deprived areas (like Newham)
where peopldrom the ethnic minority groups live and tend to develop DM with lower
BMIs compared to White Europeans. Comparatively, there twvassamedistribution
among the nomliabetic women except for an increased number of women who received

placebo and were oveeight, and that increase was above-foid.

As most study subjects were eitheverweight or obesand have T2 DM perceived
benefits ofactive supplementsiay not have been achieved because women with diabetes
have a greater incapacity of synthesizDBA (Ghebremeskel et al, 1998 & 2004.
previous study by Min et al (2004) has shown thHagsity may adversely affect the red
blood cell membranes AA & DHA levels of GDMwii(h similar characteristics like T2
diabetic$ and the effects of prgestationaBMI insulin insensitivity is well documented
Subsequentlythese factors combinaday have adversely impacted waternal outcomes
where there was no difference in onset of laboate of induction and mode of delivery
between women who receivdh aols compared to those who received placebo and
within those groups.Also, except for preterm birth, no significant foetal/neonatal

difference was found between women who received fish oils and those whotgahd
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the effects of prgestational BMI insesitivity may have been an influential factdut,

more recentrelated data has shown that a daily dose of 600mgs DHA rectifies the
impairment of red cell membranes in women with T2 DM and their offspring and alters
foetal body composition (Min et al, 201@ his begs the question whether gh@r dose of

active supplement vgéaneeded to have a positive impact on pregnancy outcomes?

Obesity (Gutaj et al, 2013; Conway, 2011; Lashen et al, 2004) and T2 DM (de Valk, et al,
2006) are associated with an increhssk of spontaneous abortion,daoombined, those

risk factors ould have contributed to the incidence of miscarriage (n=20; 14%). Most
miscarriages occun the first trimesteras was the case in this study, with a significantly
higher incidence amon@2 diabetics compared to healthy controls. As there was an equal
distribution of miscarriages in the active and placebo groups among healthy women and
more common among women with T2 DM who received active supplenfishtsjls had

no effect on whether arot women miscarried.

Of all preterm births (n=21, 15%), above eighty percent had T2 DM. This was highly
significant. There was a siold increase of babies that were moderately preterm. Also,
there was a marked difference between the active and thebplgcoupsWhen compared

to women with and without T2 DM, there was do8 increase of prematurity in the
placebo groups. This significant increased would indicatefigtabils were beneficial in
reducing preierm deliveries, and possibly prolongingegnancy, particularly among T2
diabetics where the majority delivered at te@onversely, a RCT conducted bigh-risk
pregnancies showed that supplementation reduced the recurrence risk of preterm birth
although not preterm delivery (Olsen et al, 2000kterm babies are believed to have little

fat stores and are more susceptible to reduction in AA and DHA (Min & Crawford, 2004).
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Pregnant local women had an average -@f éhildren and usually in quick succession.
Previous evidence has shown that veonwith short durations between pregnancies may
also be starting with depleted stores of fatty acids. Likewise, quick successions of
pregnancies can contribute to low birth weight and preterm births (Rawlings et al, 1995).
Consequently, the placental supplf fatty acids available for transportation to the foetus
could have been affected, impacting adversely on the maternal and foetal outcomes
despite the higher concentrate of LCPUFASs in a singleton pregnancy compared to multiple
pregnancies (Ziejdner ail, 1997). As all recruits had singleton pregnancies, they all
should have had an adequate supply of LCPUFAs which would have been boosted in thos
who had taken additional oral active supplements. But, with the population profile being
overweight/obesitysome of which had prexisting DM, most women would have started
pregnancy with depleted stores of essential fatigsaand added supplementation may
have contributed to rectifying the depleted stave$ CPUFAsand meetinghe ongoing

demand fothe foeus, but to what extent?

7.7.2.2Foetal and Neonatal Outcomes

7.7.2.2.1Birth weight & Apgar scores

An analysis of variance has shown that the effect of fish oils on birth weight and Apgar
scores at 1 minute wamt significant unlike Apgar scoreat5 and 10 minutes, wdre the
effect of fishoils was significant. However, as most Apgar scoras5 and 10 minutes
usuallyfal betweennormalparameters, one must be cautious to link those values to EFAs

consumption.
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7.7.2.2.2 Low birth weight

The incidence ofow-birth-weight infants was similar among T2 diabetic women who
received fish oils and placebé. Cochrane Database &ystematicReviews has shown
that control of blood sugar levelsx people with T2 DMwas not affected by fish oils
supplematation (Hartweg et al, 2009 and could be the possiblexplanationfor this
similarity. Additionally, a systematicreview which examined the effects of fish oil
supplementationn women with GDM has showmo beneficialeffectsin thepreventionor

treatmenbf diabetes(Ostadrahimi et al, 2016

Non-diabetic women who receiveglacebo were twice more likely to havdaav-birth-
weight infant, but this was not significanOverall, there was no significant difference
between & within the active and placebo groupsvhich indicated thatfish oils
supplementation pregnancy was not associated with the prevention of low birth weight
infants. Similar findings were found in systematicreview conducted by &onne et al
(2016) unlike asimilar andmore recent review conductédiddleton et al (2018which
showed thatewer babiesre likely to havdow birth weight amongvomen who reeved

fish oils.

Previous reported edencesupports the view thafish oils supplementationvith 1.62g of
eicosapentaenoic acid (AA) and 1.8g of DH¥ad no positive impact on pregnancy
outcome(Onuwude et al, 1995). But, could the lack of benefits be associatedheith
dose strength of supplemenise® Onuwude et @ study was a doublblind placebo
controlled randomised trial of fish oils in pregnasas®mplicated with intrauterine growth
retardation and pregnancy induced hypertensanch makescomparisos difficult.

Considering that half of the women recruited into this study started with medical and/or
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obstetric complicationsfindings from that studymay be considerednapplicable
Nevertheless, as a higher sgénsupplement was used foatistudy, the morbidity of the
Newhampopulation comes into question as presumed benefits may have been obliterated
Various doses and types of fish oils have been used in pregnancy outcome shudies. T
lack of uniformity makes it difficulto assess the effacy of fish oils usen materral and
foetal healthA review has shown thaincertainty still exists on the contdose of omega

3 and omegs®b fatty ecidsrequired for use in pregnaneynd the correct ratiof omega3 to
omegab andpossiblecontraindi@tionswhen used in combination with other dsufoods

and other suppl@ents (Gogus & Smith, 2010 Complicdions developedin the index
pregnancy and the medical and previous obstetric history with which women prasent
also affectan accuratassessmermn pregnancyealthand outcomed.ow levels of AA &

DHA were shown to be associated withv birth weight and gestational age (Leaf et al,
1992) To reduce the morbidit a higher dose admega3 fatty acidsupplemenmayneed

to be considered.

7.7.2.2.3Admission to SCBU

Most babies were born in good conditioegardless of the health status and whether or not
women were supplemented with fistisoHowever, compared to women without diabetes,
babies born to women with pexisting diabete$§T2 DM) were 12 times more likely to be
admitted to SCBWvith the incidence twicencreasecamong those who receidelacebo.
These findings were not significant but were similar to the norm whereby the admission
rate of babies born to diabetic thersis higher than that ainothes whose pregnanes

are uncomplicated with diabetesTlhe main reasons for admission wegseematurity

followed by hypoglycaemiaand this iscommonplace Consequently, it is difficult to
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correlate taking of fish oils withmproved wellbeingof those infants and reduced

likelihood of admission to SCBU.

7.7.3 Diabetes management and pregnancyutcomes

Managment of diabetesn womenwith T2 DM who receivedish oils was mainly oral
medication and combination therapy compared to more intensive treatment of arsili
combination therapy in tsewho receivedolacebo To obtain optimum diabetes control,
aggresive treatment is required to reduce the morbidity and mortality associated with
diabetes in pregnancy (Gorig et al, 2018 & Billionnett et al, 2012). Pregnarfoy a
shortenedperiodin which good control igritical to optimisethe wellbeingmaterral ard

foetal This would explain why treatmenttansified during pregnancy compared to when

women were in their early stages of pregnancy.

The averagdiBAlc results at recruitment and paelivery among womewho received

fish oilswere slightly better thafor womenwho received placebd possible explanation
could be tlatoral intake of fish oilsnay have had sommpact on glycaemic controdven

if it was not b a significant levelBut, one needs to be cautioas overallthere was a
higheruse of combination theragyr diaketes managemer@mong women who received
placebo compared to women who received fish diese results have demonstrated that
women in tle active group had better glycaemic control which may have been associated
with their intake of omeg& and omeg® fatty acids, although that difference was not
significant. Additionally, since there is a level of inaccuracy in HBAlc results in

pregnancy (Little & Rohlfing, 2013it is difficult to establish any correlation.

The average gedtanal age at recruitmer@mong women who received fish odadthe
placebo groupvas 9 week&nd10 weeks respectively.This raisesthe question, whether
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that week difference in recruitmer(glthough small) resuled in earlier specialist
involvementand diabetes managementhich contributedto better diabetes control and

possiblythe need for less intensive therapy.

Women who received pharmacothpy for diabetes control had poorer outcomes
compared to those who did ndtor example,compared to women ordiet onhg
miscarriages were-fbld and 6fold more likely in women who received oral medication
and combination therapy, respectiveWomenmanagedon o6di et onl ydé w
could conclude that those women weressiblynewly diagnosed with borderline diabetes
and therefore had good control or that they were strongly motivated to manage their

condition. Converselythe use ofpharmacothepy may be indicative of the aetiology of

the disease, years of diagnosis and change in regimen

The incidence of miscarriage was higher among women who received combination therapy
than theother treatment groups, combined. &thresult contravenes the evidence which
recommendsntensive treatment to achieve optimal glycaemic control and eethe
incidence of miscarriagg€EMACH, 2007) But, sinceone in fivepregnanciesn the UK

end in a miscarriagéMiscarriage Association UK, 2021 and tte incidence ishigher
among women with T2 DMCEMACH, 2007) having a definitive conclusion on the

causal effect of miscarriages is difficult.

The i mpact of the disease (T2 DM) on 1 ngc
treatment may have varied, despite tlegimic groupingPrevious studies have shown that
Asians have a lower threshold of developing diab@tssmmdorj et al, 2010)Similarly,

their response to medication may also vary and combined, these factors could have

contributed to the increased incidence of miscarriagesngnwomen who received
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combination therapyparticularly as mossubjeds recruited wereAsians.The effecs of
being overweightand obese on the prevention of optimahsulin absorptionfHassam &
James, 2005¢ould have been another factéiso, asindividualswith T2 DM and GDM
share similar metabolipathways(Ben Slama, 1997and obesity was found to have
adverse effecton red cell membrané@A and DHA in GDMs, this could be another

possibleexplanation

Preterm births and | ow hriore tikaly, theemore lintensigeO 2 4
the treatment regimerOne can assume that the maremplicatel or high risk the
pregnancythe more intensivéhe treatment regimen and therefore the more likely risk of
preterm deliery and lowbirth weight infant Stillbirths and neonatal deaths were only
common among those who received insulin therapy. This raises the question whether thos
poor outcomes would have occurred if women received the higbest df treatment

(combination therapy)?

Most women had operative deliveries which increased the more intense the treatment
regimen; but this was not significanaginal deliveries were more common among those
who were on oral medicatio®ral medicatioruseis generallythe second line of treatment
regime after managementon diet only@ Having not required insulin treatmermr
combination herapywould suggesthat those women haablequateglycaemic controbn

tablets which mearthat many could havgone intospontaneoutabour and hadaginal
deliverieshaving had gplan for delivery at a later stage compared w@men onmore

intensive treatment r@agen
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7.8 Conclusion

Thefindings of thisphaseindicatel that fish oils supplementatiomeduced the number of
babiesborn pretermneonatesadmitted to SCBUAnd caesarean section deliveriast had
no impact on the reduction dftillbirths, neonatal deathsniscarriages,hypertensive
disorder in pregnancy, amllycaemic controlUncertainty still remains on the effect of fish
oils onprolonging gestationalge andeducingthe IOL rate Further esearch is needed to
explore any additional benefts on pre-existing diabetesncluding whethersupplements
should becorsumel from the pre-conceptualperiod and throughout pregnandyg have

increased benefits

The final chapte(8) follows. It has summarised the main findings of this thesis and the
unique contribution this thesis has made. The strengths and limitatieastophase of the
study, the implications of the findingand areas for future investigationsill be

highlighted.
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Chapter 8:

Overview, summary, future

research and conclusion
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8.1 Introduction

In this concluding kapter, | will pravide an overview of the general thesis. | will reflect on
my experience of conducting the study and having caegblde study, | wiltevisitthe

study aims, objdo/es and hypotheses to establish whethienot they were acéved. A
summary othe findings of each chaptevill also be providedvith explanatioron new
knowledge derived from the study. Strengths and limitations will be discussed and areas

for future investigation will be highlighted

8.2 Reflection

It was very cathartic, having reflected my journey from the start and throughout to the
completion of this thesis. Reflection on my experience wasftlb It was one of self
reflection and more importantly, it wame of critical evaluation of whether or not my
initial aims, objectives andypotheses were supported or annulled with the data presented

in each phase of this study.

With English as my first language and having studied at Masters Level, | believed that |
had a satisfactory level of academic persuasion to pursue this doctotateitNéimited
research experience, | was at times conflictedt the support and guidance of my

supervisos were invaluable

Having eflected on the actuatudy, lamamazed at mgverall achievement8ut, when |
examined each phase of the study nobosely, and the data present&ds noticeable that
although some things were done well, there were some limitations which may have

impacted of the findings and these need to be considered when interpreting the results

254



Given the time, money and oppanity again to undertake this project, there were some
things that could have been approached and done differently. Likewise, there were othe
areas which could have been further explored, and combined, these are described belo

after providing a brief ovgiew of the study to add context to the issues raised.

8.3 Study overview

Pregnancy is usually a time b&ppinessbut it is fraught with many challenges which if
addressed appropriately and effectively, can optimise theb&®ly of mother and baby,

their pregnancy outcomes, as well as the {1 health of mothers and their offspring.
Diabetes, which is a metabolic disorder, present significant complex challenges to care
providers. However, previous studies have shown that despite the likely ityodnd
mortality associated with the condition, pregnancy experience and outcomes can be
positive for both mother and batshould an individualised and multidisciplinary approach

to care, be adopted.

Nutrition plays a critical role in the effective nagement of diabetes care. All pregnant
women are advised to have a balanced diet which includes foods high in omega 3 fatty
acids [arachodonic acids (AA) and docosahexaeonic acids (DHA)] which are needed for
incorporation into the lipids of proliferatingembranes from conception and throughout
pregnancy. Hence, the recommendation by the Food Standards Agency for pregnan
women to have two portions of oily fish weekly. Oily fishes are high in DHA which is
essenti al for baby®&s baoodsirich inaAA dre necessarg for d-

babyds growth and devel opment .
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In women whose pregnancies are complicated with type 2 or gestational diabetes mellitus
insulin resistance of varying degremsspresent. Experimental studies have shown that
diabetes impas the activity of delt® and delteb which are enzymes necessary for the
synthesis of AA & DHA. Placental transfer of DHA from mother to foetus becomes
affected and AA and DHA are significantly reduced in the red blood cells of women with
GDM and T2 DM,and in the plasma and red blood cells of their children, which when

combined may impact on pregnancies and pregnancy outcomes.

The UK is becoming increasingly more diverse. Each ethnic group brings its own
peculiarities and service providers need to askadge, respect and embrace this notion,
when caring for all pregnant women in their care, because this in turn can foster positive
levels of engagement witRiCPs and subsequently reduce morbidities associated with
diabetes in pregnancy and lack of engageiEthnic minorities from deprived areas like
Newham can present with complex health issues in pregnancy which can provide

substantially rich empirical data for the provision of quality eviddrased care.

Previous chapters of this thesis have high&ghthe impact on maternal and foetal
outcomes of women with GDM and T2 DM due to lack of engagement M@Rs
inadequate maternal nutrition lacking in AA and DHA and inadequate screening of
pregnant women at risk of GDM. The main findings within thisithasd the implications

of these findings are reported below. The strengths, limitations and areas for future

research are also highlighted.
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8.4 Summary

8.4.1 Phase (chapter 4) Client engagement wittHCPs and its impact on pregnancy

outcomes

Thsphase evaluated the main factors whioch
with HCPs Demographic and soceconomic factors play a key part in tdecision
makingpr ocess, which varied among and bet we
to geak English. Regardless, the overarching reason given for positive engagement with
HCPswas the likely benefits to the baby while having no research interest was the main

reason for lack of engagement.

Inclusion of NonrEnglishspeakingwomen provided a true representation of the local
population which is highly diverse.hg provision of the PIS in the 5 most dominamn-
English) locally spoken languagesy haveengendered oeuitment of a larger cohort but

this needs further investigatiolRegardlessEnglish speaking women who were Asian
Muslims and given adequate time to make a decision with the help of their social network
(husbands and/or family members) had positive levels of engagement. Home and/or
hospital appointments provided women with choiced &he opportunity for family
engagement and may have helped with positive engagdménieeds to be explored
further. Also, singleton nomsian Christians were more likely to engage but their decision

on whether or not to engage was made more promptly.

Women with a positive level of engageme&? weeks gestatiotheveloped less pregnancy
complications but slightly higher number of womenithin this grouphad hypertensive

disorders (PIH, preclampsia or eclampsia) ahdd poorer birth outcorsgin that they
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suffered more pregnancy loss (stillbirth, miscarry or neonatal death) compared-to non
engaged womerBabiesof women who engageearlywith HCPsweretwice less likely to
develop macrosomidut more likely to beborn prematurelyand of low birth weght.

From this dataone can conclude thétirther workis needed to ascertain whether these
disparities in outcomes were associated with positive engagemertd@Rbor lack of it,

or due to socieconomic and environmental facto@verall, data on cknt engagement

with HCPsis limited, particularly in the UK, and there is a need for more robust data to be
better able tcestablish the factors which impede or enhance client engagement and its

impact on maternal and foetal outcomes.

Also, some women whengaged wergre-existing diabetics (T2 DM) and previous GDMs
who were perhaps knowledgeable on diabetes and its potential risks in pregnancy and ma
have felt motivated to engage to reduce the morbidity/mortality associated with the
condition. Subsequdy, the engagement process may have becomesalelftive and

those who needed to engage were those who were less likelystatal this could have

impacted of the findings.

8.4.2 Phase 2(chapter 5) Culture-specific screeningguidelinesfor women atrisk of

GDM

Current guidance from NICE is that women with a history of GDM must be tested as early
as possible and, if the result is negativetersted along with women with other risk factors
between 248 weeks of gestation. This recommendation watuated within this phase

to establish the appropriateness of NICE guidance when caring for women with other risk
factors which included family historfy of

history of previous GDM and macrosomic babies (birth weilgtkg). Having a &mily
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history of diabetes andb ody mass i nde % wereBsivbng indiGadoss fok g /
early detection of GDM and were more common as risk factors for screening than women
having had previous GDM. These finding would suggestithedmmunities like Newham
which are genetically susceptible to T2 DM, early screening should be offered to pregnant
women witha f amily history of di abet esNICeEnd
guidance would be inappropriate when caring for women witliaimlisposition Lack of
universal agreement on who and when to screen continue to pose a huge challenge but tt
strength of these findings should not be ignored, particularly as diagnosis of GDM was
made following the use of WHO criteria of 75mgs of glse load which allows for

comparisons with similar studies.

This chapter also discussed whether there was any difference in pregnancy outcome il
women who were diagnosed with GDM before 24 weeks of pregnancy. Findings within
this phase were similar to ajleate available data on previous studies which have shown
that the maternal and foetal outcomes are poorer the later the diagnosis of GDM.
Therefore, early screening and detection of GDM is critical to reduce the morbidity

associated with the condition.

8.4.3 Phase Jchapter 6) Impact of fish oil in pregnantwomen with GDM

Maternal nutrition contributes significantly to maternal and foetal wellbeing during
pregnancy and beyondlutrition therapy is also an integral strategy in the preveraiah
treatmemn of GDM. Pregnant women with GDM are believed to have redueeels of
plasma fatty acid composition resulting
needs.This phase examined whether supplementation with EFAs (omega 3 & omega 6)

had any bendfial effects on maternal and foetal health and pregnancy outcomes of
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women diagnosed witkkDM. Maternal and foetahealth andoutcomeswere similar in

those who receivedctive supplemensnd placebo. Supplementation with fish oils had no
impact on indutton and caesarean section rates, prolonging pregnancthaneduction

of preterm birth, macrosomia, IUGR, hypertensive disorders of pregnancy and postpartum
glycaemic control. There was a possible reduction in the incidence of stillbirths,
miscarriagesand neonatal deaths, but further research is needed to provide empirical

evidence in these areas.

From these findings, a daily dose of supplementation with two capsules containing 600mg
DHA and 200mg AA showed no marked effect on maternal and neonatahmsdespite
previous suksetdata havingshown that in women whose pregnancies were complicated
with GDM, daily dose of DHA 600mgs enhanced maternal DHA status but not that of their
offspring. Also, previous studies suggest that the transfer of DHA fnother to foetus

may be impaired in women with GDM and that DHA modulates insulin resistance which is
a characteristic of GDMRegardless, dving an increased daily dose of AA & DHA to
rectify fatty acid status in infants of mothevith GDM should be cosidered to enhance

the immediate andongterm potential benefits of these fatty acids in vascular and

neurological development and function of the offspring, as shown in previous studies.

Also, overwhelmingly, the evidence has shown that the pregnaricgroes of women

with GDM are poorer than those without diabetes and optimising blood glucose levels can
be highly beneficial. It would therefore be invaluable to further explore whether an
increased dose of AA & DHA would be imperative to improve insuéinsgivity, and

subsequently promote euglycaemia leading to better pregnancy outcomes.

Many largescalestudies were used to support this phase but one of the main limitations

was that the pregnancies of women studied were predominantly not complicated wit
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diabetes. Furthermore, there were marked differences in the-esmmomic and
demographic profile of subjects studied and therefore the comparisons of the findings were
restrictive.Homogeneous comparisons were also inhibited because previous stedies us
lower and varying doses of DHA\Iso, the sample size within this phase was relatively
small, but data generated would have provided stronger effects of the intervention if that
data was compared with healthy controls, that is, women without GDM. Pated from

this group was excluded from the analysis to enhance the integrity of the findings, due to

the low response rate.

Compliance was sometimes difficult to monitor. Medication bottles were not always
returned on followup visits for counting; makig it difficult to have a comprehensive log

of the number of supplements taken and this aspect needs to be considered whe
interpreting the results. Also, dietary logs (food diaries) were excluded from the analysis
due to low return rates and of those mnetid, most werencomplete,and the quality of the

data was suistandard.Data obtained from the food diaries would havprovided a
comprehensive recordf individualised baseline EFA®ega3 & omega6) status and
establisked the difference in EFAs intakfrom dietary foods and supplementation and that

data considered when analysing the outcome data.

8.4.4 Phase 4impact of fish oil in pregnantwomen with T2 DM

Previous studies have reported altered membrane fatty acid composition being a feature c
T2 DM and red cell membrane phospholipids anomaly in women with T2 DM and their
neonats, characterised by a significant reduction in DHA levels. However, previous sub

set data has shown that a daily dose of DHA 600mgs enhanced maternal and foetal DH/
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statts in women whose pregnancies were complicated with T2 DM, indicating a possible

improvement in maternal and foetal outcomes.

This phase examined whether supplementation figth oils improved thematernal and
foetal health and pregnancy outcomes of wonvégh T2 DM. The findings have revealed

that fish oil sipplementatiorhad a positive impact on birth maturity and reducedt@mna

births. Fewer neonates were admitted to SCBU among women with T2 DM, and had
elective caesarean sectioiifie overall caesaa@ section rate was also reducEsh oils
supplementation had no impact on reducing the rate of induction and birth weight.

Glycaemic control was also not impacted by fish oils supplementation.

Based on these findings, fish oil®nsumptionshould be etouragedto reducethe
incidence of preterm birtm e onat e s 0 a d mndsaesarean section dsliCeBdd
Omega3 fatty acids arenexpensiveand are available on the high streets. Wlh-risk
women, particularly those with pexisting diabetesmay benefit from fish oils
consumptionas part of their preonceptual carbut more empirical studies conducted in
this area Also, further studies are required to evaluate the impactfigif oils

supplementation in pregnanoy maternal and foetal outcome
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8.5 Future investigations

When | first started this project, | knew what the scope of my thesis was but the more that |
explored the evidence, the more aware | became that there were wider issues that needed
be explored. As a practicingidwife, my duty of care is to mothers and their babies and
my scope includes caring for them up to 28 days-gektery. But, since | work in an area
(Newham) which has a predominantly young population, it is commonplace to see women

returning, usuallyvithin a short duration, with future pregnancies.

It is well documented that women with T2 DM and GDM have poorer pregnancy outcomes
compared to nowdiabetic women. Therefore, it is critical to ensure that women adequately
engage wittHCPsprior to and edy whenpregnawy is confirmed, respectively, for them

to get optimal care which will positively impact on their pregnancy health and outcomes,
and the future health of them and their babkasditionally, having had GDM women are

at risk of developing #h condition in subsequent pregnancies and this justifies the need for
early contact wittHCPSfor adequate and timely screening and management of those with
a positive diagnosi s. As demonstrated wi
and family history of DM are strong indicators of developing GDM in future pregnancies
and these factorshould be considered when screeningiskt women in areas with a
similar demographic profile like Newham, which is highly diverse and depriexhs of
interest which need future exploration to enhance the phases of this study are highlightec

hereunder.

The longterm effects of diabetes are well documented and various theories exist on foetal
programming and the disease risks of babies in their adult life. Therefore, it would be

useful to gather data not only during pregnancy and the immediatdedosty period but
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beyond.Further epidemiological studies would be beneficial to follow up the children of
women with GDM and T2 DM after supplementation with AA & DHA. Previous
longitudinal studies have demonstrated that LCPUFAs insufficiency is linked to
I mpair ment in infantsoé growth and devel.
Other studies have reported that the offspring of diabetic mothers have cognitive
impairment, are obese and develop T2 DM. These findings could establish whether early
yeas 6 i ntervention in childrends neurolog

learning difficulties and/or prevent long term morbidity.

Women with GDM and T2 DM are characterised by some form of insulin resistance which
impair their ability to adecately meet their foetal demands for AA & DHA which are
necessary for foetal growth and development including their neurological and visual
wellbeing. Oral supplementation of these fatty acids (AA & DHA) is believed to rectify
these depleted leveldn this study, a daily dose of 600mg DHA and 200mg AA
supplementatiofrom as early as the first trimester until delivdrggd some positive impact

on the pregnancy outcomes (reduction of premature births and prolonging pregnancies) o
women with T2 DM but not woen with a diagnosis of GDMt would therefore be
invaluable to further explore whether insulin resistance and red cell membrane
phospholipids can be rectified and/or enhanced by an increased dose of EFAs (AA &

DHA) and subsequently promote euglycaeméaliag to better pregnancy outcomes.

| believe that the number of women diagnosed with GDM within Newham could be higher
than in some areas. At present only women who are high risk of developing GDM are

screened but there may be women who develop GDM avhonot high risk. Over the
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years, | have come across women who had no notable risk factors but developed the
condition,but they were only screened for GDM when they becamveell, usually during

the 3% trimester. Data from screening women who are nbtgit risk of developing GDM

for the condition, over a period of a year will provide a more comprehensive overview of
women who are at risk of developing GDM, locally, nationally and possibly worldwide

and set precedence for further studies.

Also, it woud be useful to establish the percentage of women who had GDM and
subsequently developed T2 DM withinfige-year period because previous studies have
shown that within 5LO years and in some cases even earlier, some women developed T2
DM. This informationwould be critical for future preventative work, care planning and
allocation of resources. Huge cost savings could be made considering the high likelihood
of T2 DM in later life after GDM diagnosis and since diabetes costs the NHS millions on a

daily bass.

It will be useful to evaluat&w o men6s knowl edge of GDM bef
education session to establish whether or not their knowledge improved and how that may
have impacted on diabetes control and pregnancy outcome, while paying particula
attention to the Englishand norEnglish speaking women. This data would establish
whet her the sessions are o6fit for purpos
would have been useful to assess any new learning and whether that newdigeowl
empowered women to addestyle changes to optimise their glycaemic control and have
influenced their decision on whether or not to engage with the services available to them.
Comparing the pregnancy outcomes of previously and newly diagnosed G&gtsblish
whether the former with their previous knowledge felt more motivated to engage and
whether that had any impact on pregnancy health and outcomes, is another area for stuc

which will provide substantial data on whether or not teaching shoulstrbamlined
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differently or not, when the diagnosis of GDM is confirmed. It will also establish the level

of input that is required frorHCPs Al s o, some women may ha
illiteratesd who were unabl e towadedaird they u a t
education session and subsequently unable to engage effectively and responsibly
Evaluating this in the context of blood glucose control and pregnancy outcomes would

provide invaluable information on the structure of the education sesdioa finture.

Having a record of the type and frequency of exercise in which women engaged, the
number of dietetic encounters and support they received from the antenatal period anc
throughout todelivery andevaluating whether those lifestyle factors ciimited to
womenos knowl edge and understanding abc
engagement wittlCPsand positively impacted on glycaemic control, maternal and foetal
wellbeing and pregnancy outcomes are areas for future study. Healthy edtiexeacise
arethe cornerstone for optimum diabetes control and management, and acquisition of tha
data would help with the provision of more targeted individualised toagemultiethnic
clientele; some of which are usually not amenable to makiestyle changes due to

cultural and sockeconomic reasons.

Although some factors have been identified for lack of engagement among local women,
data on womends | evel of education, expe
occupancy rates per numbafrooms in their housing accommodation would have been
useful to assess those social factors on engagement, through further work. Also, it woulc
have been useful to evaluate the number of encounters that were made with subjects befol
they engaged withiCPsto help with budgeting and when conducting research within this

population profile.
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Data coll ection on womends previous expe
their birth countries would be useful to establish whether there was any tonreléh

those factors and engagement in this country. This information could be matched with
w0 me prévieus experiences using the health service, concerns and expectations to hell
in supporting women to access available services and make choicegthamenable to

t hem. Previous negative experiences of h

can dictate how one engages with new se
experiences of all services, including health, since arrivinganidK may have contributed

to their willingness to engage or not and future study in this area would be critical for

future promotional work on client engagement.

Since completion of this studgmergng new evidence was found im abservational
study onducted by Murphy (2020). The managemenirefjnancydiabetes before, during

and after COVIB19 was explored. Conclusisfrom that study werd¢hat as HCPs we
need to find new ways of supportilgegnancy womenn managing theirdiabetes
Positive feedbak wa s received on video consul't

requiring face to face visits were improved.

The results of this study are most fitting for Phase 1 of this study which explored the
factors which influenced positive client engagemenhWMCPs. Women need flexibility in
the choices made available to them to do what is right for their babies. One thing that |
would have done differently was tloéfer of video consultationin addition to the choice

of home visit and hospital consultatidrhis additional choice may facilitate increased
levels of engagememthich would have had a more positive impact on client the RCTs in

Phases 3 and 4.
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8.6 Conclusion

The programme of research in this study would make a unique contnibotidging the
gap in existing knowledg&.here are no well designguegnancy outcomstudies on fatty
acids supplementationn pregnancies complicated witlgpe 2 and gestational diabetes

mellitus. This study would help in filling that gap.

The findirgs of this study have demonstrated tWERE current guidelines on screening for the
early detection of GDM are inappropriate for use in communities like Newham with a high
disposition of DM.Familyhis ory of di ab et gae strand indichtors féreark g / r
detection of GDM. In communities like Newham which are genetically susceptible to T2 DM,

women with these risk factoras well as a previous history of GDshould be screened early.

Further explored werehe impact of supplementation with AA & DHA in women with
GDM and T2 DM on pregnancy outcomes and factors which influengagement with
HCPs among hese high-risk groups and the subsequent impaot their decisionon
maternal and foetalutcomesSocial, cultural and religious factors are critical to decision
making. Women need time, flexibility in care delivery and appropriate and adequate
information in language they understand to engage effectivéfkeSolderswould be
better able to prioritise services for early management interventions to reduce any

associated risks to mother and baby.

Also, this study has demonstrated that supplementation with fish oils in T2 diabetics
improved maternal and foetal outcomes in prolonging pregranceelucing preterm
births, caesarean section deliveries and admission to SCBUWndclarity in these area

can foster changes in the local maternity diabetes serviceledmBCPsto improve the
nutritional advice provided tpregnant women toectify maternal and foetal fatty acids

status, in particulavomen with preexisting diabetes arbssibly those witlGDM.
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For reasons of accountabilitdlCPsneed to take a broad culturally sensitive view when
dealing with all pregnant women but particularlynfwhites, who for the greater part are
sociceconomically deprived, marginalised, antbre susceptible to developing T2 DM
and GDM and have poorer preghancy outcorieh ethnic group has its own nuances
and stakeholders and service providers need tooadkdge, respect and positively
embrace this notion. A start would be to refrain from grouping all\Wbites under the
umbrell a of 0 B A&ulyBniliyidualised weradmrénted eare and reduce

inequalities in healtlwhichis not a historic problem

Finally, the findings of this study should be interpreted as the first step towards future
research on maternal and foetal outcomes of the local preghancy diabetes service
Parameter used within this study can be used for funogk on GDM screening,

promotion of positive client engagement and enhancement of nutritional status and

pregnancy outcome measures for all women whose pregnancies are complicated with DM.
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Appendix 3.1

Newham Umvers:ty Hospital |

NHS Trust

Date: 15 May 2006

Dear Participant,

You are being invited to take part in a research study entitted “Dietary fish oil
supplementation to improve maternal and foetal nutritional status in diabetic pregnancy”.
Previous researches have shown that babies born to mothers with established diabetes (whether
it’s type 1 or type 2 diabetes) or gestational diabetes (that is diabetes developed during pregnancy
but resolved after delivery) are at greater risk of becoming obese, insulin resistant and
subsequently developing type 2 diabetes. Also some study suggested that children born to
mothers with diabetes are associated with learning difficulties. A

We have shown that diabetic women and their newborn babies have lower blood levels of
long chain omega 6 and omega 3 fatty acids. These are fatty acids found in various food but they
have different dietary source. For example long-chain omega 6 fatty acid (it is called arachidonic
acid or briefly AA) mainly found in meat, poultry, or egg whereas omega 3 fatty acid (it is called
docosahexaenoic acid or briefly DHA) are mainly present in fish, fish oil or seafood. Why are
they important? Because these nutrients are vital nutrients for the brain, retina and blood vessels’
and human body need them to function properly such as fighting for infection, lowering blood
cholesterol

The purpose of this study is to investigate if supplementation with omega 3 and omega 6
fatty acids in pregnant women with diabetes improves the nutritional status of mothers and babies.

The following information sheet will explain details of the study. Please take time to read the
leaflet and discuss it with others if you wish. Ask us if there is anything that is not clear or if you
would like more information. Take time to decide whether or not you wish to take part. Thank
you for reading this.

Professor Ovrang Djahanbakhch
Principal Investigator

. Website: www.newhamuniversityhospital.nhs.uk Minicom: 020 7363 8790
3 Chairman: Michael Smith  Chief Executive: Kathy Watkins
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Appendix 3.5

Newham University Hospital

NHS Trust

Title of Project Dietary fish oil supplementation to improve maternal and foetal nutritional
status in diabetic pregnancy

‘Principal Investigator Professor Ovrang Djahanbakhch

Other Im)estigators Professor Michael Crawford, Professor Kebreab Ghebremeskel, Dr Yoeju Min,
Ms Joanne Hutchinson '

Ethics Committee
Version No. 2006-1 Date 15 May 2006
Contact Person Professor Ovrang Djahanbakhch or Ms Joanne Hutchinson

Contact Tel. No.

You are being invited to take part in a research study. Before you decide it is important for you to
understand why the research is being done and what it will involve. Please take time to read the
Jollowing information carefully and discuss it with others if you wish. Ask us if there is anything
that is not clear or if you would like more information. Take time to decide whether or not you
wish to take part. Thank you for reading this.

.

1. What is the purpose of the study?

Evidence from animal and human studies reveals that unfavourable intrauterine environment -
may programme the foetus to chronic diseases such as type 2 diabetes and high blood
pressure in adulthood. Indeed, maternal diabetes during pregnancy is a strong risk factor of
obesity, insulin resistance, type 2 diabetes, and mental deficit in the offspring. We have
shown that diabetic women and their newborn babies have lower blood levels of omega-6
and omega-3 fatty acids. These nutrients are vital nutrients for the brain, retina and blood
vessels. There is evidence that insulin resistance, obesity, type 2 diabetes and impaired brain
function are associated with low level of omega-3 fatty acids in blood. In addition, it has
been shown that the omega-6 fatty acid (arachidonic acid) prevents maternal diabetes-
induced birth defects in animals. The purpose of the proposed study is to investigate if the
low level of blood omega-3 and omega-6 fatty acids in pregnant diabetic women and their
babies, at birth, found in our previous investigations could be improved by maternal
supplementation during pregnancy. ’

2, Why have I been chosen?

You are chosen because you have either established diabetes (type 1 or type 2) or are
diagnosed with gestational diabetes. Even though you don't have diabetes you are chosen as
controls which means you will act as an healthy group and will be tested how effective the
fish oil improves your essential fatty acids status compared with those of diabetic women,

Website: www.newhamuniversityhospital.nhs.uk Minicom: 020 7363 8790
’ Chairman: Michael Smith  Chief Executive: Kathy Watkins
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NHS Trust

3. Do I have to take part?

It is up to you to decide whether or not to take part. If you do decide to take part you will be
given this information sheet to keep and be asked to sign a consent form. If you decide to
take part you are still free to withdraw at any time and without giving a reason. A decision to
withdraw at any time, or a decision not to take part, will not affect the standard of care you
receive.

4. What will happen to me if I take part?

Sometimes because we do not know which way of supplement patients is best, we need to
make comparisons. People will be put into groups and then compared. The groups are
selected by a computer which has no information about the individual - i.e. by chance.
Patients in each group then have a different supplement and these are compared. This is
also a blind study which means neither you nor your doctor will know in which treatment
group you are (although, if your doctor needs to find out he/she can do so).

Your chance of getting the study supplement or placebo will be a one in four. A placebo is a
dummy supplement such as a pill which looks like the real thing but is not. It contains no
active ingredient.

5. What do I have to do?

We will need to take 2 capsules a day until delivery.

6. What is the treatment or procedure that is being tested?

We will measure your blood lipid and fatty acids at the time of recruitment and during 3™
trimester and after delivery. Also we are going to test how effective your body regulates
blood glucose by measuring blood glucose and insulin. For this test you need to come to the
clinic in the morning after overnight fast.

7. What are the side effects of any treatment received when taking part?

We are not aware of any side effects of either treatment or placebo.

8. What are the possible disadvantages and risks of taking part?

There are no known disadvantages and risks by taking these capsules. They are already
widely available at the chemist, health shops, and supermarket.

9. What are the possible benefits of taking part?

We hope that both treatments will help you. However, this cannot be guaranteed. The
information we get from this study may help us to treat future patients with diabetes and
their children better. '
10. What if new information becomes available?

Sometimes during the course of a research project, new information becomes available
about the treatment that is being studied. If this happens, your research doctor will tell you

Website: www.newhamuniversityhospital.nhs.uk ' Minicom: 020 7363 8790

\\*‘ "00, '
‘g"\Wg“‘ ; Chairman: Michael Smith  Chief Executive: Kathy Watkins
S

Uspp®
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Newham University Hospital

NHS Trust

about it and discuss with you whether you want to continue in the study. If you decide to
withdraw your research doctor will make arrangements for your care to continue. If you
decide to continue in the study you will be asked to sign an updated consent form. Also, on
receiving new information your research doctor might consider it to be in your best interests
to withdraw you from the study. He/she will explain the reasons and arrange for your care to
continue.

11. What happens when the research study stops?

Even though the research study stops for any reason all the clinical information and samples
will be stored until decision is being made by the research committee. This will not affect any
of your routine care.

12. What if something goes wrong?

If you are harmed by taking part in this research project, there are no special compensation
arrangements. If you are harmed due to someone’s negligence, then you may have grounds
for a legal action but you may have to pay for it. Regardless of this, if you wish to complain,
or have any concerns about any aspect of the way you have been approached or treated
during the course of this study, the normal National Health Service complaints mechanisms
should be available to you.

13. Will my taking part in this study be kept confidential?

All information which is collected about you during the course of the research will be kept
strictly confidential. Any information about you which leaves the hospital/surgery will have
your name and address removed so that you cannot be recognised from it.

14. What will happen to the results of the research study?

The results of the research study will be presented to you and hospital staff. They will be also
presented at the national or international scientific meetings and published in journals.
15.Who is organising and funding the research?

The research is organised by the Newham General Hospital and the Institute of Brain
Chemistry and Human Nutrition, London Metropolitan University, and funded by the
European Union, Foyle Foundation, Mother and Child Foundation.

study please conta

Ao, . Website: www.newhamuniversityhospital.nhs.uk Minicom: 020 7363 8790

ém i Chairman: Michael Smith  Chief Executive: Kathy Watkins
Uspy®
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Newham University Hospital

NHS Trust
Research Plan
Post-
partum 15
28 weeks 32weeks  Delivery 6 weeks months
'y 'y i Y A
OGTT* I

Interventign

Type2 || e | @

« Non-diabetic Intervention
Ends.

i Recruitment
+« GDM

IS testt

OGTT*; Oral Glucose Tolerance Test, All non-diabetic women recruited during 1= trimester will be
screened for gestational diabetes.

GDM = Gestational diabetes

IS testt; Women with GDM, supplemented/unsupplemented, will undergo insulin sensifivity (IS) test at
6 weeks postpartum. :

Griffith's Developmental test will be conducted at 15 months of age.

You will be given a copy of the information sheet and a signed consent form to keep.

Website: www.newhamuniversityhospital.nhs.uk Minicom: 020 7363 8790

Suheo,
%"/gﬁ” Chairman: Michael Smith  Chief Executive: Kathy Watkins

Uspp®

Page 4 of 4

312



Appendix 3.6

“Newham University Hospital |

NHS Trust

Centre Number

Study Number

Patient Identification Number for this trial

Title of Project Dietary fish oil supplementation to improve maternal and foetal -
nutritional status in diabetic pregnancy

‘Principal Investigator Professor Ovrang Djahanbakhch

Other Investigators " Professor Michael Crawford, Professor Kebreab Ghebremeskel,

- ) - Dr Yoeju Min, Ms Joanne Hutchinson

Please tick box

1. I confirm that I have read and understand the information sheet )
dated (version 2006-1) for the above study and have had the opportunity to ask
questions.

2. I understand that my participation is voluntary and that I am free to withdraw at
any time, without giving any reason, without my medical care or legal rights
being affected.

3. I understand that sections of any of my medical notes may be looked at by
responsible individuals from [company name] or from regulatory authorities
where it'is relevant to my taking part in research. I give permlsswn for these
individuals to have access to my records.

4. 1 agree to take part in the above study.

Name of Patient Date Signature

Name of Person taking consent Date Signature
(if different from researcher)

Researcher Date _ Signature

1 for patient; 1 for researcher; 1 to be kept with hospital notes

\s ‘% Website: www.newhamuniversityhospital.nhs.uk Minicom: 020 7363 8790
] Chairman: Michael Smith  Chief Executive: Kathy Watkins

0/“ |\"§
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Appendix 3.7

s DEMOGRAPHIC & CLINICAL RECOR DS

Hospital Reference No.:...
Datr of 1% Booking: ... (dd) ...... (mm) ... (yyyy) Date of Enrolment: ...... (dd) ... (mm) ......... (yyyy)

Name Of CONSUIANT: .. e e er e b st s et sa st s s sa et ans s base sennnen

Status: Normal D Type 1 D Typa 2 D GDM D SupplementType:AD BD

AGAIESS ...ttt et b e e R A SRR SR R bbb st erant e
L00eT 1 Lo G < OO ST R PO PUPOROO
DOB: ...t (dd) ...... (mm) ... (yyyy) ABE ittt
Racial Origin: .....ccecreianecre e Partners Racial Origin: ......ccccoveveueiiemcnceeneenscnrnneenens
Marital Status: Single D Married [:] Living with partner D
Smoking: Self: YESD NOD Ex-smoker D Partner: YESD NOD Ex-smokerD
If YES how many cigarettes per day: Self ..........ccoconeenne. Partner ....ccccvvnenviinennne
Education: Self: GCSE D A LevelD Higher educationD Non D
Partner: GCSE D Alevel[ | Higher educationD Non[_]
Occupation: Self: i Partner: ...
Was this pregnancy planned? YES [:] NO D
Contraception: Combined pill D Progestogen-only pill D Contraceptive injections [____I
Male & female condoms [:] Contraceptive implantD Contraceptive patch D
Diaphragm & caps l:i Intrauterine device D Natural Family Planning D
None D
Type 1 Diabetes: Maternal father D Maternal mother D Maternal siblings E]
Paternal father D Paternal mother D Paternal siblings D
Type 1 Diabetes: Maternal father L__] Maternal mother D Maternal siblings D
Paternal father D Paternal mother D Paternal siblings [:l

Version 1: 12.09.07 Created by Dr. Y. Min Approved by Professor O. Djahanbakhch
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e DEMOGRAPHIC & CLINICAL RECORDS iy

PREVIOUS PREGNANCY
Pre-pregnancy weight: ...........(kg) Height: ............. (m) Body mass index (Wt./H) ...............
Number of previous pregnancies: ........c..ceecncnneneseneesnnens Parity: .o
Offspring: -

[ Date Gestation age (weeks) | Gender Birthweight (gram) Complications?

Complications: - YES NO YES NO
Pregnancy induced hypertension L—_[ D Low birthweight. D D
Preeclampsia D D Small for gestation age D D
Gestational diabetes D D Preterm Delivery D D
Postnatal depression D D Miscarriage D D
Other e b s
DRUG HISTORY YES NO YES NO
Alcohol abuse D D Antacid [:] D
Recreational drug abuse ] [ ] Antibiotics U Cl
Hard drug abuse D D Antidepressant [:] D
Diuretics D D Analgesics D D
Antihypertensive agents [1 [ steroids OO O
DIET HISTORY YES NO YES NO
Anorexia Nervosa D D Fad diet D D
Excessive food intake D D Vegetarian D D
Bulima D D Vegan l:l D

Version 1: 12.09.07 Created by Dr. Y. Min Approved by Professor O. Djahanbakhch
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Eassssssseeeeeeeeeesssssssssssnn D CMOGRAPHIC & CLINICAL RECOR DS

Other
MANAGEMENT OF PREGESTATIONAL DIABETES (This section is for pregestational Type 1 & Type 2 diabetes)
Type 1 diabetes D Type 1 diabetes D

Diagnosed iN ......coeeeerrereraneeneemenrereereernenes (yyyy) > (years old)

Treatment: ) Diet only D Hypoglycaemic drug D Insulin D

If you are on Hypoglycaemic drug: Type of drug......c.cecovcevvenec. Dose per day ....ccceoveeivnnneneennen
If you are on Insulin: Type of Insulin .........cccvvivinciicinncieene Dose per day ....cccoeenecccnecnicorannans

Diabetes related Complications.  Nephropathy I:I Retinopathy I:I Vasculopathy D

GLUCOSE TOLERANCE TEST
Date: ............ (dd) .......... {mm) .......... (yyyy) Gestation weeks: ......c.cceererreereene (WKS) e (d)
Random Plasma Glucose Plasma Glucose at 0 min HbA Fructosamine
Glucose

Version 1: 12.09.07 Created by Dr. Y. Min Approved by Professor O. Djahanbakhch
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. DEMOGRAPHIC & CLINICAL RECORDS

BIOCHEMICAL AND CLINICAL ASSESMENT

15 Trimester 37 Trimester Post delivery

(< 15 weeks) (28-32 weeks)

Date (dd/mm/yy)

Gestation week

Weight (kg)

Blood pressure (Systolic/Diastolic)

Haemoglobin

Random glucose (%)

HbAlc (%)

Fructosamine at 1 visit

Insulin type

Insulin dose

Hypoglycaemic agent type

Hypoglycaemic agent dose

Minor Hypoglycaemic episode

Major Hypoglycaemic episode

Major Hypoglycaemic episode

Major Hypoglycaemic episode

Urinary protein

Anaemia

Version 1: 12.09.07 Created by Dr. Y. Min Approved by Professor O. Djahanbakhch
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R DEMOGRAPHIC & CLINICAL RECORDS

PREGNANCY OUTCOME
Date: ............ (dd) .......... (mMm) e (yyyy) Gestation weeks: ......covurrvirennnnne (WKS) ceerrereeirccreniernenas (d)
Delivery mode: Spontaneous E] Induction D Episiotomy D ForcepsD

Vacuum extraction D Elective Caesarean D Emergency Caesarean D
Reason for Elective/Emergency Caesarean Section

NEONTATE'S RECORD

Hospital Reference NO: ......cccovvrenecrenreniecnrenene NamMe: ..o

Gender: Male D Female D

Preterm (<37gestation weeks) D Small for gestational age [_—_] Low birth weight(<2500g) D

Very low birth weight (<1500g) D Hypoglycaemia D Macrosomia D

Respiratory distress syndrome D Shoulder Dystocia D Intrauterine growth restriction D

Congenial Malformation L__-] .............................................................................................................................

Placental weight ......c.ccocovmenrnreinnns (gram)  ObSErVation.....c.cec oo ens

APGAR score at 10 min ....... e eteetreaeash et eeR R er oA s b e ER LS AR SRR eR AR SRR SRR R R e R SR E SR R ek b et b ehetne e et e bes
Measurement Centile

Birth weight (gram)

Length (cm)

Head circumference (cm)

Shoulder circumference (cm)

Mid arm circumference {cm)

Abdominal circumference (cm)

Fat mass

Version 1: 12.09.07 Created by Dr. Y. Min Approved by Professor O. Djahanbakhch
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Appendix 3.8

FOSIP QUESTIONMAIRE PartigpantUIMN: __
Flzzse fick 25 sppropasfe: Gestations] sge EDD by scan:

Date 1° masting: Support

Follcrw-up mesting: Supipoirt:

o = = 1= = PP
s o AT M e e e e et e e e
Study growp: GOM: :l Typs OM: |:| Heaslthy contral: |:|

AN GETT result: Dmin.... . 120mins........ PH SGTT reswh: Dmin. ... 120mins..........
DOB: ... Religion:.................. Countryofbirth:. ...
Housing: Owner Private Rent  Council Temp Living with relatives
Patient's cccupation....................... Partner's ocoupation. ...

Smoking status: Never 5rn::ul-:=_~:1:| Emoksr |:| Ex-smoksr |:|
Ethnicity: AlWhites [ |  Afro-Caribbean [ ]  Asians [

LanmQuame:. ..o e e Health Advocate: ...
Gravida: Parity:
Height{em):. ... Weight (kpsh............. BMI(kpdmZ). .
Chronic medical problems: Yes |:| Mo |:|

IFyes, remord: ..

Pregnancy complications: Naons |:| Maternal |:| F-:e1&|.'l'»l=_-.':ra1aI|:|
IUGR by 5-:ar|:| Big baby by 5-:ar|:| Congenital abnormality |:|

Malpres=ntation |:| FIH, Pre-eclampsia or Eclampsa |:|

Presumed foetal compromise |:| Other |:|
Diabetes management: On recruitmant |:| Pre-delivary |:|
HEA1c: On recruitment |:| Pre-delivery |:|
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Imduction of labour:  ¥as |:| Mo |:|

Indications for [CL: Fostdstes I:l Disbstes relsted I:l
Preamatwrs [Prolonged Rupture of membranes |:|
Hypartension, FIH, Pre-=clampsia or Ec lampsia.lzl
Fostsl Reasons| | :'1I'ar|:|
Mode of delivery: K“a-;irﬂ[l Instrumentzl I:l Cassansan aa-.':ﬂ::-ll:l
Resson for assisted delivery/ CassamEaM e e e e e
Birth maturity (weeks): Exremely Praterm (<28) [ | Very Praterm (258-31) [ |
Modersts Praterm {E-E—E-E-]D Term {E-'-’-ﬂ}[l Post-maturity {‘.'24']D

Birth outcome: Fullierm birh| | Pretermbinth [ | Stilbirtn [

heonatal death I:l I.-1i5-'.:.irria-;a|:|

Birth Weight: ... grams  Apgar: Tmin...... Smins...... 10mins........

Admission to SCBU: Yes I:l Mo |:|

Reasons for admission to SCEL:
Hypog h.--:aarni;D Respiratory Distress Synd r-'.:urn5|:|
Prematurity I:l Poor fesdinglJ aundics I:l
Abnormality I:l Sws pected Infection |:|
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Appendix 3.10

—

Newham University Hospital [iligh

BEHS Trast
Professor Djahanbakhch Research & Development Office,
Women’s & Family Health Clo Academic Centre,
NUHT NEWHAM GENERAL HOSPITAL
Glen Road, Plaistow,
E13 8SL.
h . . Tel: 0207 363 8923 / 9266 Direct Line
26" April 2007 Fax 020 7363 9463 external (3483 internal)
Email j i

a
Dr Shanti Vijayaraghavan, Director of Research &
Development (R&D).
Dr Joanne Morris, R&D Manager.
Mrs Yvonne Nicholas, R&D Co-ordinator

Dear Ovrang,

Re:  Dietary fish oil supplementation to improve maternal and foetal nutritional
status in diabetic pregnancy. Sponsar: European Union Framework Programme 6.

Thank you for providing us with information concerning the above study. This letter is to
confirm that the Trust has approved the study and, is providing indemnity to cover the
invoivement of Newham University Hospital NHS Trust staff. The approval is provided on the
understanding that the ‘European Commission’ has agreed to act as sponsor, as set out
in the Research Governance Framework and has ensured adequate overall indemnity and
monitoring arrangements. In addition, as the lead investigator for the study at Newham, you
must ensure adherence to the ethically approved study protocol and responsibilities outlined
in the ‘Research Governance Framework for Health and Social Care’, 2" Edition, DH April
2005 ({please see the attached summary of responsibilities; full document available from:

: h.go i idance/ResearchAnd t/] [ AZ

searchGovernance/fs/en )

Please inform us if your project is amended and you need to re-submit it to the ethics
committee and when the project terminates. This is necessary to ensure that your
approval and indemnity are valid and also helps the office to maintain up to date records.
Should any untoward events or incidents occur then it is essential that you immediately
contact the Trust Risk Management Team (020 7363 8507 / 8417) and the R & D Office at
Newham. We would also ask that you keep us informed of any publications or final reports
that are produced as a result of the research.

Please do not hesitate to contact either Dr. Joanne Morris (R&D Manager) on 020 7363 8923
or myself on 020 7363 8001 if you have any further questions.

With best wishes for the study,

W
Dr Shanti Vijayaraghavan,
Director of R&D

Ce Professor Michael Crawford, Institute of Brain Chemistry and Human Nutrition.
Jane Ely, Director of Women’s and Family Health, Diane Jones, Head of Midwifery,
Dr Essam Elmahdi, Clinical Fellow, Obs & Gynae, NUHT.
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Notice of Substantial Amendment (non-CTIMPs) 1

24 July 2008

Covering Letter

01 August 2008

Membership of the Committee

The members of the Committee who were present at the meeting are listed on the attached

sheet.

Statement of compliance

The Committee is constituted in accordance with the Governance Arrangements for
Research Ethics Committees (July 2001) and complies fully with the Standard Operating

Procedures for Research Ethics Committees in the UK.

l 06/Q0605/89: Please quote this number on all correspondence

Y sincerely

SV

\ ;
Mi§§ Sandra Burke
Committee Co-ordinator

E-mail: sandra.burke@thpct.nhs.uk

Enclosures List of names and professions of members who were present at the

meeting and those who submitted written comments

Copy to: Dr Joanne Morris, Newham University Hospital NHS Trust

An advisory committee to London Strategic Health Authority
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Appendix 3.11

i | Newham University Hospital
e NHS Trust

Research & Dovolcpmom Office,
Clo Academic Centre,

NEWHAM GENERAL HOSPITAL
Glen Road, Plaistow,

E13 8SL.

Tel: 0207 363 8923 / 6266 Direct Line
Fax 020 7363 9463 external (3463 internal)

Email

Yvonne,nicholas@newhamheaith.nhs.uk
shantl.viavaraghavan@newhamhealth.nhs.uk
Drsmmivuaymohavan Director of Research &

&D).
DrJoannoMorrb.R&DMmacor
Mrs Yvonne Nicholas, R&D Co-ordinator

ation to improve maternal and foetal nutritional
mmney Sponsor: European Union Framework Programme 8.

Winfomaﬁonconwnmmmsmdy This letter is to

the study and, is providing indemnity to cover the
Hospital NHS Trust staff. The approval is provided on the
Commission’ has agreed to act as sponsor, as set out
rk and has ensured adequate overall indemnity and

lly approved study protocol and responsibilities outlined
 Framework for Health and Sccial Care’, 2™ Edition, DH April
. mpomihihﬂes full doeument avanlable from:

rchAndDevelopment/ResearchAndDevelopmentAL/Re

,‘ndpomeam«mmmmmtommom
nts occur then it is essential that you immediately

Morris (R&D Manager) on 020 7363 8923
questions.

nd Human Nutrition.
s, Head of Midwifery,
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Appendix 3.12

Newham University Hospital NHS)

NHS Trast

DISPENSING OF SUPPLEMENTS PROTOCOL

The Fish Dils Supplementation in Pregnancy (FOSIP) Study

This study is to investinate whether dietary fatty scids [Omegs 3 and Omegs §
supplementation during pregnancy improves matemal and neonatsl membrane fatty
gcids status. Inclusion crters:_women h Type 1 DM, Type 2 DM and Gestationsa
digbetes (GOM) and heslthy controls.

Prncipal Investigator: Professor Djshanbakhch

Dispensing Procedure:

Supplemants needs to be dispensad as follows:-

[a) Any woman who has gestational diabetes needs to be given up to bottles x
3 of supplements with the same code [anly 3 bottles available for this

(b} Any woman who has Type 1 and Type 2 diabetes or from the 'control

greyp’ needsto be given up to bottles x 7 of supplements with the same
code (7 bottles available for these groups).

1. Prescription needs to be written on the ‘pink sutpatient’s prescription form’
and 'FOSIP study’ and “patient’s recuitrent number’ are to be cleardy written
at the top of the form.

2. Depending on the group that the patientisin, thatis, Type 1 disbetes, Control
group etc., select the comect bottle of supplemants.

3. Afterselecting the bottles of supplement needead, affoc Mewham University
Hospital MHS Trust phamnaoy sticker.

4. Then wrte on patient's name, D.0.B., study numberand date of ssue.
£. Complete and sign the 'dispensing of medication record sheet’,

iG. File the onginal copy of the prescrption form in the woman's buff folderand
the duplicate in the patient's study file.
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Appendix 3.13

Patient information

Healthy Eating for Dlabetes
and Pregnancy

Nutrition and Dietetics Department

Notes:

Name:
Date:
Dietitian:

Contact Number:

Hospital site:
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What Causes Diabetes in Pregnancy?

Diabetes is a condition where the body is not making enough
insulin or the body is less responsive to insulin. Insulin is a
hormone that helps to keep blood glucose (often called
blood sugar) at normal levels.

When your body cannot make enough insulin your blood
glucose levels can rise. As your baby develops and grows, the
amount of insulin your body needs increases.

If your blood glucose levels stay high this may cause problems
for you and your baby.

Following the Diabetes and Pregnancy Healthy Diet and
lifestyle advice can help keep your blood glucose within the
normal range. .

This diet sheet is designed for people who have pre-existing
diabetes and those who develop diabetes during pregnancy.
Diabetes developed in pregnancy is called gestational -
diabetes.

Gestational diabetes is a type of diabetes which affects
pregnant women, usually in their second or third trimester. This
generally goes away after giving birth. However, there is an
increased risk of developing type 2 diabetes later in life.
Maintaining a healthy lifestyle is therefore important to reduce

this risk.
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An Introduction to Carbohydrates

Which Foods and Drinks Affect Blood Glucose Levels?
All carbohydrates affect your blood glucose levels. When you eat
these foods, your body digests and breaks them down into
glucose that is then released into your bioodstream to be used for
energy. Carbohydrates are present in a number of foods and
drinks:
¢ Starchy foods such as rice, pasta, noodles, bread, oats,
breakfast cereals, starchy vegetables such as potatoes, yam,
cassava or plantain, and all food made with flour or grains such
as chapattis, rotis and parathas.

. Sugér or foods and drinks containing sugar such as
sweets, cakes, chocolates, biscuits, fizzy drinks, ice-cream and
desserts.

¢ Fruit contains a natural sugar called fructose.
¢ Milk & Dairy foods contain a natural sugar called lactose.

- ltis important to eat a’variety of food groups to make sure you and
- your baby are getting the vitamins, minerals and nutrients you
both need. ' ~

The Eatwell Guide, on page 4, shows the proportions of each food
group the general population needs for a balanced diet. Your
carbohydrate intake may need to be altered during your
pregnancy to manage your blood glucose levels as too much
carbohydrate can lead to high blood glucose levels.

It is not safe to over-restrict carbohydrate intake in pregnancy as
this can cause problems to your baby. Your dietitian can assist
you with your portion sizes. If your blood glucose levels rise whilst
you are eating the recommended amount of carbohydrates, this is
- a sign that you need some extra treatment to help your diabetes.

3
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Meals and Snacks

o Eat three regular meals per day, with snacks if hungry. Each
meal should be spread throughout the day and should contain
a similar amount of starchy foods.

Eat plenty of vegetables.

Fruits will affect your blood glucose levels but also provide a
variety of vitamins, minerals, and fibre that are important for
you and your baby’s health. It is therefore important to include
fruit in your diet. To limit fruit's affect on your blood glucose,
spread your fruit intake across the day and have only one

portion of fruit at a time.

Snack Ideas

Snacks can be taken if you are hungry. They can be taken 2
hours after meals, up to 3 times a day between meals.

Snacks that will affect blood
glucose

Snacks that will not affect :
blood glucose "

| * One piece of fruit -

e One digestive biscuit

e Two rich tea biscuits/
crackers/oatcakes

¢ One slice of bread/ toast with

two teaspoons natural peanut

butter/Marmite ™/low fat
cheese

¢ One small pot of low fat
natural or ‘diet’ yoghurt

¢ One handful of cherry

tomatoes

20g non-sweet poptorn

30g Bombay mix

One glass of milk

One medium pakora/samosa

One small (3 - 4inches) corn

on the cob

e Vegetable sticks, e.g.
carrots, cucumber,
_peppers

Avocado

Houmous

Cream cheese

One hard boiled egg
One small handful of
nuts/seeds

One or two thin slices of
cheese, preferably low fat
1009 cottage cheese
Olives

Gherkins

Cooked meat, e.g.
chicken pieces

o Sugar-free jelly
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%2 pitta bread

2-3 tablespoons rice (basmati/easy
cook/brown), pasta, couscous, noodles or
mashed potato

2 new potatoes or half a baked potato

%2 inch slice of yam or cassava

¥ of a large plantain or green banana

1 egg size piece of Fufu or maize-meal

2-3 crispbreads or crackers

3 tablespoons of breakfast cereal

1 Weetabix™ or Shredded Wheat™

- %2 sachet of instant oats or 3 tablespoons of
uncooked oats _

1 corn on the cob / 3 tablespoons tinned corn
kernels

Breakfast cereals

Best Cereal Choices:

Weetabix™, Shredded <<smmﬁ_<_ Plain Porridge
(non |m<<mmc All Bran™, Bran Flakes™

Cereals to Avoid:

Rice Krispies™, 00_,3_mxmm2 Frosties™,
Crunchy Nut™, Coco Pops™, Honey Loops™
Cheerios™ (plain), or any sugar or honey
coated cereals

cucumber, radishes

3 heaped tablespoons of cooked vegetables,
e.g. sprouts, carrots, spinach, broccoli,
pumpkin, cabbage

2 broccoli/cauliflower spears

Fruit

2-3 portions per day*

Examples of 1 portion:

*Only eat one portion of fruit at a time and
spread portions out across the day

1 medium apple, pear or orange

2 small plums, apricots, or kiwis

1 small or half a large banana

Half a mango or grapefruit

5¢cm slice of melon

1 slice of pineapple -

1 heaped tablespoon dried fruit

1 handful of strawberries, cherries or grapes
Limit fruit juice to maximum of 125ml per day

v ldVITopPUUTNIO VUl Ullal;, DTeallo VI _m:=_m

2 eggs

4 tablespoons of wo<m>oe\<m@mﬁmc_m bas
meat alternative

1 tablespoon of nuts

Milk and dairy products

2 - 3 portions per day

Examples of 1 portion:

1 glass (200ml) milk — semi skimmed or
skimmed cows milk/ calcium fortified soy.
almond, or rice milk

1 small pot low fat natural or ‘diet’ yoghur
(120 - 150g)

2 thin slices / 1 small matchbox size piec
fat cheese (40 — 45¢q)

2 tablespoons of cottage cheese




Foods to Avoid or Limit.

Foods and drinks high in fat and sugar offer little nutritional
value and can lead to excess weight gain.

Foods high in sugar may cause your blood glucose to rise
quickly. ‘ '

Try to limit salt in your food, as taking too much salt can
increase your blood pressure. V

Ways to limit added sugars

Avoid adding sugar or honey to food and drinks such as tea
and coffee.

If you do not like drinks without sugar, try an artificial
sweetener such as Canderel™ or Splenda™, or a plant-
based sweetener such as Stevia. When used in small
amounts, they have no significant effect on your blood glucose
levels.

Avoid ordinary squash and fizzy drinks — use ‘diet’ or ‘no added
sugar’ varieties or choose water or low fat milk instead.

Avoid chocolate, sweets, and sweet desserts.

Have plain biscuits (e.g. digestive or rich tea) or savoury
crackers instead of chocolate or cream varieties.

Ways to limit foods high in fat

¢ O o o

Spread butter and margarine thinly
Avoid deep fried foods, crisps, pastries
Remove fat or skin on meat and chicken
Limit the fat or oil used in cooking

Drinks high in caffeine

High caffeine consumption has been linked to low birth weight
babies. Try to have less than 200mg caffeine per day.
Caffeine content of common drinks: '

1cupoftea-75mg » 250mli can energy drink - 80mg
330ml can of cola - 40mg + 50g bar plain chocolate - 50mg
1 mug of filter coffee - 140mg

1 mug of instant coffee - 100mg

8
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Weight Gain in Pregnancy
The amount of weight a woman will gain during pregnancy can
vary. Only some weight gain is due to increased body fat. The
baby, placenta, amniotic fluid, and increases in maternal blood
and fluid volume all contribute.

The amount of safe weight gain in pregnancy véries according to
your body mass index at the start of your pregnancy. Your doctors
and midwives will advise you on safe weight targets in pregnancy.

Physical Actlwty and Exercise
- Physical activity can be helpful in managing blood glucose levels
and keeping your diabetes under control.

Regular physical activity increases the amount of glucose used by
your muscles for energy, so it usually lowers blood glucose levels.
It can also help reduce the amount of insulin you need by helping
your body use insulin more efficiently.

The general advice for adults is to do 150 minutes of moderate-
- intensity physical activity each week. For example, going for a 20
- 30 minute walk every day can help to lower your blood glucose
levels. If you were regularly active before your pregnancy,
continue your pre- pregnancy activity but please discuss this W|th
your midwife.

334



Foods to Avoid in Pregnancy

Some foods need to be avoided during pregnancy due to the risk
of harm to yourself and your baby. You should avoid:

Mould ripened and blue For example Brie, Camembert

: e the y : ~are-

eggs - solid and avoid any dishes
; e ‘containing raw egg. :

Except for British Lion Provided eggs are. produced '

Code Eggs ~under the British Lion Code, they
‘) -~ are considered very low risk and
'safe to eat raw or partially cooked

Raw shellfish and some:  Avoid shark, swordfish and marhn‘
types of fish “ - com Ietel‘

Note: you can eat peanuts during pregnévncy unless you have a
nut allergy

Preparing Foods

» Wash your hands before preparing food and wash your hands
surfaces and utensils after preparing raw meat.

*  Wash fruit, vegetables and salads to remove all traces of soil.

10
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