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Summary

The global incidence ofype 2 Diabetes MellitusT@DM) is increasing rapidlyMany
people withimpaired fasting glucosdRG) or impaired glucose tolerancé&T) will
however not progress to T2DM but appear to spontaneous tevadrmal glucose
homeostasisothers however wilprogress slowlyand in some caseasapidly progress
towards diabetesTherapeutic interventions will reduce the risk, or at least the pace, of
deterioration from IFG and IGT to TAD However, inorder totarget interventions
appropriatelyto prevent progigsion in those at greatest rikther information as to
which individuals are most likely to progress is needed. There is a variable rate of
progression from either IFG, 1G@r combined IFG and IGT to T2DMnd in general,
progression rates are | owest i n trhies kgoe n
growp. Age, body mass indexBMI), fasting and 2 hour plasma glucose concentrations,
elevated fasting prmsulin, low 2hour insulin and fasting triglyceride levels&nown

to be associated with agreater risk of progressiomnd in order to maintain
normoglycemia, dequate quantitative and qualitative morAeysmoment pancreatic
betacell secretion and action is essential marker of deteriorating carbohydrate
homeosgasis would be increased fluetions in blood glucose levels awdntinuous
glucose monitoring@GM) is an ideal method to look at just thishe use ofCGM to
quantify the fluctuations vegproposedo assess whether CGM can help identify people
with abnamal glucose tolerancthat progress to T2DM In this study, CGM profiles
inspectedby eyefor variability appeared to correlate well with mathematically devised
CGM parameterbased on CGM data, both at baseline and at Yddowever, neither
the subject CGM profiles nor the CGM parameteet baselinewere significant in
predictingprogression to diabeté¥2DM) at Year 1 or Year #om a pre diabetic state

at baselineHowever,when one lookedt progression from pre diabetes to diabetes,
with regard toCGM profiles andCGM parameters, the interval period betwstdy
baseline and Year 1 appeared to be when most variatglncose levelgccurred this

was especially the case for those subjects with IFG, comparedbjexts with IGT or
IFG+IGT mix, respectively.This effect was diluted at Year 3 and not observad.
conclusion, this studglemonstrated that CGM didot predict progression from pre
diabetes to diabet¢32DM), butdid however, correlate well by eye with mathematical
assessments modelstbeé same CGM datand identify an at risk IFG group that could

be targeted at baseline with more intensive therapy.
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1.0 Introduction

The term diabetes mellitus (DM) describes a metabolic disorder with heterogeneous
aetiologies which is characterized by chronic hyperglycaemia and disturbances of
carbolydrate,fat and protein metabolism. It consists of an arrayigie 2 Diabées
Mellitus: Practice Essentials, Background, Pathophysiology [Internet]. [cited 2016 Apr
7]) (1). Bearing in mind this study was initiated in 2009, the outcome indicator in this
study wasType 2 diabetes mellitus (T2DM), which svdiagnosedising the criteria set

by the World Health OrganisatiofWWHO) (2006) (2). In this document, th&VHO
published its guidelines on definition and diagnosis of diabetes mellitus and
intermediate hyperglycaemitn this guideline doument, T2DM is diagnosedhen a
person is found to have symptoms of diabetes (polyuria, polydipsia and unexplained
weight lossfor Type 1 Dabetes(T1DM)) plus a fasting plasma glucose concentration

of O7.0 mmol /1l or a randormatvieonno u®1 ap.l1a smm
described by Albertet al (1998)(3) or two hour plasma glucose concentratidii.l

mmol/l two hours after 75g anhydrous glucose in an oral glucose tolerance test (OGTT).
Thesevalues are based on evidence which suggests the risk of complications increases
significantly amongst people with plasma glucose levels consistently above these levels
as described by Gabat al (2000) (4). Fasting and pogirandial (or random) plasma
glucose levels broadly follow a normal distribution in the general popujaten
described by Limet al (2000) (5) and the praliabetes da&gories of impaired fasting
glycaemia (IFG)/ impaired glucose tolerance (IGT) stated below are an attempt to

recognise this.

IFG: fasting glucose >6.1 mmol/l

IGT: fasting glucose <7 mmol/l; 2 hour pedtallenge 7.8.1.1 mmol/|

IFG and IGT are notlinical entities in their own right, but rather risk categories for
cardiovascular disease and/or future diabetes. IFG has been introduced to classify
individuals who have fasting glucose values above the normal range but below those
diagnostic of diabetewhile IGT is a stage of impaired glucose regulation. IFG and IGT
define individuals who may develop progressive deterioration in glucose homeostasis,
leading to frank T2DMas described by Albenrtt al (1996)(6). Many people with IFG

or IGT will not progress to T2DM but appear to spontaneous revert to noasal
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described by Riccardit al (1985) (7). Others may progress only very slowly, whereas
in sone cases the progression may be ragsddescribed by Ferranngtial (2004)(8).

1.1 Pathophysiology

T2DM is characterizedby the combination of peripheral insulin resistance and
inadequate insulin secretion by pancreatic beta cells. Insulin resistamnch has been
attributed to elevated levels of free fatty acids andipilammatory cytokines in
plasmaleads to decreasaglucose transport into muscle cells, elevated hepatic glucose
production and increasddt breakdownlIn T2DM, the reciprocal relationship between

the glucagonsecreting alpha cell and the insulsecreting beta cell is lost, resulting in
hyperglucagormaia and consequentially hyperglycaemés described by Unger and
Orchi (2010)(9). Beta cell dysfunction is a major factor across the spectrum ef pre
diabetes to diabetes, with beta cell dysfunctioppeaing early in the pathological
process and not necessarily following the stage of insulin resistance. In the progression
from normal glucose tolerance to abnormal glucose tolerance, postprandial blood
glucose levels increase first; eventually, fastiggdrglycemia develops as suppression

of hepatic gluconeogenesis fails. During the induction of insulin resistance, such as is
seen after higlcalorie diet, increased glucagon levels and increased ghdepsmdent
insulinotropic polypeptide (GIP) levels @mpany glucose intolerance; however,
postprandial glucagon like peptide(GLP-1) response is unaltereds described by
Hansenet al (2011) (10). Genome wide association studies of singheicleotide
polymorphisms (SNPs) have also identified a number of genetic variants that are
associated with beteell function and insulin resistance. Some of these SNPs have been
shown to ncrease the risk for T2DMas described by Billings and Florez (20(D).).

As patients with T2DM retain the ability t@sete some endogenous insuthiey are

not absoltely dependent upon insulin for life, however many patients with T2idlM

ultimately requiransulin (Figurel).
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Figure 1: Pathophysiolog/ of T2DM

-The pathophysiology of T2DM is illustrated in the above diagram. It is characterised by a combination of peripheral
insulin resistance and inadequate insulin secretion by pancreatic beta cells

1.2 Aetiology

T2DM develops when a diabetogenifesityle {.e. excessive caloric intake, inadequate
caloric expenditure, obesity) is superimposed upon a susceptible gerastygescribed

in Type 2 Diabetes Mellitus: Practice Essentials, Background, Pathophysiology
[Internet]. [cited 2016 Apr 7](1). When testing for ZDM and prediabetes in
asynptomatic individuals, ZDM screening should be performed in adults of any age
who are overweight or obese, and who have one or more diabetic risk .fddters
major risk factors for T2DM are the followin@s described in the American Diabetes
Association(ADA) Guidelines (2016§12):

Age greater than 45 years
Physical inactivity.

Family history of BDM in a firstdegree relative (eg, parent or sibling)

= =a 4 -2

High risk race or ethnicityAfrican-American, Lating Native American, Asian
American, Pacific Islandetescent.
History of previous IGT or IFG

Hypertension (>140/90 mm Hg) on treatment.
18



1 Dyslipidemia (highdensity lipopro¢in [HDL-C] cholesterol level < 3%ng/dL
and /or a triglyceride level > 20 mg/dL)

1 History of gestational diabetes mellitus (GDM) or of delivering a baby with a
birth weight of >9 Ib

1 Conditions associated with insuliesistance i.e glycystic ovarian syndrome
(PCOS) a weight greater than 120% of desirable body we{gkvere obesity)
or acanthosis nigricans
AHbAlc O5. 7%

1 A history of cardiovascular disease.

In addition, the body mass index (BMI) at which exceasght increases risk for
diabetes varies with different racial groupss described by Barnes (2018)3).
Hypertension and p#Bypertension are also associated with greater risk of developing
diabetes in whites compared with AfricAmericans as described by Weit al (2011)

(14).

1.3 Epidemiology

The global incidence of T2DM s increasing rapidly. At least 250 million people
currently have diabetes and this figure is likely to more than double to 366 million by
2030 unless appropriate action is takes described imype 2 Dabetes Mellitus:
Practice Essentials, Background, Pathophysiology [Internet]. [cited 2016 Af).7]

The top 10 countries, in numbers of people with diabetes, are currently India, China, the
United States, Indonesia, Japan, Pakistan, Russia, Brazil, Italy and Bangladesh. It is
anticipated that thergatest percentage increase in rates of diabetes will occur in Africa
over the next 20 years, as people adopt Western lifestyles, gain weight. In 2011, the
Centers for Disease Control and Prevention (CDC) estimated that nearly 26 million
Americans of all ges have diabetes (®%% being Type 2), a quarter of which are
unaware of this fagtas described in the Statistics Report (20(15). It is also
estimated that 79 million Americans have-giabetes, affecting 35% of adults aged 20
years and older. In 2014, the CDC reported that about 40% ofdd8ks will develop
diabetes, primarily T2DM in their lifetime and more than 50% of ethnic minorities will

be affected. These figures are higher than previous estimates and are due to the increase
in obesity as described by Gregg al (2014) and Lipscond (2014)16) (17).
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The prevalence of T2DM varies widely among various racial and ethnic groups. It is
more prevalent among Hispanics, Native Americans, Afrisarericans and Asians/
Pacific Islanders than inon Hispanic whitesas described ifiype 2 Diabetes Mellitus:
Practice Essentials, Background, Pathophysiology [Internet]. [cited 2016 A{).7]
With regard to age, T2DM occurs most commonly in adults aged 40 years or older, the
prevalence of the disease increasing with advancing agedescribedn Type 2
Diabetes Mellitus: Practice Essentials, Background, Pathophysiology [Internet]. [cited
2016 Apr 7] (1). However, more recently T2DM has also been observed to be
increasing in younger persons, particularly in highly susceptible racial and ethnic
groups and the obesas described iType 2 Diabetes Mellitus: Practice Essentials,
Background, Pathophysiology [Internet]. [cited 2016 Ap¢1j]

1.4 Morbidity and Mortality

Diabetes mellitus (DM)s one of the leading causeswbrld morbidity and mortality
because of its role in the development of cardiovascular, renal, neuropathictirzedd re
disease. In patients with T2DM, the United Kingdom Prospective Diabetes Study
(UKPDS) demonstrated an associatiathva raised microvascular risks described by
UKPDS (1998)(18), with other studies reporting ancreased macrovascular rjsks
described by Gabiet al (2000) and Lim et al (2000) (4) (5). This has an effect on
morbidity and premature mortality of patients with DM, with the prognosis being
strongly influenced by the degree of disease coranal risk factor managemerniko

date, sme studies have demonstrated early multifactorialintensive management
approach is key tonanaging patients with T2DM, in order to reduce the incidence of
microvascular as described by UKPDS (1998)8) and macrovascular eventas
described by Group: The Action to Control Cardiovascular Risk in Diabetes Study
(2008)(19).

Both IFG and IGT are considered to be a-ghabetic state, associated with insulin
resistance, increased risk of cardiovascular pathologyirecreased mortality (although

IGT is of lesser risk than IGT). Over 10 years, there is a 50% risk of IFG patients
progressing to overt diabetes. However, some newly identified IFG patients progress to
T2DM in less than three years an@T may precedel2DM by many years, as
discussed by Baret al (2007) (20). Results from studies by De Froneo al (2010)

(21), using frequently sampled intravenous glucose tolerance test (FSIVGTT), strongly

suggested that progressive b cell NGRil ur
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to IGT; Suzukiet al (2003) (22) also supported this view. Accordingly, targeted
pathophysiologic therapy based on oral OG¥efived measures of insulin s#ivity

a n dcellbfunction can be implemented in medical practice, which is associated with
marked improvement in glucose tolerance and reversion otlipgbetes to normal
glucose tolerance in more than 50% of patients Arneatal (2012) (23). In 2007,
Gillies et al (2007)(24) performed a systemic review and matelysis, of randomised
controlled trials that evaluated interventions to delay or prevent T2DM inidodils

with IGT. The conclusion from this analysis was that lifestyle and pharmacological
interventions reduce the rate of progression to T2DM in people withD@Qing IGT

and Diabetes Study also investigated subjects with IGT who were randomised to a
control group or one of three active treatment groups: diet only, exercise only or diet
plus exercise. After a 6 year follow up period, results demonstrated thealentions

were associated with a reduction in risk of developing diabetes by 31%, 46% and 42%,
respectively (Liet al 2008) (25). The Finnish Diabetes Prevention Study (DPS) also
showed that it was possible to achieve primary prevention of T2DM by changing
lifestyle (diet and exercise) in subjeetsth IGT (Tuomilehtoet al 2001) (26). When

The Diabetes Prevention Progra®PP) Research Group randomized over 3000
individuals with IFG ad IGT, to placebo, metformiror a lifestyle intervention
program, afte 2.8 years, the incidence of DRI was 11.0, 7.8 and 4.8 cases per 100
personyears, respectively (Knowlat al2002)(27); the DPP reduced the development

of T2DM by 31% and has been recommended by the ADA for treating high risk
individual with IGT. The WHO recommendatiomahysical exercise for adults in this
context is at least 150 minutes per week of modenatiensity aerobic physical activity,

or 75 minutes per week of vigoreustensity aerobic physical activity, or an equivalent
combination of moderate and vigoreustensity activity (WHO 2010)%28). These
studies demonstrate the potential to prevent T2DM in high risk indivicealacing the
conversion rate of IGT to T2DM, through lifestyle intervention, focusing on
achievement and maintenance of weight reduction by having a healthy diet and
increasing physical activity. In order to achieve this, it is important to tailor lifestyle
interventions within gtinct populations and withaeh health care encounter, patients
should be educated and encouraged to follow an appropriate managemeif@)]an.
IGT and diabetesan now be found in almost every population in the wenhd
therapeutic interventionsave been shown taeduce the risk, or at least tpace, of
deterioration from IFG and IGI0 T2DM, as describetly the Statistics Report (2014)

(15), Gregget al (2014)(16) and Lipscombe (201417).
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Epidemiological evidencesuggestshat without effective prevention anthe control
programmes discussed above, the burden of diabetes is likely to continue to increase
globally, as described by Griffiet al (2011) (31) and Albertiet al (2007) (32). The
consequence of this is an escalating financial healthcare burden with allocation of
healthcare resourcdsecoming increasingly difficultas described by Ferranniei al
(2004)(8), which will be achallenge in the current economic climaiderefore arly
identification of individuals at increased risk of developing T2DM is crucial. If
individuals at increaskrisk of developing T2DM can be identified early on, healthcare
interventions or lifestyle changes can be targeted approprialgiscussed abavie

order b target interventions to prevent progression in those at greatest risk, further
information asto which individuals are most likely to progress is needed. There is a
variable rate of progression from IFG an@T to T2DM and in general, progression
rates are | owest in the generias k p,oaprud @p
described by Gngp: The Action to Control Cardiovascul®isk in Diabetes Study
(2008)(19), Barret al (2007)(20), De Fronzcet al (2010)(21) and Suzuket al (2003)

(22). Age, BMI, fasting and 2 hour plasma glucose concentrations, elevated fasting pro
insulin, low 2hour insulin and fasting triglyceride levels are associated with a greater
risk of progressionas described by Albergt al (1996) and Goup: The Action to
Control Cardiovascular Risk in Diabetes Study (20@3)(19). Adequate momery-

momentinsulin secetion andaction being essential for glycaemic control.

1.5 Diagnostic Testing for Diabetes Mellitus

As discussed in section 1.02DM is diagnosedn clinical practice as per the WHO
definition (2006)(bearing in mind the start date of the studyiena person is found to
have a fasting plasma glucose O7.0as mmol
described by Albetet al (1998)(3). Prediabetes or intermediate diabetes is diagnosed
when IFG (fating glucose >6.1 mmol/l) or IGT (fasting glucose <7 mmol/l; 2 hour
postchallenge 7.811.1 mmol/l) occursAs a basic screening te€GTT is cheap and

fairly straightforward to perform, however it is performed during a single two hour
period, it is a no-physiological stimulus and individuals show day to day variability in

glucose tolerance.

In 2011,The World Health Organisation (WH@ublished a repoi37), which wa an
addendum to the diagstic criteria published in by WHO (2006)) and Alberti et al
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(1998 (3) and addressethe use of glycated haemoglobin (HbAlc) in diagnosing
diabetes mellitusThe WHO Consultation accepted that HbAlc dan used as
diagnostic test for diabetes. Ab A1 ¢ = 04 8s revomménten ad the cut off

point for diagnosingT2DM, but a value of less than that does not exclude diabetes
diagnosed using glucose testsHbhAlc = 4247 mmol/molcan also indicate people

with pre-diabeteswith aHbAlc =< 42 mnol/mol being classed as normal. The use of
HbAlc can be used as diagnostic test for diabetes condition that stringent quality
assurance tests are in place and assays are standardised to criteria aligned to the
international reference values, with nonditions present which preclude its accurate
measurementn patients without symptoms of diabetes the laboratory venous HbAlc
should be repeated. Ii¢ second sample is <48mmol/nioé person should be treated

as at high risk of diabetes and the tesiudth be repeated in 6 months or sooner if
symptoms developl'he benefits of using HbAlc for the diagnosis of DM are that it is a
simple test that can be performed at any time of the day, reflects average plasma glucose
over the previous eight to 12 weelks described by Nathat al (2007) (38), has less
biological variabilityand does not require any special preparation such as fasting. These
advantages have implications for early identification &nedtment which have been
strongly advocated in recent years. These properties have made it the preferred test for
assessing glycaemic control in people with diabétesvever, there are many situations
where HbA1c is not appropriate for diagnosis of diabeFor example, HbAlc is not
suitable in all children and young people, in patients of any age suspected of having
Type 1 diabetes mellitus (TLIDM) and in patients with symptoms of diabetes for less
than 2 months. It is also not suitable in patients @it kiabetes risk who are acutely ill

(e.g. those requiring hospital admission), patients taking medication that may cause
rapid glucose rise e.g. steroids, antipsychotics or patients with acute pancreatic damage,
including pancreatic surgery. Pregnancytlte presence of genetic, haematologic and
illnessrelated factors that influence HbAlc and its measurement (for example.
erythropoesis, altered haemoglobin glycation and erythrocyte destruction) also make
HbAlc an inappropriate diagnostic tool for DM diagrs.In addition, there are aspects

of the measurement of HbAlc that are problematic and the utility and convenience of
HbAlc compared with measures of plasma glucose for the diagnosis of diabetes needs
to be balanced against the fact that (i) in somentc@s it is unavailable and not well
enough standardized, despite being a recognized valuable tool in diabetes management;
(ii) it does not measure ddag-day variability in glucose per se, as it reflects average

plasma glucose over the previous eightoweeks (Nathaet al 2007) (38) and (iii)
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many people identified as having diabetes based on HbAlc will not have diabetes by

direct glucose measurement.

In 2016,the ADA published a set of diagnostiditeria for diabete§l2). There are four

criteria options for diabetes diagnosis:

(WDFPG O7.1®&6 mmol

(22 hr PG @ tluting DGTi'Mmo

@B)HbAlc O 48 mmol / mol *

4Random PG O011.1 mmol /| (i nm individual

hyperglycaemia crisis)

*In the absence of unequivocal hyperglycaemia, results to be confirmed by repeat

testing.

The ADA suggested that if there is no clear clinical diagnésisgpeat the same test
immediately using a new blood samplghe same test with same or similar results,
confirms thediagnosisand diagnosis is confirmed withffgrent tests above diagnosti
threshold. Dscordantresults from two separate tesexjuire a repeatest with a result
above diagnostic cut pointhe ADA also suggested thatreening for preliabetes can
be done using HbAlc, FGG or 2 hr PG after OGTT critdkiaen testing for ZDM
and prediabdes in asymptomatic individuald, the test is normal it should bepeagd

every 3 years.

This study was initiated in 2009 and used the WHO 2006 criteria for diabetes diagnosis
(2). If this study was being initiated in current times, tipemhaps the more modern
approach gccording to WHQ(2011) criteria] of using HbAlcasa diagnostic test for
diabetes would be us€d7). The use of HbAlas a diagnostic test for diabeteslso a
favoured option of the ADA(2016 (12). However, using HbAlc alone in initial
diabetes screening identifies approximately 20% fewer cases of diateatediagnosis
based on fasting and 2 hr postload glucose levels, as described byeWar{g011)

(39).

1.6 GlucoseBiomarkers - History

An attempt was made to identify anypiomarkers that predict progression from

abnormal glucose tolerante T2DM. Glycaemic control and beta cell function were
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further assessed in addition to the repeat OGTT. Glucose (fasting indi€ajioicose
homeostasis), HbAlc (intermediate term glycaemic control) and biomarkieesaocell
function, C-peptide and Insulin were assay@&rvel etal 2014)(40). A glutamic acid
decarboxylase autoantibody te&AD antibodytest) was also conducted to look for

T1DM or latent autoimmune diabetes of adlt&DA) in any of stud/ subjects.

The antigens recognised by these antibodies include insulin, glutamic acid
decarboxylase (GAD65 kDa isoform) and an islet cell antiger2 éx ICA-512. C-
peptide is a peptide composed of 31 amino aaits is produced from the pancreatic
beta cells during enzymatic cleavage of proinsulin. Proinsulin is the precurser of C
peptide and insulin, which are produced in equal amounts during enzymatic cleavage.
C-peptide has negligible extraction by the liveideconstant peripheral clearance.slt i
mainly excreted by the kidney, and its Hii#é is 3-4 times longer(20-30 v 35
minutes)than that dinsulin. It therefore circulates at concentrations approximately five
times higher than insulin in the systergicculation and catherefore be used to assess
endogenous insulin secretidoneset al (2013((41). Insulin is an anabolic hormone

that promotes glucose uptake, glycogenesis, lipogenesis, and protein synthesis of
skeletal muscle and tféissue through the tyrosine kinaszeptor pathway.nkulin is

the most important factor in the regulation of plasma glucose homeostasis, as it
counteracts glucagon and other catabolic hormbregsnephrine, glucocorticoid, and
growth hormone(42). Insulin resistance is a condition in which the bgapduces
insulin but does not use it effectively. When people have insulin resistance, glucose
builds up in the blood instead of being absorbed by the cells, leadiF@Pil or pre
diabetes. Insulin testing can be used to assidtaignosing early T2DMwhere there is

a relatively increased production of insulin with a concurrent increase in blood glucose
levels(43).

1.7 Continuous Glucose Monitoring Systems (CGMS)

To potentially diagnose and target interventions to prevent progression to DM in those
at greatest risk, further information as to which individuals are most likely to progress is
needed. Adequate momedmn-moment insulin secretion and action is esserfoal

glycaemic control and a marker of deteriorating carbohydrate homeostasis would be

increased fluctuations in blood glucose levels. Health care professionals are increasingly
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searching for tools to eval uat eeasytwaytor pa
optimize their diabetes management. CMGS in the form dPano E  al | ows j U
and provides an integrated measure of glucose monitoring. This is a small, discreet
device that measures 24 hour continuous glucose levels via a glucose sefisdr ap
transcutaneouslyF{gure2). CGM is mostly used by diabetologists amanitoringtool,

used to look at interstitial glucose profiles and identify trends; #&lss particularly

useful in adults and children to solve specific clinical questions. Clinically it has many
uses and curremntl it can beused for the detection of hypoglycaemés described by
Schopman (2013}44), with posthypoglycaemic hyperglycaemia as a cause of sub
optimal glycaemic controlt can also be used to hedpucidation the cause of nocturnal
seizures in patients with insulin treated diabetes as well as in the determination of
glycaemic excursions above and below ideal in individuals with satisfactory HbAlc
levels as described byuwkingham (2008§45). CGM is used as a tool to examine the
benefits (or otherwise) of a change from multiple daily insulin injectionsgalin

pump therapyand treatment adjustmente.g. moving from oral antliabetic drugs to

insulin or basabolus adjustmentsit is also usedo look for hyperglycaemic peaks
during pregnancyCGM has also been used as a research @®l It has been
demonstrated that CGM can be associated with reducing A1C without increasing the
risk of hypoglycema vs finger stick testing alonas described bghiassoret al (2002)

(29), Torgersoret al (2004)(30) and Griffinet al2011(31).

Figure 2: CGM iProE unit

-TheCGM P r ovias a smd) discreet device that measur4 hour continuous glucose levels via a glucose sensor
applied transcutaneously.
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As OGTT and HbAlcare not ideal in capturing momeiy-moment glycaemic
variability, we propose the use of continuous glucose sensing to quantiffCthMS
(Medtronic) are ecurate as described bysuerci et al (2003) (50) and measure
interstitial glucose levels every 10 seconds, the results of which are stored as a
smoothed average over 5 minutes. This can occur continuously foraudays with a
single sensgras described by Sachediet al (2003) (51). Monitors are externally
calibrated by the subject who performs self monitoring of blood glucose (SMBG) four
point testing in each 24 hour period. A typical CGM tracing with-fmint testing can
be sen inFigure3 which illustrates how much more information on the glucose profile
can be obtained (hyperglycemia, hypoglycemia and variability pajteand how
excessive glucose variability can be even in patients that appear to be well controlled
from SMBG fourpoint andHbA1c testing, respectivel{46) (52). CGMS documents
continuous glucose variations throughout the day, rather than during a short OGTT or

discontinuous home blood glucose testing, thecgfering a definite advantage
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Figure 3: Typical CGM Tracing with four -point SMBG testing

-Monitors wee externally calitated by the subject who performed SMBf&Er-point testing in each 24 hour period.
A typical CGM tracing with fowpoint testingis seen above anflustratesthe added informatioon the glucose
profile that can be obtained Glucose variability caralso be observed,even in patients that appear to be well

contolled from SMBG testing.
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CGM is one of the latest advancements in diabetes management. A traditional glucose
meter uses the information from a finggtick test for a blood glucose value that
represents only a snapshot in ti me. CGM
happening betweefinger stick tests. That waypne can watch glucose levels and

patterns that you may not have been able to seeebhefo

1.8 Aims and Objectives: Study Hypothesis
Aim: To assess whether CGMS can help identify people with abnormal glucose

tolerance who progress to Type 2 diabetes mellitus (T2DM).

Objectives The following research objectives were compiled in orddatditate the

study aim.

(1) To obtain ethical approval for the study, via the NHS Local Research Ethics
Committee (NHS LREC) mechanism, South East Wales Research Ethics
Committee (SEWREC) and from the School, Cardiff University.

(2) To obtain statistical advice from the Professor of Statistics, Professor Robert
Newcombe, Cardiff University School of Medicine, regarding study sample
size.

(3) To collate a study sample of fifty individuals from the general population,
composed of subjectshe have had an abnormal OGTT and consented to study
participation.

(4) To obtain demographic data and a thorough medical history, medication history,
family history and social history on all study subjects at baseline, Year 1 and
Year 3.

(5) To obtain GAD antibodystatus, Gpeptide and Insulin levels on all study
subjects at baseline.

(6) To perform OGTT, check HbAlc and perform CGM on all study subjects at
baseline, Year 1 and Year 3.

(7) To construct glycaemic excursion variables to reflect glucose fluctuations
observedn CGM and apply them in Excel 2007 to the raw CGM sensor data.

(8) To analyse baseline, Year 1 and Year 3 data.

(9) To separate by inspection, CGM profiles for each study subject into 3 groups

based on variability (least variability, medium variability and masiability).
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(10) To use the Paired Sampldest to compare differences in two means of
the set parameters as the study progressed with time.

(11) To use independent sampteTest to compare the means of two
independent groups (diabetes and non diabetes) at Yt Year 3, in order to
determine any significant difference between them, when tested against a
number of baseline parameters.

(12) To use one way analysis of variance (ANOVA) at baseline, to evaluate
any significant difference between the CGM profiles by éusjpn and the
statistically constructed CGM parameters.

(13) To use binary logistic regression analysis to estimate the relationships
among variables. Baseline parameters were tested for Year 1 and Year 3
outcome, using binary logistic regression analysisewif any of them affected

the outcome or influenced each other.

Null Hypothesis CGM can be used to predict progression from abnormal glucose
tolerance (praliabetes) to T2DM.

1.9 Study Timeframe

This studybegan in 2009 and continued until 2012. Theameters chosen for analysis

and the outcome indicators together with the technologies used were a reflection of this
time. If this study had been conducted in more recent times, then some of the
parameters chosen for analysis and outcome indicatorgeskelould be in line with
current guidelines. The technologies employed would also be more modern and at the

cutting edgeof diabetegare, in this regard
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2.0 Materials and Methods

2.1 Ethics

Cardiff University School of Medicine requires that all researololving human
participants,human material or human data is subject to formal ethical review and
approval before such work can be started. This study haddvaated approval via the

NHS LREC mechanismSEWREC and from the School, Cardiff Universityith

regard to data storage and security, hard copies of any study data were kept securely at a
NHS resarch location, lock coded armbuld only be accessed by agreed members of

the research tea Any computer files that contained personal or identifier data were

password protected and only accessed by agreed members of ti{g3pam

2.2 Statistical Advice

Statistical advice regarding sample size was obtained fin@Professor of Statistics,
Robert NewcombeCardiff University School of Medicine. A proposed sample size of

50 subjects (n = 50) with confirmed IFG/IGT on OGT testing was considered
justifiable. This was based on the assumption that 30% of subjects will have a diagnosis
of definite diabetes by 2eyars and that half the remaining subjects, i.e. 35% will have
reverted to normalComparing those who become diabetic with those who revert to
normal would have a power of 80% to detect a shift of exactly 1 standard deviation in
the mean value for any panater tested, using a test at the waortional twesided

alpha level as described by McCrunGardner (2010(54) and Cohen (1974b5).

The effect size (ES) in a population is intrinsically linked to three other statistical
propertiesas described b€ohen (1977§55) and Cohen (199456):.

(i) The sample size on which the sample effect size is based.

(i) The probability level at which we will accept an effect as being $tslly
significant (the U level); typically an |
(iif) The ability of a test to detect an effect of that size (known as the statistical power).
The power of a test is the probability that a given test will find an effect assuming tha

one exists in the population.

The probability of failing to detect an
probability of a Type Il error. It follows that the probability of detecting an effect if one

exists must be the opposite of not detectingt teffecti.e. (1-b ) . Coh)sb) (197
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suggested that we would hope to have a @obability of failing to detect a genuine
effect, and so the corresponding level of power he recommended-&as=10.8.
Therefore, a power of 0.8 or an 80% chance of detecting an effect if one genuinely

exists should be aimed for and is the minimum ateck|evel

2.3 Recruitment Population

The recruitment of subjects for the study took place over a 20 month period between
October 2009 and June 2011. In total, 486 patients referred fpabant Oral Glucose
Tolerance Testing (OGTT)from either theitGeneral Practitioner or a Secondary Care
Physician, respectively, were screened. Patients either attended The University Hospital
of Wales, Cardiff or Llandough Hospital, Penarth for testing. All patients referred for
OGTT were f el t-ateasonitcaundergodestingand tious Wweée deemed as

intermediate risk with regard to progression to DM.

2.40GTT

Patients who were referrddr OGTT attended otpatients phlebotomy suite at The
University Hospital of Wales, Cardiff or Llandough Hospital, Penarth between 08.45
and 09.30am for testing’he OGTT test was conducted by tne UHW phlebotomy

staff Three days prior to the test,etlpatientswere asked to have mormal diet
containing more than 1509 carlyolnate daily and were instructed to fast from 10pm
the previous evening. This gageminimum 10 hour fasting periodhere the patients
refrained from eating or drinkin@nything dher than water, until the test wa
completed.For an OGTT, the WHO recommend$g of anhydrous glucose (or its
equivalent) in a final volume of 300 ml is us@¥). In our OGTT protocol113 mL
Polycalwas poured into a designatbdaker andvater was addetb the 200 mL mark

and the contents of the beaker were mixed. This was consumed withimutesnand

then the patients drank a furtii€)0 mL of water to make the final volume 300 riihe
patients were warned of the possible side effects of nausea, vomiting, diarrhoea, as the
glucose drink was hyperosmolar. The patients were allowellin& aditional water
during the tesif needed and were asked to sit quietly throughout the test, smoking not
being permitted. The test was not performed during intercurrent illness. Venous blood
was sent for laboratory glucose analysésore taking the glucodead (zero minutes)

and 120 minutes after consumption of the glucose load.
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2.5 Screening Population

As stated in Section 2.2, 486 patients in total were screened over a 20 month period. All
subjects between the ages of8Byears were considered. Sudtgeunable or unwilling

to give informed consent or unable or unwilling to comply with research requirements
were excluded. In addition, pregnant femalesnéercurrent illness with prognosis of <

2 years and subjects with a known previous allergic iatd adhesive plasters vee

also excluded. Gendeethnic origin, nationality, religion, belief or sexual orientation
was irrelevant in the decision to recr{see APPENDIX 1: CGM Study Protocol).

When the patients attended for their clinicatigicated OGTT, if they met the study
inclusion criteria as stated abofsee APPENDIX 1: Study Protocpthey were invited

to participate in the study. Eligible candidates were given a patient information sheet
(see APPENDIX 1: Patient Information Sheat)d were able to make an informed
decision at this point as to whether they wished to participate in the study or not. Those
patients who agreed to participate in the study then completed and signed a study
consent form and subject contact details wertainbd (see APPENDIX 1: Patient
Consent Form)informed consent was obtained from the Principle Investigator ARI).
patients were free to leave the hospital after the OGTT and the result of the test was
automatically sent to the referring Physician.

Subjects who had consented and wanted to participate in the study were contacted and
invited to participate in the study if (i) they met the study inclusion criteria, (ii) had
given informed consent and (iii) hadpasitive OGTT- found to have IFGr IGT, as

per the diagnostic criteria belo(®8). If subjects did not meet the study inclusion
criteria - were normal glucose toletafNGT) or had T2DM they were excluded and

not invited to participate in the study. A study informatietidr was sent to the GPs of
participating subjecté&see APPENDIX 1: GP Letter)

Diagnostic Criterig58)

Normal Glucose Tolerance (NGT)

Both of the following criteria must be met
-Fasting glucose 0O6.0 mmol /|

- 2 hour GTTglucose <7.8 mmol/l
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Diabetes Mellitus

Either of the following is diagnostic:
-Fasting glucose 7.0 mmol/|
-Random glucose 11.1 mmol/l

-2 hour GTT glucose 11.1 mmol/l

Impaired Fasting Glucose (IFG)

Both the following criteria must be met:
-Fastingglucose >6.126.9 mmol/l

-2 hour GTT glucose <7.8 mmol/|

Impaired Glucose Tolerance (IGT)

Both of the following criteria must be met:
-Fasting glucose <7.0 mmol/|
-2 hour GTT glucose 7.8 mmol/l but < 11.1 mmol/I

2.6 Study Schedule

2.6.1 BaselineSchedue

OGTT positive subjects attended at baseline (t = 0 months) where informed signed
consent was rebtainedby the Pl(see APPENDIX 1)Demographic data was obtained,
including: height, weight, body mass index (BMI), together with past medical history,
drug history, smoking status and any family history of diabetes. A blood testlstas
obtained for HbAlc analysiSubjects were then instructed as described in Section 2.7
in self monitoring of blood glucose (SMBG) and the CGM was fitted, as described in
Section 2.8 following education of its use. A single CGM sensor was worn by each
subject for a period of up to three whole days (maximum of six whole days via two
sensors in totaland subjects were asked to perform meter tests of their blood glucose
levels (SMBG) at least four specified times of the day (four point testing) day while

undergoing CGM.

2.6.2 Year 1 Follow Up

At t = 1 year, subjects returned following an overnight, fé& repeat testing. Those
that did not respond were presumed to have withdrawn consgatmed signed
consent was rebtainedby the PI, using the original consent fo(eee APPENDIX 1)

and demographic data was obtained, includnayght, weight, bog mass index (BMI),
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together with past medical history, drug history, smoking status and any family history
of diabetes. Subjects then underwent an OGTT, as described in Section 2.4 and blood
samples were also obtained for HbAlc analyargi T GAD antibod/, C-peptide and
insulin. Subjects were then instructed as described in Section ZMBG and the

CGM was fitted, as described in Section 2.8 following education of its use. A single
CGM sensor was worn by each subject for a period of up to three wapteathd
subjects were asked to perform meter tests of their blood glucose levels (SMBG) at least
four specified times of the day (fepoint testing) day while undergoing CGM. The
OGTT and HbAlc results obtained at this stage were forwarded to the GRsute e
continuity of care of the subjects and implementation of treatment where nedsssary
APPENDIX 1)

2.6.3 Year 3 Follow Up

At t = 3 years, subjects returned following an overnight fast, for repeat testing. Those
that did not respond were presumed iave withdrawn conseninformed signed
consent was rebtainedby the PI, using the original consent foand demographic

data was obtained, includingeight, weightBMI, together with past medical history,
drug history, smoking status and any fantiigtory of diabetes. Patients were given a
standardised questionnaire regarding implemented change post initial positive OGTT
testing. Subjects then underwent a fasting blood test and samples were obtained for
analysisof FPGand HbAlc. The FPG and HbAlesults obtained at this stage were
forwarded to the GPs to ensure continuity of care of the subjects and implementation of
treatment where necessgsge APPENDIX 1)

At Year 3, FPG was performed andsed as outcome indicajonstead of OGTT
Although ehical approval was obtained for a OGTT at Year 3, when the study subjects
contacted and invited back, they were not keen to have OGTT; however, they were

happy to attend for a FPG. Therefore, in order to gain a Year 3 outcome FPG was used.

2.7 Self Monitaing of Blood Glucose (SMBG)

Blood glucose monitoring is a way of testing the concentration of glucose in the blood.
All subjects emolled in the study were taught SMB@ing the OneTouch® Ultra ®
blood glucose meteand wee educated with regard timger prick testing and the use of

test strips The blood glucose test was performed by piercing the skin of the finger,
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lateral to the nail baseas illustrated inFigure 4, with a single use safety lancet
(Unistick® 3 Comfort)(59).

Figure 4: Single use safety lancet: UnisticR 3 Comfort (59)

-The blood glucose test was performed by piercing the skin of the finger, lateral to the nail base with a single use
safety lancet (Unistick® 3 Comfort)

The small drop of bloodbtainedvas t hen applied to a dispo
singl e c o das flusttatedsirFiguse b (60), iich was preinserted into the
OneTouch® Ultra ® blood glucose meter, an electrodevice for quantitatively

measuring glucose in whole blood.

ONETOUCH

sea

—l*lH )

Figure 5: One Touch® Ultra® test strips

-The small drop of blood obtained from finger prick tesfimgSMBGwas t hen applied to a dis
Ultra®singe coded.test stripbd

Prior to being usedhe OneTouch®UItra® blood glucose meter was plasma calibrated,
thus allowing easy comparison with laboratory methddter 5 seconds the level of

blood glucose was shown on the meters digital display. In this study, the bloodegluco
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meters were One Touch®Ul®@ablood glucose meters, which had an inbuilt data

download system which connected to the PC via an external cab

2.8 Continuous Glucose Monitoring System (CGMS)

CGMS is a continuous glucose monitoring system which measures the glucose levels in
interstitial fluid. CGMS measures the glucose level of interstitial fluid every 10 seconds
and the results are storad a smoothed average over 5 minudssdescribed by Boyne

et al (2003) (61). A typical CGM system usually consists of three componeats:
disposable sensor that measures glucose levels, a transmitter that is attached to the
sensor and a receiver that displays and stores glucosenation Eigure 6). The
information in the receiver is then converted into estimated mean values of glucose

standardized to capillary blood glucose levels measuredgicalibration.

SKIN
___TRANSMITTER
- : vi GLUCOSE
SELL Fo XX ° ov I SENSOR
D : ot o £ INTERSTITIAL
BLOOD L@ “«2 <0, uD
VESSEL -

Aol

.__>

GLUCOSE

Figure 6: Schematic diagram illustrating the theory behind CGV (62)63)
-The CGM systentomprisel of three componenta disposable sensor thaeasurd interstitial glucose leels, a
transmitter thatvas attached to the sensor asaton the surface of the skin aadreceiver that displag and stoed

glucose informationThe information in the receiver wahen converted into estimated mean values of glucose
standardized to cdfary blood glucose levels measured during calibration.

I tés known t hat glucose travels first f
interstitial fluid. As CGMS sensor glucose (SG) readings measures interstitial glucose
while SMBG meter measureglucose levels irthe blood, theBG meter readingbom
SMBG andSGreadingsdrom CGMSrarely match exactlye. there is a lag in real time
glucose levels by 5 to 10 minuteéghis is normal and should be expectétbwever,
when glucose levels are risiog falling quckly, there is a larger difference between the
BG meter valugand theSGreading i.e. typically postprandially When the BG value
is rising its valueis greater than the SG that follows behind it, but wthenBG falls
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the BG in front isnow lessthan the SG value. Clinicalljknowing the direction and
speed of glucose changesugeful and can beore useful than individual BG or sensor
readings, which arenomentary snapshots gfucose measurement. When using CGM
trends are the kef63). The CGMS used in this sty was a Medtronic CGM device; a
typical Medtronic CGM Kit is illustrated iRigure?.

Figure 7: Typical Medtronic CGM kit (64)

-A typical MedtronicCGM kit used for each study subjexinsstedof a reusableMedtronicsensoiinserter,a single
useglucoseSofsensor®a reusableMedtroniciP r odBargera reusableMedtroniciP r 0 E  @aBdmitteranda
single usdV3000 Smith and Nephew transparent adhesive dressing.

2.8.1 CGM Sensor andsensor Insertion

Currently, available CGM devices are considered minimally invasive enzoated
electrodesThese devices measurgerstitial glucose concentrations and convert these
values to blood glucose levels. The sensor catheter has electrodegnaipd with
glucose oxidase (the same enzyme used to measure glucose levels as a test strip), which
is introduced into the subcutaneous tissue. The reaction between interstitial fluid
glucose and glucose oxidase located on the electrode produces hypiromade. This
reaction converts the interstitial glucose into an electrical current proportional to the
glucose concentration at the site of the catheter insertion, which travels to the
transmitter attached. Devices using enzyooaeted catheters requirdrequent
calibrations to correct variations in the reaction between the electrode and the
subcutaneous tissue, as well as fluctuations in glucose and oxygen diffusion at the site

of the electroddg65), as described by Burget al (2008) (66). The CGM used the
37



Medtronic Sofsensor® in this studyFigure 8). The Sofsenso® was stored in the
fridge at 4°C (+2 °C to +27°C). Ror to using it the sensor package was removed from
the fridge to warm up to room temperature for about 15 minutes bepemng the

sensor package to prevent condensation.

Figure 8: The glucose Sekenso® (63)

-The glucose Sedensor@hada gold catheter electrode impregnated with glucose oxidéseh was introduced into

the subcutaneous tissue. The reaction betweersiitia fluid glucose and glucose oxidaseadted on the electrode
produceda reaction whichconvertedthe interstitial glucose into an electrical current proportional to the glucose
concentration at the site of thatheter insertion, which travelled the transmitter attached.

In order for the sensors to be inserted, the subjects were in a standing position. In each
subject, the sensor was placed 2 inches from the umbilicustladtareavas cleaned

with a sterwipe (NICE-PAK International Ltd)and areas of the natural body bend
were avoided. In order for the sensor to be inserted, the sensor was removed from the
packaging and placed into an insertion devidgth a push of a button the glucose
sensor was inserted with a needle, via the insedievice. It was inserted anywhere
between a 45 and 60 degree angle, just under the skin of the ab@Mmdarne needle

and insertion device were removed after the glucose sensor was in place. The sensors
had a lifespan of 3 days and the subjects had to have tler sepisced oce during the

six days they war the sensor in totalVith a push of a button the glucose sensor was
inserted with a needle, via the insertion device. It was inserted anywhere between a 45
and 60 degree angle, just under the skin of the abd@®7). Theneedle and insertion

device were removed after the glucose sensor was in place

2.8.2CGM T ransmitter

The Medtronic CGMransmitter [A] is a small lightweight device that attaches to the
glucose sensor [B] and gathers glucose daigufe 9). In this study,the CGM non
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implanted MedtroniciPr o E t r an s mi tPriee to eacla sensor sused the
transmitter was cleaned and charged andrdresmitterwas rechargedfter each sensor
usei.e.every three days

Figure 9: Medtronic CGM transmitter attaches to glucose Sofsenso®

-The Medtronic CGMnon implantediP r o tEansmitter [A] was a small lightweight device that attached to the
glucosesensolB] and gathered glucose data.

In each subject, when the sensor had been inserted, the transmitter was then attached.
This CGM unit was then taped to the abdomen with V3000 Smith and Nephew
transparent adhesive dressamyillustrated irFigure2. The Medtronic transmitter used

in this study was waterproof and could be worn while swimming or showering to a
depth of three metres and the subjects were advised of this when they atldreded.
CGM monitors were externally calibrated by the subject who was advised to perform
premeal finger prick home glucose testing at least four times in each 24 hour period, as
described above. The BG meter readings used for calibration were essemtglringe

the glucose sensor maintained its accuracy over firhe. best timgo calibrate the
Medtronic Sof-senso® (63) is when glucose levels are least likely to be changing

rapidly and this is why all subjects were requested to check BNpranedially.

TheiPr o E t r an s ad dlucose datg and Istered it until the subject was
instructed to return. After 3 dayd)e data was ready to be downloaded and Solutions
2.2A® Software for CGMS@®Pr o E was wused in conjuncti
Glucose Recorder to extract glucose datanfthe CGMS@®Pr o E wi rel essl y
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ComLinkE connected to a PC. The Solution
and for each subject, glucose data was downloaded from the GB#dS Recorder

and stored as a uniquely coded patient data file orPtheThe software applied a
retrospective regression calibration algorithm to the CGMS&E download data. The

relative accuracy of the SG values produced by the regression algorithm was evaluated
with the reference meter BG values used for the calibration. Each Meter BG used for
calibration wagaired with the correspondingrssor values gendeal by the calibration
algorithm at the same point in time. The paired sensor and meter values were
statistically evaluated for Coefficient of CorrelationdaMean Absolute Difference

(68).

2.8.3 CGM Result Profiles: An Exampe

Prior to the study, the CGMS was trialled onaamoglycaemi¢ e st subj ect 06
types of report were generated: Sensor Summary, Sensor Daily Details, Sensor Modal
Day, Sensor Modal Time Periods and Sensor Data. Examplésesé reportare

demost rated bel ow, as generated for test s
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Sensor Summary Patient:

Medtronic Solutions: CGMS iPro
CGMS iPro 2.2A

ID: sap
Page 1
Date 9/15/2009 9/16/2009 9/17/2009 9/18/2009 9/18/2009 9/20/2009
# of Sensor Values 202 288 288 282 288 288
s Average (mmoliL) 5.1 50 56 58 58 56
el Min - Max (mmoliL) 4563 4287 4588 4669 4874 2874
STDew (mmoliL) 0.4 0.7 0.8 0.5 06 1.0
# of Meter Values 2 1 2 1 2 2
Meter Average (mmoliL) 52 50 49 48 57 56
Min - Max (mmol/L) 5152 5050 4751 4.8-48 5460 4864
. . X: Use Clinical | X: Use Clinical | X: Use Clinical | X: Use Clinical | X: Use Clinical | X: Use Clinical
Designation Sid t Jud t Jud t Jud t Jud " Jud +
82::;:' Aeouracy # of Paired Readings o 0 2z 1 1 2
Mean Abs. Diff. [MAD %) nfa nfa 4.3 10.4 79 66
Corelation Coeff. [R] n/a n/a n/a nia n/a nia
# of Excursions® 1 0 1 1 0 0
# of High Excursions™ 0 0 0 0 0 1]
# of Low Excursions™ 1 0 1 1 0 1]
Duration Above High Limit__ 00:00 (0%) 00:00 (0%) 00:00 @%) 00:00 ©%) 00:00 ©@%) 00:00 ©%)
Duration Within Limits 00:00 (0%) 00:25 (2%) 00:50 (3%) 00:00 (0%) 00:00 (0%) 00:00 (0%)
Duration Below Low Limit  16:50 (100%) | 23:35 (98%) 23:10 (97%) | 23:30 (100%) | 24:00 (100%) | 24:00 (100%)
Excursions )
High > 11.1mmoliL | Fie Chart
Low < 7.8mmoliL Red: Above Limits
Green: Within Limits
Blue: Below Limits
Glucose Area Above High 0.0 0.0 00 0.0 00 00
Limit (mmol/L*Day)
Glucose Area Below Low 27 28 23 2.1 20 22
Limit (mmol/L*Day)
Pre-Meal (mmol/l) Avg
(1 houn) Min/hax
Breakfast
Post-Meal (mmolil) Awvg
(3 hour) Min/hd ax
Pre-Meal (mmolil) Avg
(1 houn) Min/Max
Lunch
Post-Meal (mmol/L) Awvg
(3 hour) Min/Max
Pre-Meal (mmolil) Avg
(1 houn) Min/hlax
Dinner
Post-Meal (mmolil) Awvg
(3 houn) Min/Max
Time Period A(mmol/l) Avg 52 53 55 586 6.0 52
06:00-05:59 Min/t ax 4563 4288 456.7 4674 4874 2874
Time Period B (mmoliL) Avg 51 48 53 56 57 53
06:00-23:00 Min/M ax 4560 4257 4566 4669 4873 2873
Time Period C (mmoliL) Avg 55 60 59 58 6.4 50
20:00-06:00 MiniMax 4963 4588 48-6.7 5374 49-7.4 3774

X: Please use your clinical judgment - this day does not satisfy the optimal accuracy criteria according to set thresholds:

N>=3, R>=0.79 and MAD<=28% [or <=18% if the range (Min-Max) of meter values is less than 100mg/dL (5.6 mmol/L) - see Criteria Note below].
C: This day does not have any paired sensor/meter data and no sensor plot is provided. As a result, ‘Meter Only’ data is available.
S: Please use your clinical judgment - this day does not have any meter data. As a result, 'Sensor Only' data is available.

Criteria Note: If the range (Min-Max) of Meter Values is less than 100 mg/dL (5.6 mmol/L) then 'R’ will be reported as 'N/A".

In this case the optimal accuracy threshold set for MAD is <=18%.
Excursion Note: Excursions are counted in the day that the excursion event started.

Figure 10: Example: Sensor Summary report (i) for test subject 'SAP'

-The Sensor Summary report displayed a tabular summary of statistical data from thd E6MSE R e cveelt d

Date Printed: 07-Sep-08 06:41

as the Meter Glucose data, with each column containing one 24 hour period of data
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Sensor Summary Patient: Medtronic Solutions: CGMS iPro
CGMS iPro 2.2A

ID: sap
Page 2

Date 9/21/2009 Totals

# of Sensor Values 120 1756

Average (mmol/L) 4.2 54
Sensor —

Min - Max (mmol/L) 2265 2288

STDev (mmolil) 0.9 08

# of Meter Values 0 10
Meter [Average mmoli) 52

Min - Max (mmoliL) 4764

Designation $: Use Clinical

Judgment

g::;r::l Accuracy W ) 5

Mean Abs. Diff. [MAD %) nfa 6.7

Correlation Coeff. [R] nfa nia

# of Excursions™ 0 3

# of High Excursions™ 0 1]

# of Low Excursions™ 0 3

Duration Above High Limit _ 00:00 (0%) 00:00 (0%)

Duration Within Limits 00:00 (0%) 01:15 (1%)

Duration Below Low Limit _10:00 (100%) | 145:05 (38%)
Exoursions -

High > 11.1mmol/L Pie Chart
Low < 7.8mmaoliL Red: Above Limits
Green: Within Limits

Blue: Below Limits

Glucose Area Above High 0.0 00
Limit (mmol/L*Day)

Glucose Area Below Low 37 24
Limit (mmol/L*Day)

Pre-Meal (mmolil) Avg
(1 houn) Min/Max

Breakfast

Post-Meal (mmolil) Avg

(3 houn) Min/Max

Pre-Meal (mmolil) Avg

(1 houn) Min/Max
Lunch —

Post-Meal (mmol/l) Avg

(3 hour) Min/Max

Pre-Meal (mmol/il) Avg

(1 hour) Min/Max
Dinner P —

Post-Meal (mmolil) Avg

(3 houn) Minshax
Time Period A(mmoliL) Avg 36 54
06:00-05:59 Min/h ax 2259 2288
Time Period B (mmoliL) Avg 38 52
06:00-23.00 Min/hax 2259 2273
Time Period C (mmoliL) Avg 58
20:00-06:00 Min/Max 3.7-88

X: Please use your clinical judgment - this day does not satisfy the optimal accuracy criteria according to set thresholds:
N>=3, R>=0.79 and MAD<=28% [or <=18% if the range (Min-Max) of meter values is less than 100mg/dL (5.6 mmol/L) - see Criteria Note below].
C: This day does not have any paired sensor/meter data and no sensor plot is provided. As a result, '"Meter Only’ data is available.
S: Please use your clinical judgment - this day does not have any meter data. As a result, 'Sensor Only' data is available.
Criteria Note: If the range (Min-Max) of Meter Values is less than 100 mg/dL (5.6 mmol/L) then 'R’ will be reported as 'N/A'.
In this case the optimal accuracy threshold set for MAD is <=18%.
Excursion Note: Excursions are counted in the day that the excursion event started.

Date Printed: 07-Sep-08 06:41

Figure 11 Example Sensor Summary report (i) for test subject 'SAP'

The Sensor Summary report displayed a tabular summary of statistical data fromthdEEMSE Recor der as
as the Meter Glucose data, with each column containing one 24 hour period of data

The Sensor Summary report displayed a tabular summary wtistdtdata from the
CGMSiPrcE Recorder as well as the Meter Glucose data, with each column containing
one 24 hour period of dat a. An exampl e
demonstrated ifrigure 10 and Figure 11. The Sensor Daily Details is another type of

report generated and this provided updarfeen days of individual data plots. Graphs
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were defined with glucose concentrations on the vertical axis and time on the horizontal
axis. The plots showed the sensor data, meter values and user events during each 24
hour period, with the target range & the investigator; this was indicated by the blue
dashed line (lower limit) and the red dashed line (upper limit). Individual glucose sensor
values were used to draw a profile line on each sensor detail graph. A gap in the profile

indicated an interrumn in glucose monitoring. Each day was plotted with a different

Sundayi Black; Monday 1 Blue; Tuesdayi Red, Thursday i
Sensor Daily Details Patient:
ID: sap Medtronic Solutions: CGMS iPro
CGMS iPro 2.2A
9/152009 (Tue) 9/162009 (Wed) 9/17/2009 (Thu) 9/18/2009 (Fri)
Use Clinical Judgment Use Clinical Judgment. Use Clinical Judgment. Use Clinical Judgment.
222 222 222 222
nnnnnnnnnnnnnnnnnnnnnnnnnn
i 1 L 1
16.7 16.7 16.7 16.7
RESIER] RESNIER] 114 111 14111
7.8 7.8 L‘ 'LE
5.6 PRI R, 5.6 + 56 e o 56 M LT - M AR T
L oo T 0.0 oo T
R T R T TR TR R T T IR B TR T I TR R S T T S TR TR
Ti Of Day Time Of Day Time OfDay Time OfDay
9/19.2009 (Sat) 97202009 (Sun) 9/21/2009 (Mon)
Use Clinical Judgment PR = s Use Clinical Judgment_ _ RVRESOR 2% Use Clinical Judgment _
222 22.2 222
mmoy | mmol | nmol|
1 1 L
16.7 16.7 16.7
i i naliiT
3 i i
s A VA VA BN "/ N A O R . W . I 1
R SRR R AR SAOS R RERE SR SORRERRRERCRART | R e e L. R e i T e
ST T e e e ST T e e w P T T R T
Time Of Day Time Of Day Time OfDay
Legend —_
< Paired Meter Value Sensor Value A Insulin * Other v Time Change (To)
+ Unpaired Meter Value + Meal = Exercise + Time Change (From)

Report Printed: 07-Sep-08 06:38

Figure 12 Example: SensorDaily Details for test subject 'SAP'

-The Sensor Daily Details provided up to fourteen days of individual data plots. Graphs were defined with glucose
concentrations on the vertical axis and time on the horizontal axis. The plots showed the sengaredhtagter
values(blue diamond), unpaired meter values (red diamand)user events dugreach 24 hour period, witarget

ranges indicated by the blue dashed line (lower limit) and the red dashed line (upper limit). Individual glucose sensor
values wee used to draw a profile line on each sensor detail graph. A gap in the profile indicated an interruption in
glucose monitoring. Each day was plotted with a different colour.

An example of this, generat edFduelX2Eachst s

graph also plotted Meter BG values, which were displayed as a blue diamond for paired
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meter values and red crosses for unpaired metieles. The maximurglucose value
repatable from he CGMS wa®2.2 mmol/landthe minimum wag.2 mmol/land any
glucose values outside this range were displayed as a flat line. The Sensor Modal Day
report was another type of report generated by the CGMS and an example of this,
generated for test subjegtS AP 6 1 s d ekgorenl8. Thre &¢nsod Modah Day
presented all of the glucose data over a 24 hour period, with each day represented as
separate plot line in different colour. Labelling of axes, reportable glucose values and

day plot colours were the same as those in Sensor Daily details.

Sensor Modal Day Patient:

ID: sap Medtronic Solutions: CGMS iPro
CGMS iPro 2.2A

11.1 [111

Glucose - mmol/L

0.0

03:00 06:00 09:00 12:00 15:00 18:00 21:00
Time Of Day

Legend
[ Lecend T Sunday Tuesday Thursday Saturday

Monday Wednesday Friday

Report Printed: 07-Sep-08 03:40

Figure 13: Example: Sensor Malal Day for test subject 'SAP'

-This demonstrated all of the glueodata over a 24 hour period, with each day being represented by a plot line of a
different colour (7 days in total).

A further report generated was the Sensor Data report, which is a computerised logbook
that presented all of the data entered in the patient file and downloaded from the meter
and CGMSIiProE recorder memory for a patient download. The Sensor Data report

ot ai ned from test snuhegxaneple beb@ylReld).c an be s
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Sensor Data Patient: Medtronic Solutions: CGMS iPro

ID: sap CGMS iPro 2.2A
Page 7
Date/Time Sample# ISIG VCTR Meter Value* Slope Offset  Valid ISIG Sensor Value® User Events System Events Alarms

15-Sep-09 06:38 193 1277 -0.475

15-Sep-09 06:43 194 12,69 -0.475

15-Sep-09 06:48 195 1262 -0.475

15-Sep-09 06:53 196  12.58 -0.475

15-Sep-09 06:58 197 12.59 -0.475

15-Sep-09 07:03 198 1263 -0.475

15-Sep-09 07:08 199  12.68 -0.475

15-Sep-09 07:13 200 1270 -0.475 9.9 3 12.30 5.1
15-Sep-09 07:18 201 12.62 -0.475 9.9 3 12.31 5.1
15-Sep-09 07:23 202 12.30 -0.475 5.1 9.9 3 12.32 5.1
15-Sep-09 07:28 203 1231 -0.475 9.9 3 12.33 5.1
15-Sep-09 07:33 204 1232 -0.475 9.9 3 12.22 5.1
15-Sep-09 07:38 205 1233 -0.475 9.9 3 12.34 5.1
15-Sep-09 07:43 206 12.22 -0.475 9.9 3 12.55 5.3
15-Sep-09 07:48 207 12.34 -0.475 9.9 3 12.71 53
15-Sep-09 07:53 208 12.55 -0.475 9.9 3 12.67 5.3
15-Sep-09 07:58 209 1271 -0.475 9.9 3 12.55 53
15-Sep-09 08:03 210 12.67 -0.475 10.0 3 12.45 5.2
15-Sep-09 08:08 211 12.55 -0.475 10.0 3 12.50 5.3
15-Sep-09 08:13 212 1245 -0.475 10.0 3 12.40 5.2
15-Sep-09 08:18 213 12.50 -0.475 10.0 3 12.23 5.1
15-Sep-09 08:23 214 1240 -0.475 10.0 3 12.16 5.1
15-Sep-09 08:28 215 12.23 -0.475 10.0 3 12.12 5.1
15-Sep-09 08:33 216 12.16 -0.475 10.0 3 12.07 5.1
15-Sep-09 08:38 217 1212 -0.475 10.0 3 12.07 5.1
15-Sep-09 08:43 218 12.07 -0.475 10.1 3 12.07 5.1
15-Sep-09 08:48 219 12.07 -0.475 10.1 3 12.06 5.1
15-Sep-09 08:53 220 1207 -0.475 10.1 3 12.11 5.1
15-Sep-09 08:58 221 12.06 -0.475 10.1 3 12.22 5.2
15-Sep-09 09:03 222 1211 -0.475 10.1 3 12.30 52
15-Sep-09 09:08 223 1222 -0.475 10.1 3 12.17 5.2
15-Sep-09 09:13 224 1230 -0.525 10.1 3 12.12 5.1

*mmol/lL

Date Printed: 12-Sep-08 01:58

Figure 14. Example: Sensor Daa report for test subject 'SAP

-The above section of sensor data was taken from the computerised logbook for the testTsubjesadings of

interest can be seen, (i) the meter values, i.e. the SMBG readings taken by the subject and (ii) the sensor values in
mmol/L, calculated fromhe sensor glucose electronic signal and the calibration const&G.= CGMS monitor

signal value in nano amp units; *VCTR = CGMS monitor signal value in Voltage units; **Valid ISIG = Validated
sensor signals reported in nano amp units.

In Figure 14, two readings of interest can be seen, (i) the meter valaet)e SMBG
readings taken by the subject and (ii) the sensor values in mmol/L, calculated from the
sensor glucose electroniogeal and the calibration constants. The sensor values for
each study subject formed the raw data, on which the statistical analysis of the study

was based.

2.9 Glucose Biomarkers

An attempt was made to identify anyiomarkers that predict progression from
abnormal glucose tolerante T2DM. Therefore,for each study subject that attended
one year follow up, glycaemic control and beta cell function were further assessed in
addition to the repeat OGTT. Glucose (fasting indicator of glucose homeostasis),

HbAlc (intermediate term glycaemic control) and biomarkers of beta cell function, C
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peptide and Insulin were assay@fharvel et al 2014) (40); GAD Antibody was also
tested.At one year follow up, an additional 10ml of peripheral venous blood was
obtained for each study subject at 0 minufiesting) for this analysis.deally, the
analysis of GAD Antibody, eptide and Insulin would have been conducted at
baseline, however the original ethically agreed study protocol did not have this analysis
incorporated. An amendment to the original study protocol was submittexbeset by

the Ethics committee in order for this analysis to occur at Ye&od this particular
procedure, peripheral venous blood was taken into BD Vacutainers® and the sample
was inverted five times. It was left to stand for 20 minutes at room terapeeatd then

spun on a swing bucket centrifuge for 10 minutes at 1000 G. The serum was extracted
using a pipette and stored in a labelled eppendoef am80°%. At the end of the 1 year
follow up testing for all subjects, the stored frozen samples vatobdd and sent the
Diabetes Research UnBwansea University on dry ice for analysis of GAD Antibody,

C-peptide and Insulin.

2.9.1GAD Antibody

A glutamic acid decarboxylasautoantibody test (GAD antibody test) was also
conducted to look for type 1 diabetes mellitudatent autoimmune diabetes of adults
(LADA) in any of study subjectsThe antigens recognised by these antibodies include
insulin, glutamic acid decarboxyla@8AD65 kDa isoform) and an islet celhtigen 1A

2 or ICA-512.In this study,Glutamic Acid Decarboxylase (GAD) was assaysdDr
Gareth Dunseath at the Diabetes Research @wiansea Universityusing a kit
(GDE/96) obtained from RSR Ltdhe assaygensitivity was 0.06 U/ml, with an assay
rangeof2 000 U/ ml and a reference range of
(69).

2.9.2 Gpeptide

C-peptide is a peptide composed of 31 amino aaidkis produced from the pancreatic
beta cells during enzymatic cleavagepobinsulin. Proinsulin is the precursor of C
peptide and insulin, which are produced in equal amounts during enzymatic cleavage.
C-peptide has negligible extraction by the liver and constant peripheral clearamsce. It i
mainly excreted by the kidney, and ihalflife is 3-4 times longer(20-30 v 35
minutes)than that dinsulin. It therefore circulates at concentrations approximately five
times higher than insulin in the systemic circulation andtbarefore be used to assess

endogenous insulin secreti¢ro).
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The GPeptide Assay kit (IV204/104) was obtained fromvitron and assayed bpr
Gareth Dunseath at the Diabetes Research Bnignsea UniversityThe assay had a
sensitivity of 5 pmol/ml and a 100% specificity for hunfaspeptide; the assay range
was 05.00 pmol/ml, with a refrence range of 0.17.96 pmol/mi(71).

2.9.3 Insulin

Insulin is an anabolic hormone that promotes glucose uptake, glycogenesis, lipogenesis,
and protein synthesis of skeletal muscle and fat tissue through the tyrosine kinase
receptor pathway.nkulin is the most important factor in the regulation of plasma
glucose homeostasis, as it counteracts glucagon and other catabolic hérmones
epinephrine, glucocorticoid, and growth hormom@es described by FJ (199%50).

Insulin resstance is a condition in which the body produces insulin but does not use it
effectively. When people have insulin resistance, glucose builds up in the blood instead
of being absorbed by thelts, leading to T2DMor prediabetes. Insulin testing can be

used to assist indiagnosing early T2DM where there is a relatively increased

production of insulin with a concurrent increase in blood glucose |&4&)s

The insulin assay kit was obtainecbrh Invitron (IV2-001/101) Invitron Ltdand
assayed bipr Gareth Dunseath at the Diabetes Research Swiinsea Universityfhe
assay had a sensitivity of 0.25 mU/L and a 100% specificity for human insulin, with an
assay range of ©1200 pmol/L (0- 200 mU/L) and a reference range of fasting plasma
of 6- 100 pmol/L (1- 16 mU/L)(72).

2.10Statistical Analysis

In order to perform the statisal analysis, the CGM subject data was exported from
Solutions 2.2A® Software for CGMS# r o E Microsoft Office Excel2007. Initial

data review and construction of specific data selectors and tables occurred here. The
cleaned data was then importetbira statistical packagéBM SPSS Statistic0, for

the final data analysis to occur.

As the aim of this study was to attempt to predict progression from abnormal OGTT to
T2DM, the progression of each subject following a repeat OGTT/ FPG, HbAlc +/
CGM was compared to analogous baseline data. This occurred for study subjects at one
and three year follow up respectiveMlith regard to glucose variability, théGM

subjectoutcome datawhich was analysed in SPSS) was derived from the Géhsor
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data(as decribed in 2.8.3Figure14) atbaseline and one year follow up, respectively.
The raw CGM sensor data for each subject at both baseline and one year follow up was
exported intoMicrosoft Office Excel2007. As amattenpt wasbeingmade to identify

any biomarkers that predict progressianrh abnormal glucose tolerancemarker of
deteriorating carbohydrate homeostasis would be increased fluctuations in blood
glucose levelsin this study,continuous glucose sensimvgas used toquantify the
glucosefluctuations to assess whether CGMS could help identify people with abnormal
glucose tolerance who progress to T2DKalycaemic excursion variables were
constructed and applied in Excel 2007 to the raw CGMasetiata which haé been
imported; this was done with the assistance of Professor Richard Ollerton (Sydney
Australia). This generated outcome data for each study subject at baseline and year one
follow up. This outcome data for each study subjettaaeline and year onellfov up

was then imported into SPSS Statistics 20 for further analysis. The glycaemic excursion

parameters devised were as follows:

(): Average Glucose (Av Gl): The average glucose over a day for each subject.

(ii): Average Glucose Excursion from Averagldv Gl excursion from Av): This
calculated how far the data varied from the average over the day.

(iii): Average above Normal Glucose (Av above Norm Gl): This calculated how far the
average daily valuegbovea representative "normal” glucose value.

(iv): Average Glucose Excursion from Normal Glucose (Av Gl excursion from norm
Gl): This calculated a similar variability as Av Gl excursion from Av but used the
"normal” glucose value rather than the daily average as the baseline.

For eachstudysubject, theglucose variabilitysubjectoutcome data from CGM based
on the choseparametenf glycaemic excursion noted aboveyj underwent statistical
analysisin SPSS Statistics 2@ith regard o correlation with both OGTT anldbAlc
results, for both baseline and follow up data. This was in ordernmpa®@ glycaemic
variability andmonitor any change with timdt was also to identifyany markers that
prediced progression from abnormal glucose tolerance to T2DM based oregijca
variability results detected by CGMhis process was conducted based on raw sensor

data that reflected a complete 24 hours.
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2.11SPSSResultsInformation
While working in SPSS Statistics 20, for the purpose of this study, a number of
individual variables were grouped and labelled within their individual variable group.

2.111 Age
The age of the study subjects was noted as part of the demographic data collected at
baseline. Subjects were labelled in SPSS Statistics 20 for the analysis as (f68pws

1 Young Adulthood 15 years 24 years
2 Middle Adulthood 25 years 44 years
3 Older Adulthood 45 years 64 years
4 Adult Retirement Age > 65 years
2.11.2 BMI

The BMI of the study subjects (weight [kg]/height Jinwas noted as part of the
demographic data collected at baseline, Year 1 and Year 3 follgw Subjects were
labelled in SPSS Statistics 20 for the analysis, as fol{@#)s

Underweight (BMI < 18.5 kg/R)
Normal weight (BMI18.5 to 25 kg/rf)
Overweight (BMI 25 to 30 kg/R)
Obese (BMI > 30 kg/R)

A W DN P

2.113 Smoking Status
The smoking status of the study subjects was noted as part of the social history
collected. Subjects were labelled in SPSS Statistics 20 for the anadyBows:

0 non snoker (non smoket ex- smokej

1 smoker

2.114 CGM Profiles

The CGM profiles of the study subjects atddase and ¥arl follow up were visually
inspected and divided into three categories accordingtmalglucose variability. The
categories were labelll least variability (APPENDIX )2 medium variability

(APPENDIX 3 and most variability (APPENDIX¥ This was repeated for the Year 1
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subjects CGM profiles. Subjects were labelled in SPSS Statistics 20 for the analysis as

follows:

0 least variability

1 medium variability
2 most variability

The CGM profiles of the study subjects at baseline and Year 1 follow up were inspected
blindly by the Pl [CGM profiles labelled (SAP)] and by an independent observer, a
Lead Diabetic Specialist Nse [CGM Profiles labelled (PUMP)].

2.11.5 Study Subject Identification

At the start of the study,aeh of the subjectthat constituted the study sample were

given a unique identification code.6 | PRO6 p | O@kto G5, whicmthey kept
throughwwt t he study. At baseline the suffix
Year 1, the suffix Ob6é was added to the
added to the unique identifier. This was in order to collect and hold the data

confidentially.
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3.0 Results: Screening Data

3.1 Analysis of Screening Data

The recruitment period for the study occurred betweé&hC&ober 2009 and $QJune

2011. In total, 486 subjects were screened over this 20 month period. All subjects made
an informed decision as to whether they wished to participate in the study or not, when
they attended for their oral glucose tolerance test (OGTT). Those subjectsyreed to
participate were then contacted if they met the study inclusion criteria and on the basis
of their OGTT resuli.e. were found to have either impaired fasting glucose (IFG) or
impaired glucose tolerance (IGT). They were invited to attenadatinuous glucose
monitoring (CGM). If subjects did not meet the study inclusion critexiavere normal
glucose tolerant (NGT) or had Type 2 diabetes (DM) they were excluded at this point
and were not invited to attend for CGVhis process resulted ia totalof 486 subjects

being screened.

Out of the 486 subjects screened 72.4 % (n = 352) agreed to participate in the study and
were not discounted based on initial exclusion criteria. 27.6 % (n = 134) either declined

outright to participate or were elwided based on initial exclusion criteria.

3.1.1 Gender
Out of the 486 subjects screened, 42.2% (n = 205) were female and 57.8% (n = 281)

were male.

3.1.2 Age(years)

Out of the 486 subjecwligible for screening2 did not give their date of birth aso

were classed as missing data. The mean age was 58.39 years and the median age was
59.50 years. The minimum age was 19 years and the maximum age was 90 years, a

range in age of 71.5 yearBaplel) (Figurelb).
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Table 1: Total Subjects Screened: Age

\VValid 484
N
Missing 2
Mean 58.39
Median 59.50
Std. Deviation 14.41
Range 71.50
Minimum 19.00
Maximum 90.50
All Screened Subjects Age Statistics
Histogram
G077 Mean = 58.39
Std. Dev. = 14.394
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Figure 15: Total Subjects Screened: Age

-484 subjects were screened in the stddye mean age of the subjects screened was 58.39 years amddfzn age
of the sibjects screened was 59.50 years, withrage of 71.5 years

3.1.3 Consent

As already discussed, out of 486 subjects initially screened for the study, 352 subjects
agreed to pdicipate and 134 subjectBd notgive consent to participate in the study or
were discounted based on study exclusiorcaf respectively. If one lookeat the 134
subjects whalid notgive consent to participate in the study or discounted at thet outse
based on study exclusion criteria, n = 58 (11.9 %) did not actually attend for the initial

screening appointment (DNA); n = 29 (6%ij notgive consent to participate in the
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study at the outset; n = 22 (4.5%) were aged over 80 years (and therefoexeleded

based on study criteria), n = 7 (1.4%) samples / results were lost in processing; n= 5
(1%) were excluded on medical groun@s discussed in Section 2.5) = 4 (0.8%)
cancelled OGTT appointment; n = 4 (0.8%) declined at the outset due to languag
difficulties; n = 2 (0.4%) had labelling/request form errors; n = 1 (0.2%) was excluded
due to pregnancy; n = 1 (0.2%) had eaten when they should have been fasted and n = 1
(0.2%)did notreturn for the OGTT 120 minute blood tesable2).

Table 2: Screened Subjects Outcome

Screened Subject Outcome Frequency % Cumulative
Percent
CONSENTED (NGT/DM) 208 42.8 42.8
ABSCONDED MID TEST 1 2 43.0
CANCELLED 4 .8 43.8
CHANGED MIND 99 204 64.2
DECLINED AT OUTSET 29 6.0 70.2
DECLINED AT OUTSET-
4 .8 71.0
LANGUAGE
DNA 58 11.9 82.9
EATEN 1 2 83.1
ENTERED (IFG / IGT) 45 9.3 92.4
EXCLUDED AS
1 2 92.6
PREGNANT
EXCLUDED MEDICAL
5 1.0 93.6
GROUNDS
EXCLUDED OVER 80 22 4.5 98.1
LOST SAMPLES 7 1.4 99.6
NO FORM 1 2 99.8
WRONG LABEL 1 2 100.0
Total 486 100.0

3.1.3.1 Consent and Gender

If consent to participate in the study is looked at with regard to gender, out of initial 352
subjects who agreed to participate, 206 (58.52%) were male and 146 (41.48%) were
female. If one looked at the initial 134 subjects vdib notgive agree to padipate in

the study at the outset or were discounted based on study exclusion criteria, 75
(55.97%) were male and 59 (44.03%) were fer(failgure16).
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Total Subjects Screened: Consent according to Gender
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Figure 16: Total Subjects Screend: Consent according to Gender

-Consented subjects consisted of 206 (58.52%) males and 146 (41.48%) females. This compared to 134 non
consenting subjects, consisting of 75 (55.97%) males and 59 (44@&3&gs.

3.1.3.2 Consent and Age

If consent to participate in the study is looked at with regard to age, out of initial 352
subjects who agreed to participate, there were no missing values. The mean age was
58.99 years and the median age was 60.47 yghssminimum age was 20.52 years

and the maximum age was 79.93 years, with a range of 59.41 yepne (7).

If one looked at the initiadubjects whalid notagreeto participate in the study at the

outset or were discounted based on study exclusion criteria, (Non Consented Group),
the mean age was 56.77 years and the median age was 55.80 years. The minimum age
was 18.98 years and the maximum age was 90.47 yeamsawange of 71.50 years
(Figure18).

Therefore, as the mean age of the consented population was 58.99 years and the mean
age of the norwonsented population was 586.years, the consented population was
similar to the norconsented population with regard to age. As 58.52% males gave
consent as opposed to 55.97% males who did not give consent and 41.48% females
gave consent as opposed to 44.03% who did not give cotisermonsented population

was also similar to the nesonsented population with regard to gender.
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Consented Subjects Age Statistics
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Figure 17: Consented Subjects Age Statistics

-The mean agef consented subjects was 58881 the median age was 60.47 yeggspectively. The minimum age
was 20.52 and the maximum age was 79.93 years, respectively, with a range of 59.8td/€eg.was 12.13.

Non Consented Subjects Age Statistics
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Figure 18 Non Consented Subjects Age Statistics

-Themean age of non consented subjeas 56.77 and the median age was 55.80 years, respectively. The minimum
age was 18.98 and the maximum age was 90.47 years, respectively, with a range of 71.Stly@avswas 19.12.
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3.2 Analysis of OGTT Data

There were 352 subjects who agreedpéaticipate in the study and fitted the study
inclusion criteria. All underwent OGTT, which demonstrated n = 208 (42.8%) subjects
had either NGT (n = 65) or DM (n = 143) and n = 144 (29.7%) subjects had either
IFG/IGT or both. This group of 144 subjectsrev¢he key group of subjects suitable to

be invited for CGM studies. The 144 subjects in this group were all contacted to attend
for CGM studies, however, n = 99 (20.4%) subjects changed their mind about
participating in the study despite initially agregi@nd being eligible and therefore were
lost at this point. This left a total of n = 45 (9.3%) subjects, with either IFG/IGT or both
to be entered into the studyable3; Figurel9; Figure20).

Table 3: OGTT Results of Consented Subjecttn = 352)

OGTT Total

DM IFG IGT NGT
Count 0 49 50 0 e

CHANGED MIND | % within DECISION 0.0% 49.5% | 50.5% 0.0% | 100.0%

% within OGTT 0.0% | 71.0% | 66.7% | 0.0% | 28.1%
Count 0 20 25 0 45

DECISION ENTERED % within DECISION 0.0% 44.4% | 55.6% 0.0% | 100.0%

% within OGTT 0.0% | 29.0% | 33.3% | 0.0% | 12.8%

Count 143 0 0 65 208
UNSUITABLE % within DECISION | 68.8% 0.0% 0.0% | 31.2% | 100.0%
% within OGTT 100.0% | 0.0% 0.0% | 100.0% | 59.1%

Count 143 69 75 65 352
Total % within DECISION | 40.6% | 19.6% | 21.3% | 18.5% | 100.0%
% within OGTT 100.0% | 100.0% | 100.0% | 100.0% | 100.0%
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OGTT Results of Consented Subjects
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Figure 19: OGTT Results of Consented Subjectén = 352)

-OGTT demonstrated n = 208 subjects had either NGT (n = 65) or DM (n = 148)=ahdi4 subjects had either
IFG/IGT or both.
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Figure 20: OGTT Results of Consented Subjects

-OGTT testing on consented subjects revealed n = 65 subjects had NGT and n = 143 subjects had DM and were

unsuitable. Of the suitableilgjects, n = 99 changed their mind, leaving n = 45 subjects, with either IFG/IGT or both
entered into the study.
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3.2.1 Gender

If one looks at consented subjects by gendarpbthe 352 subjects with OGTT results,
41.48% (n = 146) were female and 58.5¢@¥%& 206) were maleT@ble4; Figure21).

Table 4: OGTT Results of Consented Subjects bender

Gender Total
Female Male
NGT 27 38 65
IFG 29 40 69
OGTT

IGT 34 41 75

DM 56 87 143

Total 146 206 352

*Looking specificaly at the 146 females, 38.36% had DM, 19.86% had IFG, 23.29% had IGT and 18.49% had NGT;
43.15%having IFG/IGT or both. Looking specifically #te 206 males, 42.23% had DM, 19.42% had IFG, 19.90%,
had IGT and 18.45% had NGT; 39.32faving IFG/IGT or both.

OGTT Results of Consented Subjects by Gender
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Figure 21: OGTT Results of Consented Subjects by Gender

-Regarding females, 38.36% (n=56) had DM, 19.86% (n = 29) had IFG, 23.29% (n = 34) had IGT and 18.49% (n =
27) had NGT; 43.15% (n = 63) having IFG/IGT or bathOGTT Regarding males, 42.23% (n = 87) had DM,

19.42% (n = 40) had IFG, 19.90%, (n = 41) had IGT and 18.45% (n = 38) had NGT; 39.32% (n = 81) having
IFG/IGT or bothat OGTT.
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3.2.2 Age

If one looks at consented subjects by,abe mean age of the NGT was 57 years,

with a range of 58.93 years (minimum 20.52 years; maximum 79.45 years). The mean
age of the IFG was 58.55 years, with a range of 49.79 years (minimum 28.85 years;
maximum 78.64 years). The mean age of the IGT was 59.86 years, with a range of
56.20years (minimum 21.74 years; maximum 77.94 years). The mean age of the DM
was 59.46 years, with a range of 57.57 years (minimum 22.36 years; maximum 79.93

years);(Tableb).

Table 5: OGTT Results of Consented Subjects by Age Statistics

OGTT| Mean N | Std. Deviation | Minimum | Maximum | Range | Median | % of Total Sum
NGT | 57.42 | 65 12.99 20.52 79.45 58.93 | 59.79 18.0%
IFG 58.55 | 69 11.28 28.85 78.64 49.79 | 59.95 19.5%
IGT 59.86 | 75 11.81 21.74 77.94 56.20 | 60.42 21.6%
DM 59.46 |143 12.34 22.36 79.93 57.57 | 60.54 40.9%
Total |58.9938 | 352 12.13 20.52 79.93 | 59.41 | 60.47 100.0%

3.3 Consort Diagram of Screening Data
The recruitment outcome for eashbject approached to take part in the study can be

found summarised in the consort diagram belBigyre22).

3.4Summary: Chapter 3

In summarythe analysis of screening data and recruitment of study subjexisred

over a 20 month periodhetween 28 October 2009 and $QJune 2011In total, of the

486 subjectshatwere screene@52 subjectsagreed to participate in the study and 134
subjectsdid not agree to participate or were excluded based on study critétha.
regard to the (n = 352) subjects that agreed to participate and were suitable for study
participation, the breakdown of the OGTT result demonstrated 40% had DM (T2DM),
40% had IFG/IGT and 20% were NGUQut of the 352 that did agree to participate in
the study, a further 208 were lost to the study at this point, as they were unsuitable
based on OGTT result (NGT or DM). This left 144 subjects suitable for the study
(IFG/IGT o both). However, 99 of these subjects changed their mind when contacted to
attend for the study. This resulted in 45 suitable sub{8c#86)being entered into the

study at baseline (year 0).
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With regard to the (n = 352) subjects that agreed to pateipnd were suitable for

study participation, the breakdown of the OGTT result demonstrated 40% had DM
(T2DM), 40% hadFG/IGT and 20% were NGT. These percentages are in keeping with
what is reported in the general literatr®)76). Wh en one | o-ookuetdd artato
for this study,(n = 99) of (n = 144) suitablesubjectschanged their mind when they

were contacted to attend. This gavéleop oub rate (at this pointin proceedingsof

68.75% This resulted in an increasamount oftime being allocated to recruitment i

order to obtaima sufficient number of subjectsr the study(as described in section

2.2).
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ConsortDiagram:
Recruitment Outcome of Subjects to Study

Subjects
< SCREENED >
486

No /
vEg Excluded
s
72.4% n 27.65%
=352 n=134
29.7% (n = 144) IFG/IGT 11.9% (n=58) DNA
6.0% (n=29) No
29.4% (n=143) DM 4.5% (n=22) Age
b 1.4% (n=7)Samples lost
13.3% (n=65)NGT 1.0% (n=5) Medical grounds
= 0.8% (n=4)Cancelled

0.8% (n=4) Language difficulty
0.4% (n=2)Form errors

0.2% (n=1) Pregnancy

0.2% (n=1) Eaten

0.2% (n=1)Absconded

9.3%n=
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Figure 22: Consort Diagram Summarising Screening Outcome for alSubjects
-n =352 subjects agreed to participate in the study andiitBdot 208 were unsuitable, leaving 144 suitable study

subjects (IFG/IGT or both), of which 99 of these changed their mind. This resulted in 45 suitable subjects being
entered into thetudy at baseline (year.0)
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4.0Results: Study Data

4.1 Analysis of Baseline Data
Out of the original screening population, a total of n = 45 (9.3%) subjeittsgither
IFG/IGT or bothto beentered into the study at basel{frégure22).

4.1.1Gender
Out of the45 baselinesubjects(n = 45), 42.2% (n = 19) were female and 57.8% (n =

26) were male
4.1.2Age (years)

The mean age of the baseline subjects (n)=fs 59.05 years, with a range in age of

57.4 years (minimum age 21.4 and maximum age 78.8 y&agsiy¢23).

Baseline Subjects Age Statistics

127 Iean = 59 06
Std. Dev. = 11 951
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Frequency
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Figure 23: Baseline Sibjects Age Statistics (years).

-The mean age of tHeaselinesubjects screened was 59.06 years, with a range of 57.4 years and a standard deviation
of 11.95.

When age was broken down into categories as described in Section 2.11.1, 2.2 % of the
subjects wre in young adulthood, 6.7% of the subjects were in middle adulthood,
57.8% of the subjects were in older adulthood and 33.3% were of adult retirement age

(Table6).
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Table 6: Baseline Subjects per Age Categories

Frequency %
young adulthood 1 2.2
middle adulthood 3 6.7
older adulthood 26 57.8
adult retirement age 15 &8
Total 45 100.0

4.1.3Ethnicity
When ethnicitywas considered, 91.1% (n = 41) baseline subjects (n = 45) were

Caucasian and 8.9% (n = 4) baseline study subjects were non Caucasian.

4.1.4Body Mass Index BMI)

With regard to BMI, as per the categories stated in Section 2.11.2, 6.7% (n = 3) of the
subjects at baseline (n = 45) were classed as having normal weight, 31.1% (n = 14) were
classes as being overweight and 62.2% (n = 28) fell into the obese category. No

underweight subjects were presdfigre24).

Baseline Subjects: BMI
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Figure 24: Baseline Subjects: BM

-With regard to BMI, lhe majority of the baseline subjects were overweight (31.1%) or obese (62.2%).
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4.1.5Family History of Diabetes
The baseline subjects (n = 45) were questioned regarding family history of diabetes and
44.4% (n = 20) of them had a positive family history of DM and 55.6% (n did5)ot

4.1.6Smoking Status

The baseline subjects (n = 45) were asked about their sghaltatus. Results
demonstrated that 68.9% (n = 31) were non smokers, 13.3% (n=6) were smokers and
17.8% (n = 8) were egmokers [Figure25).

Baseline Smoking Status

M ron smoker
[l smoker
Oex smoker

Figure 25 Baseline Subjects: Smoking Status

-68.89% of the baseline subjects were non smokers, 17.788ewsmokers and 13.33% wesenokers.

4.1.7Blood Pressure (BP) Status
The baseline subjects (n = 45) were asked if they had a history of hypertension. 68.9%
(n = 31) did have hypertensi@md were on medication for thesid 31.1%1r{ = 14)did

nothave hypertension.
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4.1.8Lipid Status
The baseline subjects (n = 45) werked whether they were being prescribed lipid
lowering therapy46.7% (n = 21)vereon lipid lowering medicatioand 53.3% (n = 24)

reported that thewere not.

4.1.90GTT 0 minutes Glucose (mmol/l)

The mean fasting plasma glucose (FPG) in the baselinects (n = 45) was 6.25
mmol/L, with a maximum value of 6.9 mmol/l and a minimum value of 4.8 mmol/l.
This demonstrated a range of FPG of 2.1 mmol/l, with a standard deviation (Std Dev) of
0.45 Figure26q). IFG in baseline subjec(® = 45) was seen whdfPG > 6.1 mmol/l

and wasndicated by the vertical red liran the X axis, as illustrated Figureb.

Baseline Subjects OGTT: FPG - 0 min (mmol/l)

159 ] Mean = 6.25
Stdl. Dev. = 451
N=45

=
1

Frequency

45 50 55 80 65 70 75
FPG [0 mins] (mmolll)

Figure 26a: Baseline Subjects: OGTT 0 minutes Glucosgnmol/l)

-FPG for baseline sygcts(n = 45)demonstrated a mean of 6.6hmol/l and a Std Dev of 0.45.
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Figure 26b: Baseline Subjects: OGTT 0 minutes Glucose (mmol/l)

-Baseline subjects (n = 45) are labelled IRRDto IPRG47, as can be seen from the Y axis (IP@Oand IPRAL2
withdrew from the study prior to its initiation). The X axis represents FPG (mmol/lpd&RG > 6.1mmol/lfor
baseline subjecteflected IFG; this point on the X axigs indicated by the verticagd line.

4.1.100GTT 2 Hour Glucose (mmol/l)

The mean OGTT 2 hour Glucose in the baseline subjects (n = 45) was 7.87 mmol/l, with a maximum value of
with a maximum value of 11.0 mmol/l and a minimum value of 4.3 mmol/l. This gave a range of OGTT 2 hour
range of OGTT 2 hour Glucose values of 6.7 mmol/l and a Std Dev of 1.&ligure 27: Baseline Subjects OGTT

2 hour Glucose (mmol/l)
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Baseline Subjects OGTT: 2 Hour Glucose (mmol/l)

Mean = 7 .88
Std. Dev. =1.811
N =45

Frequency

] 8.0 100
2 Hour Glucose (mmolil)

Figure 27: Baseline Subjects OGTT 2 hour Glucose (mmol/l)

-The OGTT 2 Hour Glucose for baseline subjénts 45)demonstrated a mean of 7.88 mmol/l arété Devof
1.81.

4.1.11HbAl1c (mmol/mal)

The mean HbA1c in the baseline subjects (n = 40) was 43.92 mmol/mol, with a maximum of 53 mmol/mol and
maximum of 53 mmol/mol and a minimum of 37 mmol/mol (range 16 mmol/mol)Rigure 28: Baseline
Subjects: HbAlc (mmol/mol)
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Baseline Subjects HbA1c (mmol/mol)

Mean = 43.93
Std. Dev. = 3.526
N =40

Frequency

50.00

4500
HbAlc (mmolimol)

35.00 40,00

Figure 28: Baseline Subjects: HbAlc (mmol/mol)

-The HbAlc for baseline subjedis = 40)had a mean of 43.83 mmol/mol and a Std Dev of 3wk a maximum of
53 mmol/mol and a minimum of 37 mmol/mol (range 16 mmol/mol)

4.1.12 CGM Glucose Excursion Parameters
As described in Section 2.10, fo@GM basedglucose excursion parameters were

devised and the results at baseline for each subject (n *ed8gen iMable?.

Table 7: Summary of CGM Glucose Parameters Baseline

MEAN Baseline | MEAN Baseline | MEAN Baseline | MEAN Baseline
Av Gl (mmol/l) | AvGl excursion | Av above norm | Av Gl excursion
from Av (mmol/l) Gl (mmol/l) from norm Gl
(mmol/l)
Valid 45 45 45 45
N Missing 0 0 0 0
Mean 6.73 .99 2.23 2.48
Std. Deviation .66 .34 .66 .65
Range 3.13 1.86 3.13 3.02
Minimum 5.27 .36 77 1.03
Maximum 8.40 2.22 3.90 4.05

The CGM Mean Average Glucose for the baseline data (n = 45) was 6.73 nifhevith a maximum and
a maximum and minimum CGM Mean Average Glucose 08.40 and 5.27 mmbl, respectively (Table 7; Figure

respectively(Table 7; Figure 29: Baseline Subjects: CGM Mean Average Glucos@gnmol/l)
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). The CGM Mean Average Glucose Excursion from the Average Glucose (mmolffr the baseline data (n =
45) was 1.0 mmol/l, with a maximum and minimum CGM Mean Average Excursion from the AveragGlucose
of 2.22 and 0.36 mmol/l, respectivelfTable 7, Error! Reference source not foupdlhe CGM Mean Average
Glucose above Normal Glucose (mmol/l) for the baseline data (n = 45) was 2.23 mmol/l, withhaximum and
mmol/l, with a maximum and minimum CGM Mean Average Glucose above Normal Glucose of 3.90 and 0.77
Glucose of 3.90 and 0.77 mmol/l, respective(fable 7; Figure 31: Baseline Subjects CGM: Mean Average
Glucose above Normal Glucose (mmol/l)

). The CGM Mean Average Glucose Excursion from Normal Glucose (mmol/Ipf the baseline data (n = 45)
was 2.49 mmol/l, with a maximum and minimum CGM Mean Average Glucose Excursion from Normal
Glucose of 4.05 and 1.03 mmol/l, respectivelfdble 7, Figure 32: Baseline Subjects CGM: Mean Average
Glucose Excursion from Normal Glucose (mmol/l)

).

Baseline CGM: Mean Average Glucose (mmol/l)

Histogram

Mean = 673
St Dev. = &7
M=45

Frequency

6.00 700 8.00

Mean Average Glucose (mmolil)

Figure 29: Baseline Subjects: CGM Mean Average Glucosgnmol/l)

-The CGM Mean Average Glucose for the baseline data (n = 45) was 6.73 mmol/l, with a maximum and minimum
CGM Mean Average Glucose of 8.40 and 5.27 mmol/l, respectively
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Baseline CGM: Mean Average Glucose Excursion from the
Average Glucose (mmol/l)

Histogram

Mean = 1.00
Stl. Dev. = 345
MN=45

Frequency

k=] 1.00 150 2.00 250

Mean Average Glucose Excursion from the Average
Glucose (mmolll)

Figure 30: Baseline Subjects: CGM Mean Averagéslucose Excursion from the Average Glucose (mmol/l)

-The CGM Mean Average Glucose Excursion from the Average Glucose (mfopltie baseline data (n = 45) was
1.0 mmol/l, with a maximum and minimum CGM Mean Average Excursion from the Average Glucage ahd

0.36 mmol/l, respectively

Baseline CGM: Mean Average Glucose Above Normal Glucose

(mmol/l)
Histogram
Mean = 2.23
Std. Dev. = 67
N=45

Frequency

oo | 200 3.00 4.00

Mean Average Glucose Above Normal Glucose (mmolil)

Figure 31 Baseline Subjects CGM: Mean Average Glucose above Normal Glucose (mmol/l)

-The CGM Mean Average Glucose above Normal Glucose (mmol/l) for the baseline data (n = 45) was 2.23 mmol/I,
with a maximum and minimum CGM Mean Average Glucose above Normal Glucose of 3.90 and 0.77 mmol/l,

respectively
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Bseline CGM: Mean Average Glucose Excursion from Normal
Glucose (mmol/l

Histogram
107 Mean = 2.49
Std. Dev. = B57
. N=45
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Figure 32 Baseline Subjects CGM: Mean Average Glucose Excursion from Normal Glucose (mmol/l)

-The CGM Mean Averag&lucose Excursion from Normal Glucose (mmol/l) for the baseline data (n = 45) was 2.49
mmol/l, with a maximum and minimum CGM Mean Average Glucose Excursion from Normal Glucose of 4.05 and
1.03 mmol/l, respectively

4.1.13CGM Profiles

CGM was conductedon all the subjects at baseline (n= 45). Each CGM profile (Sensor Modal Day) was then

Modal Day) was then inspected by eye and the profiles were placed in one of three groups, according to the
groups, according to the Afl atnesso or fipeakinesso of
labelled least varability , as illustrated in Figure 33: CGM Profile (SAP) - Least Variability: (a subject

illustration)

, medium variability as illustrated in Figure 34: CGM Profile (SAP) - Medium Variability: (a subject
illustration)

and most variability, as illustrated in Figure 35: CGM Profiles (SAP) - Most Variability: (a subject
illustration)

A representative example of each of thdéwee differentprofiles described abovean
be seen in thélustrations below The CGM profiles were inspected blindly by tRé
(CGM profiles SAP) and by an indepemtleobserver (CGM Profiles PUMP); the
independent observer was a Lead Diabetic Specialist NGG®! profiles for each
subject at baseline can beasen the APPENDIX, as APPENDIX 2: Least Variability;
APPENDIX 37 medium variability and APPENIX 4 i most variability.
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Sensor Modal Day Patient:

ID: ipro-005a Medtronic Solutions: CGMS iPro
CGMS iPro 2.2A
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Report Printed: 27-Feb-08 06:45

Figure 33: CGM Profile (SAP) - Least Variability: (a subject illustration)

-Sensor Modal Day demonstrataltiof the glucose data over a 24 hour perfoaim subject IPRE05a, with each day

represented as separate plot line in a different colour.

Sensor Modal Day Patient:
ID: ipro-038a Medtronic Solutions: CGMS iPro
CGMS iPro 2.2A
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Time Of Day
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Report Printed: 03-Mar-08 08:12

Figure 34: CGM Profile (SAP) - Medium Variability: (a subject illustration)

-Sensor Modal Dagemonstratedll of the glicose data over a 24 hour perfooim subject IPREB8a,with each day

represented as separate plot line in a different colou
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Sensor Modal Day Patient:
1D: Ipro-006a Medtronic Solutions: CGMS iPro
CGMS iPro 2.2A

16.7

Glucose - mmoliL

0.0

1
03:00 06:00 09:00 12:00 15:00 18:00 21:00
Time Of Day

T
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Monday Friday

Report Printed: 27-Feb-08 07:03

Figure 35: CGM Profiles (SAP) - Most Variability: (a subject illustration)

-Sensor Modal Dagemonstratedll of the glucose data over a 24 hour perfamn subject ipreD6a, with each day
represented as separate plot line in a different colou

One can see that when the CGM (SAP) profiles were inspécate8), 20% (n = 9)

of them were observed to demonstrate least variability, 48.9% (n = 22) were observed to
demonstrate medium variability and 31.{8c= 14) were observed to demonstrate most
variability. These resultslasely mirrored the independent observers assessment of
variability (

Table 9), which demonstrated 22.2% (n = 10) of the CGRUMP) profiles were
observed to demonstrate least variability, 46.7% (n = 21) were observed to demonstrate
medium variability and 31.1% (n = 14) were observed to demonstrate most variability.
When this was loked at in more detail, there was only a sirdjEagreement between
asses®rs The investigator placed one less CGM profile in the least variability category,

compared to the independent observer (PUN) remainder were identical.

Table 8: Baseline Subjects CGM Profiles (SAP)

Frequency %
least variability 9 20.0
medium variability 22 48.9
most variability 14 31.1
Total 45 100.0

Table 9: Baseline Subjects CGM Profiles (PUMP)
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Frequency %

least variability 10 22.2
medium variability 21 46.7
most variability 14 31.1
Total 45 100.0

At baseline, each of the four CGM parameters described in Section 2.10, were looked at with regard to their
with regard to their relationship with the CGM profile groups. As both the Pl (SAP) and the independent

the independent observer (PUMP) findings were very similar, with regard to the dgee of observed glucose
of observed glucose variation in the subjects CGM profiles, for the purpose of this study, the investigators
study, the investigators observations of CGM Profiles (SAP) were used in the remaining analysis. The CGM
analysis. The CGM parameter Mean Baseline Average Glucose was 6.14 mmol/| fadevariability CGM

least variability CGM profile (SAP), rising to 6.70 mmol/l for medium variability CGM profile (SAP) up to
profile (SAP) up to 7.17 mmol/l for most variability CGM profile (SAP) (Figure 36: Summary: Baseline
Subjects CGM Parameters v CGM Profiles (SAP)

). The CGM parameter Mean Baseline Average Glucose Excursion from Average (mmol/l) was 0.65 mmol/| for
least variability CGM profile (SAP), rising to 0.92 mmol/I for medium variability CGM profile (SAP) up to

1.34 mmol/l for most variability CGM profile (SAP) (Figure 36: Summary: Baseline Subjects CGM

Parameters v CGM Profiles (SAP)

). The CGM parameter Mean Baseline Average Glucose above Normal Glucose (mmol/l) was 1.64 mmol/l for
least variability CGM profile (SAP), rising to 2.20 mmol/l for medium variability CGM profile (SAP), up to

2.67 mmol/l for most variability CGM profile (SAP) (Figure 36: Summary: Baseline Subjects CGM
Parameters v CGM Profiles (SAP)

). The CGM parameter Mean Baseline Average Glucogexcursion from Normal Glucose (mmol/l) was 1.81
mmol/l for least variability CGM profile (SAP), rising to 2.41 mmol/l for medium variability CGM profile

(SAP), up to 3.04 mmol/l for most variability CGM profile (SAP) (Figure 36: Summary: Baseline Subjects
CGM Parameters v CGM Profiles (SAP)

).
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Baseline CGM Profiles

MEAN Baseline Av Gl
(mmalll)

MEAN Baseline AvGl
.00 excursion from Av (mmall)
MEAN Baseline Av above
narm Gl {mmoll)

MEAN Baseline Av G
excursion from norm Gl
(mmalll)

Mean

least variability medium variability most variabilty

Variability

Figure 36: Summary: Baseline Subjects CGM Parameters v CGM Profiles (SAP)

-At baseline, for CGM profile (SAP}he CGM parameter Mean Baseline Average Glucosesviiasmmol/l for leat
variability, rising to 6.70 mmol/l for medium variabilitgnd up to 7.17 mmol/l for most variabilitythe CGM
parameter Mean Baseline Average Glucose Excursion from Average (mmol/l) was 0.65 mmol/| for least variability,
rising to 0.2 mmol/l for medium variabilitytandup to 1.34 mmol/l for most variabilifthe CGM parameter Mean
Baseline Average Glucose above Normal Glucose (mmol/l) was 1.64 mmol/l for least variability, rising to 2.20
mmol/l for medium variabilityand up to 2.67 mmidl for most variability the CGM parameter Mean Baseline
Average Glucose Excursion from Normal Glucose (mmol/l) was 1.81 mmol/l for least variability, rising to 2.41
mmol/l for medium variabilityand up to 3.04 mmol/l for most variability

At baseline,each of the four CGM parameters described in Section 2.10, were looked at with regard to their
with regard to their relationship with the CGM profile groupings. As the degree of variability of the subject
variability of the subject CGM profiles (SAP) observed by eye, increased from least variability toost

variability to most variability, the mean of each of the four CGM parameters was observed to increase also, as
observed to increase also, atiscussed above, which can be seen from thean plots Figure 37: Summary
Baseline Subjects CGM Paramiers v CGM Profile (SAP) - Mean Plots

) (Figure 38: Summary Baseline Subjects CGM Parameters v CGM Profiles (SAR)Mean Plots
) (Figure 39: Summary Baseline Subjects CGM Parameters v CGM Profiles (SAR)Mean Plots

) (Figure 40: Summary Baseline Subjects CGM Parameters v CGM Profiles (SAR)Mean Plots

) respectively.
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Figure 37: Summary Baseline Subjects CGM Paramters v CGM Profile (SAP) - Mean Plots

-As the degree of variability of the subject CGM profiles (SAP) observed by eye, increased from least variability to
most variability, the mean of MEAN Baseline Average Gludoseol/l) was also observed to increase.
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Figure 38: Summary Baseline Subjects CGM Parameters v CGM Profiles (SAR)Mean Plots
-As the degree of variability of the subject CGM profiles (SAP) observed by eye, increased from least variability to

most variability, the meaaf MEAN Baseline Average Glucosxcursion from Average (mmol/l) was also observed
to increase.
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Figure 39: Summary Baseline Subjects CGM Parameters v CGM Profiles (SAR)Mean Plots

-As the degree of variability of the subject CGM profiles (SAP) observed by eye, increased from least variability to
most variability, the mean of MEAN Baseline Averagbove normalGlucose (mmol/l) was also observed to
increase.
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Figure 40: Summary Baseline Subjects CGM Parameters v CGM Profiles (SAR)Mean Plots

-As the degree of variability of the subject CGM profiles (SAP) observed by eye, increased from least variability to
most variability, the mean of MEAN Baseline Averagkicose excursion from norm@lucose(mmol/l) was also
observed to increase.

4.1.14 OGTT Results

The OGTT outcome at baseline for all subjects (n = 45) demonstrated 44.4% (n= 20) subjects with IFG, 40% 9
(n = 18) subjects with both IFG and IGT and 15.6%n = 7) subjects as having IGTTable 10, Figure 41:
BaselineOGTT Outcome
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Table 10: Baseline OGTT Outcome

Frequency | Percent
IFG 20 44.4
IFG+IGT 18 40.0
IGT 7 15.6
Total 45 100.0

Baseline Subjects: OGTT Outcome

507

IFG+ET
OGTT Outcome

Figure 41: BaselineOGTT Outcome

-The OGTT outcome at baseline for all subjects (n = 45) demonstrated 44.4% (n= 20) subjects with IFG, 40% 9 (n =
18) subjects with both IFG and IGT and 15.6% (n = 7) subjects as having IGT.

If one lookedat age at baseline with regard to OGTT outcome, one can see that there were very few young
were very few young adults with IFG, IGT or both, while those who were in middle adulthood appeared to
adulthood appeared to have a fairly even distribution of subjects in all OGTT categories. IFG was

IFG was demorstrated to be more prominent in older subjects, while IGT was demonstrated to be more
demonstrated to be more prominent in subjects of adult retirement ageT@ble 11, Figure 42: Baseline OGTT
Outcome: Age

). If one looked at gender at baseline with regard to OGTT, there appeared to be more male subjects with IFG
and IFG+IGT than females, who themselves appeared to haveore IGT (Table 12, Figure 43: Baseline OGTT
Outcome: Gender

). If one looked at OGTT outcomewith regard to ethnicity, it is very difficult to make any real informative

comments in this instance, given over 90% of the study subjects were Caucasidalfle 13, Figure 44: Baseline
OGTT Outcome: Ethnicity
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). Out of the 20 subjects that had a positiveamily history (FHx) of DM, 60% of them at baseline had
| FG+I1 GT, while this outcome was far | es sTapeald Rigure nt
DM (Table 14, Figure 45: Baseline OGTT Outcome: FHX DM

). If one looked at BMI at baseline with regard to OGTT, it was demonstrated that 62% of the subjects were
classed as obese while only approximately 7% of subjects fell into the normal category. Ob#le subjects that
were obese, over 50% of them had IFGT@ble 15, Figure 46. Baseline OGTT Outcome: BMI

). If one looked at OGTT outcome at baseline with regard to smoking stas, 68% of the subjects were non
smokers and almost 20% of subjects were esmokers, leaving 13% of study subjects that smoked. If one
that smoked. If one looked at the subjects that smoked, 50% had IFG at baseline OGTTable 16, Figure 47:
(Table 16, Figure 47: Baseline OGTT Outcome: Smoking

). If one looked at OGTT outcome at baseline with regard to hypertension, approximately70% of the subjects
had hypertension and aproximately 30% of subjects did not have hypertension. Of those subjects that had
hypertension, more that 80% of them had IFG or IFG+IGT (Table 17, Figure 48: Baseline OGTT Outcome:
Hypertension

). If one looked at OGTT outcome at baseline, approximately the same number of subjects had dyslipidemia to

those who didnét. Of t Hlyslipidemsn,b0% ofthemdadws cather thahiFG£IGTh a v e
and IGT (Table 18, Figure 49: Baseline OGTT Outcome: Dyslipidemia

).

Table 11: Baseline OGTT Outcome:Age

MIXBaseline OGTT result | Total
IFG |IFG+IGT| IGT

. Count 0 0 1 1
baseline age oung adulthood | % within baseline age
groups young g‘;oups 9 00% | 0.0% |100.0% |100.0%
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% of Total 0.0% 0.0% 2.2% 2.2%
Count 1 1 1 3
— -
middle adulthood | ° Within baseline age 33.3%| 33.3% | 33.3% |100.0%
groups
% of Total 2.2% 2.2% 2.2% 6.7%
Count 14 10 2 26
% within baseline age
older adulthood 53.8% | 38.5% 7.7% | 100.0%
groups
% of Total 31.1% | 22.2% 4.4% | 57.8%
Count 5 7 3 15
. — -
adult retirement % within baseline age 33.3% | 2679 | 20.0% |100.0%
age groups
% of Total 11.1% | 15.6% 6.7% 33.3%
Count 20 18 7 45
— -
Total o within baseline age ) 1oc | 4000 | 15.69 | 100.0%
groups
% of Total 44.4% | 40.0% | 15.6% | 100.0%

*MIXBaseline OGTT Result Baseline OGTT result outcome: IFG, IFG+IGT or IGT.

OGTT Outcome v Age

MIXBaseline
OGTT result

[ 1]
WIFG+GT

1259
HicT

10.0

Count
-l
(4,1
1

5.0

2.5

00=

young aduthood  middle adutthood  older adulthood  adult retirement age

baseline age groups

Figure 42: Baseline OGTT Outcome: Age

-If one looked at age at baseline with regard to OGTT outcome, one can dberthatere very few young adults
with IFG, IGT or both, while those who were in middle adulthood appeared to have a fairly even distribution of
subjects in all OGTT categories. IFG was demonstrated to be more prominent in older subjects, while IGT was
denonstrated to be more prominent in subjects of adult retirement age.

Table 12: BaselineOGTT Outcome Gender

MIXBaseline OGTT result Total
IFG IFG+IGT IGT
Count 9 6 4 19
% within Gender 47.4% | 31.6% | 21.1% | 100.0%

Gender | F
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% within MIXBaseline OGTT result | 45.0% | 33.3% | 57.1% | 42.2%
% of Total 20.0% | 13.3% 8.9% | 42.2%
Count 11 12 3 26
M % within Gender 42.3% | 46.2% | 11.5% | 100.0%
% within MIXBaseline OGTT result| 55.0% | 66.7% | 42.9% | 57.8%
% of Total 24.4% | 26.7% 6.7% | 57.8%
Count 20 18 7 45
Total % within Gender 44.4% | 40.0% | 15.6% | 100.0%
% within MIXBaseline OGTT result | 100.0% | 100.0% | 100.0% | 100.0%
% of Total 44.4% | 40.0% | 15.6% | 100.0%

*MIXBaseline OGTT Result Baseline OGTT result outcome: IFG, IFG+IGT or IGT.

OGTT Outcome v Gender

MIXBaseline
CGTT result

[ Lge]
W Fe+cT
WiGT

Count

Gender

Figure 43: Baseline OGTT Outcome: Gender

-If one looked at gender at baseline with regard to OGTT, there appeared to be more male subjects with IFG and
IFG+IGT than females, who themselves appeared to have moré-16Temale; M =male.

Table 13: Baseline OGTT Outcome:Ethnicity

MIXBaseline OGTT result Total
IFG IFG+IGT IGT

Count 19 16 6 41
% within Ethnicity 46.3% | 39.0% | 14.6% | 100.0%
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% within MIXBaseline OGTT result| 95.0% | 88.9% | 85.7% | 91.1%
% of Total 42.2% | 35.6% | 13.3% | 91.1%
Count 1 2 1 4
) % within Ethnicity 25.0% | 50.0% | 25.0% | 100.0%
n.Caucasian — -
% within MIXBaseline OGTT result| 5.0% 11.1% | 14.3% | 8.9%
% of Total 2.2% 4.4% 2.2% 8.9%
Count 20 18 7 45
Total % within Ethnicity 44.4% | 40.0% | 15.6% | 100.0%
% within MIXBaseline OGTT result | 100.0% | 100.0% | 100.0% | 100.0%
% of Total 44.4% | 40.0% | 15.6% | 100.0%

*MIXBaseline OGTT Result Baseline OGTT result outcome: IFG, IFG+IGT or IGT.

OGTT Outcome v Ethnicity

i MIXBaseline
20 QOGTT result

| [§e
BWFG+GT
Wit

Count

caucasian n.caucasian

Ethnicity

Figure 44: Baseline OGTT Outcome: Ethnicity

-If one looked at OGTT outcome with regard to ethnicity, it is very difficult to make any real informative comments
in this instance, given over 90% of the study subjects were Caucasian.

Table 14: Baseline OGTT outcome:FHx DM

MIXBaseline OGTT result Total
IFG IFG+IGT IGT
Count 6 12 2 20
FHx DM | Yes — - -
% within Family History DM 30.0% 60.0% 10.0% 100.0%
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% within MIXBaseline
0, 0, 0, 0,
OGTT result 30.0% 66.7% 28.6% 44.4%
% of Total 13.3% 26.7% 4.4% 44.4%
Count 14 6 5 25
% within Family History DM 56.0% 24.0% 20.0% 100.0%
No % within MIXBaseline
0, 0, 0, 0,
OGTT result 70.0% 33.3% 71.4% 55.6%
% of Total 31.1% 13.3% 11.1% 55.6%
Count 20 18 7 45
% within Family History DM 44.4% 40.0% 15.6% 100.0%
Total % within MIXBaseline 100.0% | 100.0% | 100.0% | 100.0%
OGTT result
% of Total 44.4% 40.0% 15.6% 100.0%

*MIXBaseline OGTT Result Baseline OGTT result outcome: IFG, IFG+IGT or IGT.

Family History Diabetes Mellitus

MIXBaseline
QGTT result

Brc
[ Ienley
Wit

Count

Family History

Figure 45: Baseline OGTT Outcome: FHX DM

-Out of the 20 subjects that had a positive family history (FHx) of DM, 60% of them at baseline had IFG+IGT, while
this outcome was far |l ess prominent in those who didnbo

Table 15: Baseline OGTT Outcome:BMI

MIXBaseline OGTT result Total
IFG IFG+IGT IGT
BMI Normal Count 1 1 1 3
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baseline % within BMI baseline 33.3% | 33.3% | 33.3% |100.0%
% within MIXBaseline OGTT result| 5.0% 5.6% 14.3% | 6.7%
% of Total 2.2% 2.2% 2.2% 6.7%
Count 4 8 2 14
. % within BMI baseline 28.6% | 57.1% | 14.3% | 100.0%
Overweight — -
% within MIXBaseline OGTT result| 20.0% | 44.4% | 28.6% | 31.1%
% of Total 8.9% 17.8% 4.4% | 31.1%
Count 15 9 4 28
obese % within BMI baseline 53.6% | 32.1% | 14.3% | 100.0%
% within MIXBaseline OGTT result| 75.0% | 50.0% | 57.1% | 62.2%
% of Total 33.3% | 20.0% 8.9% | 62.2%
Count 20 18 7 45
Total % within BMI baseline 44.4% | 40.0% | 15.6% | 100.0%
% within MIXBaseline OGTT result | 100.0% | 100.0% | 100.0% | 100.0%
% of Total 44.4% | 40.0% | 15.6% | 100.0%

*MIXBaseline OGTT Result Baseline OGTT result outcome: IFG, IFG+IGT or IGT.

OGTT Outcome v BMI

MXBaseline
OGTT result

Hrc
WErFe+cT
Hict

109

Count

2.22% |2.22% 2.22%

0 T
normal overweight ochese

BMI

Figure 46: Baseline OGTT Outcome: BMI
-If one looked at BMI at baseline with regard to OGTT, it was demonstrated that 62%sabjbets were classed as

obese while only approximately 7% of subjects fell into the normal category. Of those subjects that were obese, over
50% of them had IFG.

Table 16: Baseline OGTT Outcome:Smoking

MIXBaseline OGTT result Total
IFG IFG+IGT| IGT
Smoking non Count 14 13 4 31
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Status smoker % within Baseline Smoking Status | 45.2% | 41.9% | 12.9% | 100.0%
% within MIXBaseline OGTT

70.0% | 72.2% | 57.1% | 68.9%

result
% of Total 31.1% | 28.9% 8.9% | 68.9%
Count 3 1 2 6

% within Baseline Smoking Status | 50.0% | 16.7% | 33.3% | 100.0%
Smoker % within MIXBaseline OGTT

15.0% 5.6% 28.6% | 13.3%

result
% of Total 6.7% 2.2% 4.4% | 13.3%
Count 3 4 1 8

% within Baseline Smoking Status | 37.5% | 50.0% | 12.5% | 100.0%
ex smoker | % within MIXBaseline OGTT

15.0% | 22.2% | 14.3% | 17.8%

result

% of Total 6.7% 8.9% 22% | 17.8%

Count 20 18 7 45

% within Baseline Smoking Status | 44.4% | 40.0% | 15.6% | 100.0%
Total % within MIXBaseline OGTT 100.0% | 100.0% | 100.0% | 100.0%

result

% of Total 44.4% | 40.0% | 15.6% | 100.0%

*MIXBaseline OGTT Result Baseline OGTT result outcome: IFG, IFG+IGT or IGT.

Baseline: Smoking Status

MIXBaseline
OGTT result

Wrc
BEFG+GT

1257 WicT

10.0-

Count
1
w
|

257

non smoker smoker ex smoker

Smoking Status

Figure 47: Baseline OGTT Outcome: Smoking
-If one looked at OGTT outcome at baseline with regard to smokingss8% of the subjectgere nonsmokers

and almost 20% of subjects were-@rokers, leaving 13% of study subjects that smoked. If one looked at the
subjects that smoked, 50% had IFG at baseline OGTT.

Table 17: Baseline OGTT Outcome:Hypertension

MIXBaseline OGTT result | TOTAL
IFG IFG+IGT IGT
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Count 11 15 5 31
% within Baseline Hypertension 35.5% | 48.4% | 16.1% | 100%

yes % within MIXBaseline OGTT result | 55.0% | 83.3% | 71.4% | 68.9%
Baseline % of Total 24.4% | 33.3% | 11.1% | 68.9%
Hypertension Count 9 3 2 14
no % within Baseline Hypertension 64.3% | 21.4% | 14.3% | 100%
% within MIXBaseline OGTT result | 45.0% | 16.7% | 28.6% | 31.1
% of Total 20.0% 6.7% 4.4% 31.1
Count 20 18 7 45

% within Baseline Hypertension 44.4% | 40.0% | 15.6% | 100%
% within MIXBaseline OGTT result | 100.0% | 100.0% | 100.0% | 100%
% of Total 44.4% | 40.0% | 15.6% | 100%
*MIXBaseline OGTT Result Baseline OGTT result outcome: IFG, IFG+IGT or IGT.

Total

Baseline: Hypertension

MIXBaseline
OGTT result

Wrc
BEFG+GT
WicT

Count

Baseline Hypertension

Figure 48 Baseline OGTT Outcome: Hypertension

-If one looked at OGTT outcome at baseline with regard to hypertension, approximately70% of the subjects had
hypertension and approximately 30% of subjects did not have hypertension. Of those subjects that had hypertension,
more that 80% of them had IFG or IFI&T.

Table 18 Baseline OGTT Outcome:Dyslipidemia

| MIXBaseline OGTT result | TOTALS
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IFG | IFGHIGT| IGT
Count 8 9 4 21
% within Baseline Dyslipidemia 38.1% | 42.9% | 19.0% | 100%

Y [ Within MiXBaseline OGTT result | 40.0% | 50.0% | 57.1% | 46.7%
Baseline % of Total 17.8% | 20.0% 8.9% 46.7%
Dyslipidemia Count 12 9 3 24
o % within Baseline Dyslipidemia 50.0% | 37.5% | 12.5% | 100%
% within MIXBaseline OGTT result| 60.0% | 50.0% | 42.9% | 53.3%
% of Total 26.7% | 20.0% 6.7% 53.3%
Count 20 18 7 45

% within Baseline Dyslipidemia 44.4% | 40.0% | 15.6% | 100%
% within MIXBaseline OGTT result | 100.0% | 100.0% | 100.0% | 100%
% of Total 44.4% | 40.0% | 15.6% | 100%

Total

*MIXBaseline OGTT Result Baseline OGTT result outcome: IFG, IFG+IGT or IGT.

Baseline: Dyslipidemia

MIxBaseline
OGTT result

Hrc
WFG+GT
HieT

Count

Baseline Dyslipidaemia

Figure 49: Baseline OGTT Outcome: Dyslipidemia

-If one looked at OGTT outcome at baseline, approximately the same number of subjects had dyslipidemia to those
who didnoét. Of those subj ec ttemWdd &G chthet thanhiFTHCTarel IGA Y s | i pi d

4.1.15 Summary Chapter 4

In summary, at baseline more men than womeiparticipated in study (60:40 splif) and over 90% ofthe total

over 90% ofthe total baseline subjectdell into the older adulthood or retirement age group The majority of
group. The majority of subjects at baseline wer€aucasian (>90%) and obese (63%)lt was demonstrated

was demonstrated that approximately halfof the baseline subjects had a positive FHx of DM and 10%

smoked. Interestingly, 70% of baseline subjects were on prescribed mediaatifor hypertension and 50% of
them were on prescribed medication for dyslipidemia. At baseline, the mean subject FPG was 6.25 mmol/l, the
mean subject 2 hr OGTT result was 7.87 mmol/l and the mean subject HbAlc was 43.92 mmol/ninlgeneral,
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when the CGM profiles (SAP)were inspectedy eye, approximately20% of them were thought to
demonstrate least variability, 50% mediumvariability and 30% most variability. As the degree of variability
of the subject CGM profiles (SAP) increased from least variabilitto most variability, the mean of each of the
four CGM parameters was observed to increase als&igure 36. Summary: Baseline Subjects CGM
Parameters v CGM Profiles (SAP)

), which is what you would expect to obser/eom the OGTTat baseline for study
subjects, one can suggest that IFG is most prominent in older, obese males, who smoke

and have hypertension.
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5.0Results: Study Data: Analysis ofYear 1 and Year 3 Data

5.1Analysis Variables

At Year 1, all subjects from the baseline study were invited back fanaysis.At
Year 1, a number of parametesere analysed, including age astudy follow up
interval, BMI, OGTT Ohrs (FPG), OGTT 2 hour${bAlc, CGM Glucose Excursion
Parameterand CGM Profiles At Year 3, \ariables which were analysed linded age
and follow up interval, BMI, OGTT @rs (FPG) and HbA1cThe aim of this was to
identify any @mrameterthat demonstrged trends associated with progrgsn to DM
(T2DM).

At baseline thee were 45 subjects (n = 45) and out of these 37 (n = 37) returned for re
analysis. Therefore, 82.2% of subjectsateended at Year 1At Year 3, 15.6% of the
original baseline subjects (n = 7) did not return feamalysis and 84.4% (n = 38) did, a
respnse rate of 84.4%. This was an increase of 2.2% in response rate compared to Year
1. The subjects that developed DM (T2DM) at Year 1 were also included in the subjects
invited for reanalysis at Year 3.

5.1.1Age (years)

At Year 1 and Year 3, approximatel$0% of subjects returnedor re analysis
Approximately 80% of these were eith@der adultsor aduls of retirement ageWhen
baseline age categories were compared to Year 1 and Year 3 subjects, one can see that
the majority ofsubjects were still in older adulthood or of adult retirement age. When
we looked back to see tf@GTT statusat baseline for the non returners at both Year 1
and Year 3 respectivel$0% of them had IFGNhen we looked at thillow up time
interval betveen subjects attendirfgr re-analysiswe can see fronTable 19 that at
Year 1, the mean time interval for re attendance from baseline was 1.3mmaamsium
2.377 minimum 0.85 yeaps At Year 3, the mean time interval foragendance from
baseline was 3.64 years (maximum 4i.’A&inimum 2.74). The interval between Year 1

and Year 3 attendances was 2.32 years.
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Table 19: Baseline, Year 1 and Year 3: Rattendance Intervals

interval (0 to 1) | interval (0 to 3) | interval (1 to 3)
years years years
Valid 36 38 34
N Missing 9 7 11
Mean 1.31 3.64 2.32
Std. Deviation .35 .48 .32
Range 1.52 2.01 1.49
Minimum .85 2.74 1.65
Maximum 2.37 4.75 3.14

5.1.2Body Mass Index (BMI)

At baseline 31.1% (n = 14) were cladses being overweight and 62.2% (n = 28) fell
into the obese categgmnean BMI at baseline was 33.2G Year 1, the n = 37 subjects
were reassessed for BMand f one takes into account an 82.2% return rateost

60% werestill classed asbese with a mean BMI of 33.48imilar findings were also
seen at Year,3vhereBMI meanwas 32.54If one takes into account an 84.4% return
rate, over 50% were classed dsese albeit with a slight improvement in BMI from
previous yearsin general however, the majority of subjects in this study were either
overweight or obeséTable 20). Interestingly, all of the subjects that were obese at

baseline were still obese at Year 3.

Table 20: BMI: Summary - Baseline, Year 1 and Year 3

N Minimum Maximum Mean Std. Deviation
Baseline BMI (kg/m”2) 45 21.59 48.65 33.26 6.50
Year 1 BMI (kg/m”"2) 37 20.44 47.37 33.48 6.49
Year 3 BMI (kg/m”2) 38 19.38 49.15 32.54 6.93
Valid N 34

5.1.30GTT 0 minutes Glucose (mmol/l)

At baseline, the mean subject FPG was 6.25 mmaliich increasedn a stepwise
fashion as the study progresseidh time. At Year 1, the mean subject OGTT at 0
minutes Glucose (mmol/l) i.e. the FPG was 6.24 mmol/l. The minimum FPG was 4.20
mmol/l and themaximum was 7.70 mmol/l, with a range of 3.50 mmadl/lfle 21,
Figure50: Year 1 Subjects OGTT: FPG min (mmol/l).
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Table 21: OGTT 0 minutes Glucose (FPG): Summary:= Baseline, Year 1 and Year 3

N Minimum Maximum Mean Std. Deviation
Baseline OGTT 0 mins
45 4.8 6.9 6.25 .45
(mmol/l)
Year 1 OGTT 0 mins
36 4.20 7.70 6.24 71
(mmol/l)
Year 3 FPG (mmol/L) 37 4.60 16.30 6.96 1.83
Valid N 32

Year 1 Subjects OGTT : FPG - Omin (mmol/l)

Mean = 6.24
Std. Dev. =71
M =36

Frequency

500 500
FPG [0 min] (mmolil)

Figure 50: Year 1 Subjects OGTT: FPG- 0 min (mmol/l)

-At Year 1 (n = 36), the mean FPG was 6.24 mmol/l and the Std Dev was 0.71

At Year 3, FPG was performed andused as outcome indicatgrinstead of OGTT. Although ethical approval
Although ethical approval was obtained for a OGTT at Year 3, when the study subjects contacted and invited
contacted and invited backthey were not keerto have OGTT, however, they were happy to attend foa FPG.
happy to attend for a FPG. Therefore, in order to gain a Year 3 outcomeé=PG wasused.The mean fasting

The mean fasting plasma glucose (FPG) at Year 3 (n = 37) was 6.96 mmol/l, which was an increase of 0.71
an increase of 0.71 mmol/l from baseline. At Year 3, the maximum FPG demonstrated was up to 16.30 mmol/l,
was up to 16.30 mmol/l, wth a corresponding minimum FPG of 4.60 mmol/l. The range at Year 3 was 11.70

at Year 3 was 11.70 mmol/l compared to the baseline range of 2.1 mmalidure 51: Year 3 Subjects OGTT:

FPG - 0 min (mmol/l)
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). This demonstrated a degref FPG instabity, as atYear 1, (n = 8) subjects had
progressed and had crossed the threstw@M (T2DM) (a subject ratio of 61: 1 -
IFG+IGT: IFG: IGT). At Year 3,a further (n = 13) subjectiad progressed and
demonstrated DM (T2DMbased on FPGpver 50% of which were IFG+IGT at Year

1), which was almost 50% of the study subjelftene lookedat the baseline OGTT of

the subjects (n = 21) who had progressed to DM by Ye@a3ed on FPGh subject

ratio of 9:3:91 IFG+IGT: IGT: IFG was demonstratede. 86% of the subjects (divided
equally) were either a mix of IFG+IGT or purely IF@ad progressed to DM (TDM) by
Year 3 If one looked at the FPG at Year 3 of the (n = 8) subjects found to be DM at
Year 1, all of themconinued to have elevatet PG O 6 . &xceph mre(this |

subject was taking oral ardiabetic medication

Year 3 Subjects FPG (mmolll)

Histogram

307 Mean = 6.97
Stel. Dev. = 1.336
N=37

Frequency

7.50 10.00 1 2I.50 1 SI.UU 17.50
Year 3 FPG (mmoliL)
Figure 51: Year 3 Subjects OGTT: FPG- 0 min (mmol/l)

-FPG for Year 3 subjects demonstrated a mean of 6.96 mmol/| Sitiev of 1.83.

5.1.40GTT 2 Hour Glucose (mmol/l)

At baseline, he mean 2 Hour Glucose (mmol/ljvas 7.87 mmol/l, with a range of 6.7 mmol/l. The OGTT 2
mmol/l. The OGTT 2 Hour Glucose at Yearl was8.04 mmol/l,an increase 0f0.17 mmol/l. At Year 1, the
mmol/l. At Year 1, the maximum value wasl2.70 mmol/l and theminimum value was4.4 mmol/l, with an
4.4 mmol/l, with an increasedrange of8.30 mmol/I(Table 22, Figure 52: Year 1 Subjects OGTT [2 hours]

(mmol/l)
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). At Year 1, (n = 8)subjectshad progressed t62DM and of these only one of these
had pue IGT at baselinethe majority of them (75%) had IFG+IGTn this study, an
OGTT was not conducted at Year @& when thestudy subjects were contacted and
invited back for OGTT, they were not keen to have it; they did however, consent for

FPG,which wasusedas an indicator of outcome.

Table 22: OGTT 2 hours (mmol/l): Summary - Baseline and Year 1

N Minimum Maximum Mean Std. Deviation
Baseline OGTT 120 mins
45 4.3 11.0 7.87 1.81
(mmol/l)
Year 1 OGTT 120mins
36 4.40 12.70 8.04 2.06
( mmol/l)
Valid N 36

Year 1 Subjects OGTT : 2 Hour Glucose (mmol/l)

Mean = 5.04
Stel. Dev. = 2.083
M =36

Frequency

g.00 10.00 12.00

2 Hour Glucose (mmolll)

Figure 52: Year 1 Subjects OGTT [2 hours] (mmol/l)

-At Year 1 (n = 36), the 2 hour subject OGTT mean was 8.04 mmol/l and the Std Dev was 2.06.

5.1.5HbAl1c (mmol/mol)

At 1 Year, the mean subject HbAldn = 37) was 45.08 mmol/mawith a maximum of 62.0 mmol/mol and a
62.0 mmol/mol and a minimum of 37 mmol/mal, rising from 43.92 mmol/mol at baseline to 48.84 mmol/mol in
baseline to 48.84 mmol/mol in subjects at Ye&. The minimum HbAlc at Year 3was 38 mmol/mol and tfe
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38 mmol/mol and the maximum was 105 mmol/mol, giving a range of 67 mmol/molhich was increased
compared to the baseline range df6 mmol/mol (Table 23, Figure 53: Year 1 Subjects HbAlc (mmol/mol)

and Figure 54: Year 3 Subjects HbA1c (mmol/mol)

).

Table 23: HbAlc: Summary - Baseline,Year 1 and Year 3

N Minimum | Maximum Mean Std. Deviation
Baseline HbAlc (mmol/l) 40 37.00 53.00 43.92 3.82
Year 1 HbAlc (mmol/l) 37 37.00 62.00 45.08 4.76
Year 3 HbA1c (nmol/mol) 38 38.00 105.00 48.84 12.28
Valid N 31

Year 1 Subjects HbA1c (mmol/mol)

Mean = 45.08
Std. Dev. = 4769
M =37

Frequency

35.00 40.00 45.00 50.00 55.00 &0.00 £5.00
HbAlc (mmolimol)

Figure 53: Year 1 Subjects HbAlc (mmol/mol)

-At Year 1 (n = 37), the mean HbAlc was 45.08 mmol/mol and the Std Dev véas 4.7
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Year 3 Subjects HbA1c (mmol/mol)

Mean = 45 84
Std. Dev. =12.286
M =38

1257

10.0

Frequency

5.0

257

0 d

80.00 80.00 100.00
HbA1c (mmolimol)

oo

T T T
2000 40.00 12000

Figure 54: Year 3 Subjects HbAlc (mmol/mol)

-At Year 3, (n = 38), ta mean HbAlc wa48.84 mmol/moknd the St Dev was 12.26.

5.16 CGM Glucose Excursion Parameters

As described in Section 2.10, four CGM based glucose excursion parameters were
devised and the results at Year 1 for each subject (n = 37) are Sebntims study,

CGM was not conducted at Year 3, as when shely subjects were contacted and
invited back, they were not keen to haveint addition, Pl/fundingavailability at this

time was also limiting factor.

Table24). In this study, CGMwas not conducted at Year 3, as whenstely subjects
were contacted and invited back, they were not keen to haweaddition, Pl/funding

availability at this time was also limiting factor.

Table 24: Summary of CGM Glucose Parameters Year 1

MEAN Yearl MEAN Yearl MEAN Yearl MEAN Yearl
AvGl (mmol/l) | AvGI excursion | Av above norm | AvGl excursion
from Av Gl (mmol/l) from norm Gl
(mmol/l) (mmol/l)
Valid 37 37 37 37
N Missing 8 8 8 8
Mean 6.89 1.15 2.39 2.70
Std. Deviation 1.04 .58 1.04 1.10
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Range 5.44 3.00 5.44 5.16
Minimum 5.03 A1l .53 1.03
Maximum 10.47 3.41 5.97 6.19

Table 24 is a summary of th€GM glucose parameters at Year 1. Each of these 4

parameters was then lookedmpared at baseline to year 1.

CGM Mean Average Glucose for the Year 1 data (n = 37) was 6.89 mmaitl Year 1, compared to a lower
compared to a lower baseline value of 6.73 mmal/The maximum and minimum CGM Mean Average Glucose
Mean Average Glucoseat Year 1was 10.47 and 5.03 mmolfla range of 5.44 mmol/l)compared to range of
compared to range of 3.13 mmol/kat baseline(Table 25, Figure 55: Year 1 Subjects CGM Mean Average

Glucose (mmol/l)

Table 25: Comparison Table: CGM Mean Average Glucose (mmol/l)
N Minimum Maximum Mean Std. Deviation
MEAN Baseline Av Gl
45 5.27 8.40 6.73 .66
(mmol/l)
MEAN Yearl AvGl (mmol/l) 37 5.03 10.47 6.89 1.04
Valid N 37

MEAN Year1 AvGl (mmolll)

129 IMean = 6.39
Std. Dev. = 1.044
N=37

Frequency

7.00 8.00 9.00 10.00 11.00

MEAN Year1 AvGI (mmolll)

Figure 55 Year 1 Subjects CGM Mean Average Glucose (mmol/l)
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-CGM Mean Average Glucose for the Ydadata (n = 37) was 6.89 mmol/l, witnaaximum and minimum CGM
Mean Average Glucosef 10.47 and 5.03 mmol/l (a range of 5.44 mmol/l)

The CGM Mean Average Glucose Excursion from the Average Glucose (mmolffr Year 1 data (n = 37) was
1.15 mmol/l compared to a lower excursion at baseline of 0.99 mmolflhe maximum and minimum CGM
Mean Average Excursion from the Average Gucose was 3.4 and 0.41 mmol/l(a range of3.0 mmol/l),
compared to asmaller range of 1.86 mmol/lat baseline(Table 26, Figure 56: Year 1 Subjects CGM Mean

Average Glucose Excursion from the Average Glucose (mmol/l)

).

Table 26: Comparison Table CGM Mean Average Glucose Excursionrbm the Average Glucose (mmol/l)

N Minimum Maximum Mean Std. Deviation
MEAN Baseline AvGl

) 45 .36 2.22 .99 .34

excursion from Av (mmol/l)
MEAN Yearl AvGlI

. 37 41 3.41 1.15 .58

excursion from Av (mmoll/l)
Valid N 37

MEAN Year1 AvGl excursion from Av (mmolll)

Mean =115
Std. Dev. = 583
M =37

12,57

Frequency

| T
3.00 4.00

1.00 200
MEAN Year1 AvGl excursion from Av (mmol/l)

Figure 56: Year 1 Subjects CGM Mean Average Glucose Excursion from the Average Glucose (mmol/l)

-The CGM Mean Average Glucose Excursion from the Average Glucose (mfaoplf)e Year 1 data (n = 37) was
1.15 mmol/} with amaximum and minimm CGM Mean Average Excursion from the Averadad@se 0f3.41 and

0.41 mmol/l (a range of 3.0 mmol/l)
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The CGM Mean Average Glucose above Normal Glucose (mmol/l) for the Year 1 data (n = 37) was®2.3
mmol/l, compared to a mean at baseline of 2.23 mnibIThe maximum and minimum CGM Mean Average
Glucose above Normal Glucosat Year 1 was5.97 and 0.53 mmol/{range of 5.44 mmol/l) compared to a
reduced range at baseline of 3.13 mmo]/tespectively(Table 27, Figure 57: Year 1 Subjects CGM: Mean
Average Glucose above Normal Glucose (mmol/l)

)-

Table 27: Comparison Table: CGM Mean Glucose above Normal Glucos (mmol/l))

N Minimum Maximum Mean Std. Deviation
MEAN Baseline Av above
45 77 3.90 2.23 .66
norm Gl (mmol/l)
MEAN Yearl Av above
37 .53 5.97 2.39 1.04
norm Gl (mmol/l)
Valid N 37

MEAN Year1 Av above norm Gl (mmolil)

Mean = 2.39
Stel. Dev. = 1.044
M =37

Frequency

1.00 200 3.00 4.00 500
MEAN Year1 Av above norm Gl (mmolil)

Figure 57: Year 1 Subjects CGM: MeanAverage Glucose above Normal Glucose (mmol/l)

-The CGM Mean Average Glucose above Normal Glucose (mmol/l) for the Year 1 data (n = 37) was 2.39 mmol/l,
with a maximum and minimum CGM Mean Average Glucose above Normal Glucose at Year 1 of 5.97 and 0.53

mmad/l (range of 5.44 mmol/l).
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The CGM Mean Average Glucose Excursion from Normal Glucose (mmol/l) for the Year 1 data (n = 37) was
2.70 mmol/l compared to 2.48 mmol/l at baselineThe maximum and minimum CGM Mean Average Glucose
Excursion from Normal Glucose was 6.19 and 1.03 mmo#Ht Year 1 with a range of5.16 mmol/l (compared to
a reduced range of 3.02 mmol/l at baselin€Yable 28, Figure 58: Year 1 Subject CGM: Mean Average
Glucose Excursionfrom Normal Glucose (mmol/l)

).

Table 28: Comparison Table: CGM Mean Average Glucose Excursion from Normal Glucose (mmol/l)

N Minimum Maximum Mean Std. Deviation

MEAN Baseline Av Gl

excursion from norm Gl 45 1.03 4.05 2.48 .656
(mmol/l)

MEAN Yearl AvGI

excursion from norm Gl 37 1.03 6.19 2.70 1.10
(mmol/l)
Valid N 37

MEAN Year1 AvGl excursion from norm Gl (mmolil)

Mean =270
Stl. Dew.=1.108
=37

1257

1007

757

Frequency

4EN
y

0o

—

1 | 1
1.00 2.00 300 400 500 6.00 7.00
MEAN Year1 AvGl excursion from norm Gl (mmolll)

Figure 58 Year 1 Subject CGM: Mean Average Glucose Excursiofrom Normal Glucose (mmol/l)

-The CGM Mean Average Glucose Excursion from Normal Glucose (mmol/l) for the Year 1 data (n = 37) was 2.70
mmol/l, with a maximum and minimum CGM Mean Average Glucose Excursion from Normal Glucose of 6.19 and

1.03 mmol/l (rang®f 5.16 mmol/l).
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5.1.7CGM Profiles

CGM was done on all the subjects at Year 1 (n= 37). Each CGM profile (Sensor Modal
Day) was then inspected by eye and the profiles were placed in one of three groups,
according to the offolfattrhees spor odri | fep e arkhien et sh
least variability, medium variability and most variabilis at baseline, ach subject

CGM profile wasthenplaced into one of these groups following inspectidme CGM
profiles were inspected blindly bthe investigator (CGM profiles SAP) and by an
independent observer (CGM Profiles PUM@)e independent observer was a Lead
Diabetic Specialist NurselCGM profiles for each subject at Year 1 can bensedhe
APPENDIX, as APPENDIX 2: Least Variability; PPENDIX 37 medium variability
andAPPENDIX 47 most variability.

Table 29: Year 1 Subjects CGM Profiles (SAP)

Frequency %
6non return 8 17.8
least variability 8 17.8
Valid medium variability 16 35.6
most variability 13 28.9
Total 45 100.0

In Table29, out of the 4%aseline subjects, n = 8 (17.8%)l notattend at Year 1 and
were classed as 6énon returnersod. (SBBHe <car
profiles were observed to demonstrate least variability, 35.6% (n = 16) were observed to
demonstrate medium variability and 28.9% (n = 13) were observed to demonstrate most
variability. These result€losely mrrored the independent observassessment of
variability (Table30).

Table 30: Year 1 Subjects CGM Profiles (PUMP)

Frequency %
6non return 8 17.8
leastvariability 9 20.0
medium variability 16 35.6
most variability 12 26.7
Total 45 100.0
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In Table30, out of the 45 baseline subjects n = 8 (17.88i),notattend at Year 1 and
wer e c | aosns erde tddsie cansee dhat 20% (n = 9) of the CEGMIMP)

profiles were observed to demonstrate least variability, 35.6% (n = 16) were observed to
demonstrate medium variability and 26.7% (n = 12) were observed to demonstrate most

variability. These resultslosely mirrored the investgors assessment of varilély.

When this was looked at in more detail, there were two disagreements between
assessors. The investigator placed one less CGM profile in the least variability category,
compared to the independent observer (PUMPp placed the subjemn the medim

category also the investigator placed one more subject in the most variability category
compared to the independent observer (PUMP) who placed it in the medium variability

category the remainder were identical.

As one was interested in progression oM (T2DM), one looked at what happened alYear 1 with regard to
Year 1 with regard to the CGM profiles visually and whetherthe categories the subjects were places into by
were places into by eye hadny bearing on what the oticome wasat year 3. Thethree subjects that were
subjects that were illustrated at baselire were IPRG-05a, IPRO-38a and IPRO-06a. At Year 1, these subjects
Year 1, the® subjects were labelled IPR@?5h, IPRO-38b and IPRO-06b, respectivelyand can be seen

and can be seen illustrated belowWFigure 59: CGM Profile (SAP): Subject IPRO-05b

, Figure 60: CGM Profile (SAP): Subject IPRO-38b

and Figure 61: CGM Profile (SAP): Subject IPRO-06b

).
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Figure 59: CGM Profile (SAP): Subject IPRO-05b

-Sensor Model Day over a 24 hour period, each day represented by as a separate plot line in a differ&@kblour.
profile (SAP) categorised as having medium varigbdt Year 1.
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Figure 60: CGM Profile (SAP): Subject IPRO-38b

-Sensor Model Day over a 24 hour period, each day represented by as a separate plot line in a differ€&®kblour.
profile (SAP) categorised as having most variability at Year 1.

102



Sensor Modal Day Patient:

1D: ipro-006b Medtronic Solutions: CGMS iPro
CGMS iPro 2.2A

222

Glucose - mmol/iL

0.0

I | | I 1
03:00 06:00 09:00 12:00 15:00 18:00 21:00
Time Of Day

Sunday Tuesday Thursday Saturday

Monday Friday

Report Printad: 04-Mar-08 05:24

Figure 61: CGM Profile (SAP): Subject IPRO-06b

-Sensor Model Day over a 24 hour period, each day represented by as a separate plot line in a differ€@kblour.
profile (SAP) categorised as having most variability at Year 1.

At baseline, IPR&5 CGM profile (SAP) was categorised laaving least variability

and at Year 1 this had changed to medium variability. However, the OGTT result at
baseline had not chgad andsubject IPRG05 remained IFGT at Year 1At Year 3,
IPRO-05 was not a diabetic on FPG testiAd.baseline, IPREB8 CGM profile (SAP)

was categorised dmvingmedium variability and at Year 1, this had changelawang

most variability At baseline and Year 1, subje&% had IFG and at Year 3 was DM o
FPG testing. At baseline, IPR@ CGM profile (SAP) was categorised as being most
variable and at Year 3, this remained the casebaseline subject IPRO6 had
IFG+IGT at baseline and was DM2DM) at year 1. Just looking at these examples, it

may be that the CGM profile category at baseline may have a bearing on the outcome.

At Year 1, each of the four CGM parameters described in Section 2.10, were looked at
with regard to their relationghiwith the CGM profile groups. As both the Investigator
(SAP) and the independent observer (PUMP) findings were very similar, with regard to
the degree of observed glucose variation in the subjects CGM profiles, for the purpose
of this study, the investigars observations of CGM Profiles (SAP) were used in the
remaining analysis. As the degree of variability of the subject CGM profiles (SAP)
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increased from least variability to most variability, the mean of each of the four CGM

parametersvas observed to arease also

The CGM parameter Mean Year 1 Average Glucose was 5.96 mmol/l for least variability CGM profile (SAP),
variability CGM profile (SAP), rising to 6.65 mmol/l for medium variability CGM profile (SAP) up to 7.16
profile (SAP) up to 7.16 mmol/l for most variability CGM profile (SAP) (Figure 62: Summary: Year 1 Subjects
CGM Parameters v CGM Profiles (SAP)

). The CGM parameter Mean Year 1 Average Glucose Excursion from Average (mmol/l) was 0.65 mmol/l for
least variability CGM profile (SAP), rising to 0.97 mmoll for medium variability CGM profile (SAP) up to

1.68 mmol/l for most variability CGM profile (SAP) (Figure 62: Summary: Year 1 Subjects CGM Parameters
v CGM Profiles (SAP)

). The CGM parameter Mean Year 1 Average Glucose abovedximal Glucose (mmol/l) was 1.48 mmol/l for
least variability CGM profile (SAP), rising to 2.15 mmol/I for medium variability CGM profile (SAP), up to
3.26 mmol/l for most variability CGM profile (SAP) (Figure 62 Summary: Year 1 Subjects CGM Parameters
v CGM Profiles (SAP)

). The CGM parameter Mean Year 1 Average Glucose Excursion from Normal Glucose (mmol/l) was 1.68
mmol/l for least variability CGM profile (SAP), rising to 2.38 mmol/l for medium variability CGM profile

(SAP), wp to 3.73 mmol/l for most variability CGM profile (SAP) (Figure 62: Summary: Year 1 Subjects CGM
Parameters v CGM Profiles (SAP)

).

Year 1 CGM Profiles

MEAN Year! AvGl (mmall)
MEAM Yearl AvGl
excursion from Av (mmall)
5.007 MEAN Yearl Av above
norm Gl (mmoll)
MEAN Yearl AvGl
excursion from norm Gl
(mmald)
6.007
=
[
=
4.007
2.00-
0.00-

least variakhility medium variability most variahility

Glucose Variability

Figure 62 Summary: Year 1 Subjects CGM Parameters v CGM Profiles (SAP)

-The CGM parameter Mean Year 1 Average Glucose was 5.96 mmol/l for least variability @@kl (SAP), rising
to 6.65 mmol/l for medium variability CGM profile (SAP) up to 7.16 mmol/l for most variability CGM profile
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(SAP). The CGM parameter Mean Year 1 Average Glucose Excursion from Average (mmol/l) was 0.65 mmol/l for
least variability CGMprofile (SAP), rising to 0.97 mmol/l for medium variability CGM profile (SAP) up to 1.68
mmol/l for most variability CGM profile (SAP). The CGM parameter Mean Year 1 Average Glucose above Normal
Glucose (mmol/l) was 1.48 mmol/l for least variability CGMofile (SAP), rising to 2.15 mmol/l for medium
variability CGM profile (SAP), up to 3.26 mmol/l for most variability CGM profile (SAP). The CGM parameter
Mean Year 1 Average Glucose Excursion from Normal Glucose (mmol/l) was 1.68 mmol/l for least warabillt

profile (SAP), rising to 2.38 mmol/l for medium variability CGM profile (SAP), up to 3.73 mmol/l for most
variability CGM profile (SAP).

At Year 1, each of the four CGM parameters described in Section 2.10, were looked at with regard to their
with regard to their relati onship with the CGM profile groupings. As the degree of variability of the subject
variability of the subject CGM profiles (SAP) observed by eye, increased from least variability to most
variability to most variability, the mean of each of the four CGM parameters was observed to increase also, as
observed to increase also, as senm the mean plots Figure 63: Summary: Year 1 Subjects CGM

Parameters v CGM Profiles (SAP) Mean Plots

a-d). The mean plots demonstrateda#ly positive linear correlation for each of these

graphically, indicating a likely relationshigtween these two variables.

8.00—

7.507

7.00—

G.50

Mean of MEAN Year1 AvGl (mmolil)

.00

5.50

T T T
least variability medium variabiltty most variability

Year 1 CGM profiles SAP

Figure 63 Summary: Year 1 Subjects CGM Parameters v CGM Profiles (SAP) Mean Plots
-As the degree of variability of the subject CGM profiles (SAP) observed by eye, increased from least variability to

most variability, the mean of MEAN Baseline Avera@kicose excursion from norm@lucose(mmol/l) was also
observed to increase.
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Figure 63 Summary: Year 1 Subjects CGM Parameters v CGM Profiles (SAP) Mean Plots

-As the degree of variability of the subject CGM profiles (SAP) observed by eye, increased from least variability to
most variability, the mean of MEAN Baseline Avera@kicose excursion from norm@lucose(mmol/l) was also
observed to increase
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Figure 63: Summary: Year 1 Subjects CGM Parameters v CGM Profiles (SAP) Mean Plots
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-As the degree of variability of the subject CGM profiles (SAB3erved by eye, increased from least variability to
most variability, the mean of MEAN Baseline Average Glucose excursion from normal Glucose (mmol/l) was also
observed to increase.

4.00

3.0

3.00

2309

2.00

1.307

Mean of MEAN Year1 AvGl excursion from norm Gl (mmol/l)

T T T
least variability medium variahilty most variakbility

Year 1 CGM profiles SAP

Figure 63: Summary: Year 1 Subjects CGM Parameters v CGM Profiles (SAP) Mean Plots

-As the degree of variability of the subject CGM profiles (SAP) observed by eye, increased from least variability to
most variability the mean of MEAN Baseline Average Glucose excursion from normal Glucose (mmol/l) was also
observed to increase.

5.1.80GTT Results

At Year 1, 20% (n = 9) of subjects either did not return or refused an OGTT, respectively. These were labelled
respectivel y. T hes e owthea Tablelbaldwe(h 3 8¢lid noreturnéandi (rs=sl) refupdd a
and (n = 1) refused a repeat OGTT. The OGTT outcome at Year 1 for all subjects (n = 36), taking into account
36), taking into account those whalid not return, demonstrated 22.5% (n = 10) subjects had IFG, 15.6% (n =
had IFG, 15.6% (n = 7) subjects had bothFG and IGT, 11.1% (n = 5) subjects had IGT and 15.6% (n = 7)

and 15.6% (n = 7) hadprogressed toDM (T2DM) ( Table 31; Figure 64: Year 1 Subjects OGTT Outcome

Table 31: MIX Year 1 OGTT Result

Frequency %
6 Mi ss 9 20.0
DM 7 15.6
IFG 10 22.2
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IFG+IGT 7 15.6

IGT 5 11.1
NGT 7 15.6
Total 45 100.0

MiXYear 1 OGTT Result

204

%

o
1
3]
=]

15.56

FG FG+IGT NGT
MIXYear 1 OGTT Result

Figure 64: Year 1 Subjects OGTT Outcome

- The OGTT outcome at Year 1 for all subjects (n = 36), taking into account those who did not retcreafthbar)
demonstrated 2292 (n = 10) subjects had IFG, §% (n = 7) subjects had both IRE&d IGT, 11.1%n = 5) subjects
had IGT and 15% (n = 7) had progressed to DM (T2DM)

If one looked at OGTT outcome at Year 1 (n = 36), for female gender, after taking into account those wttid
not return, 31.6% (n = 6) had IFG, 15.8% (n = 3) had IFG+IGT, 10.5% (n = 2) had IGT, 0% had DM (T2DM)
and 10.5% (n = 2) had NGT (normal glucose tolerance). If OGTT outcome at Year 1 was looked at for male
gender, after taking into account those whalid not return, 15.4% (n = 4) of the male gender had IFG, 15.4%
(n=4) had IFG+IGT, 11.5% (n = 3) had IGTand 4.4% (n = 5) had NGT.Approximately 1/3 of the male
gender at Year 1 had progressed to DM (T2DM)36.9% (n = 7). Further analysis of this data demonstrated
that 60% of females had IFG versus 40% of males, 42.9% éemales had IFG+IGT versus 57.1% of males,
40% of femaleshad IGT versus 60% of malesaand 28.6% females had NGT versus 57.8% malekterestingly,
100% males were found to have progressed to having DM (T2DM) at Year(Eigure 65: MIX Year 1 OGTT
Outcome: Gender

); no females had

108



MIX Year 1 OGTT: Gender
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Figure 65: MIX Year 1 OGTT Outcome: Gender

-The OGTT outcome at Year 1 (n = 36), for female gender, taking into account those who did ngtresmnrbar),

31.6% (n = 6) had IFG, 15.8% (n = 3) had IFG+IGT, 10.5% (n = 2) had IGT, 0% had DM (T2DM) and 10.5% (n = 2)
had NGT (normal glucose tolerance). If OGTT outcome at Year 1 was looked at for male gender, taking into account
those who did not retn (cream bar), 15.4% (n = 4) of the male gender had IFG, 15.4% (n = 4) had IFG+IGT, 11.5%
(n=3) had IGT and 4.4% (n = 5) had NGT

If one looked at OGTT outcome at Year 1 for ethnicity, out of the (n = 41) Caucasians subjectsbaseline
17.1% (n =7) did not return or refused repeat OGTT at Year 1; 22% (n = 9) had IFG, 17.1% (n = 7) had IFG
+1GT, 12.2 % (n = 5) had IGT, 17.1% (n = 7) had DM (T2DM) and 14.6% (n = 6) had NGT. With regard to (n
= 4) Non Caucasian subjects at baseline, 50% (n = 2)tbem did not return for repeat OGTT at Year 1; 25%
(n=1) had IFG, 0% had IFG+IGT, IGT and DM (T2DM) and 25% (n = 1) had NGT. Further analysis of this
data demonstrated that 90% of Caucasians versus 10.0% of Non Caucasians had IFG, 100% of Caucasians
versus 0% of Non Caucasians had IFG +IGT, IGT and DM (T2DM) respectively and 85.7% Caucasians
versus 14.3% Non Caucasians had NGTn this study, only Caucasians were seen to progress to DM (T2DM)
at Year 1, but the numbers of norCaucasians in this study grop were very small, and this may be the reason
for this (Figure 66: MIX Year 1 OGTT Outcome: Ethnicity

).
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MIX Year 1 OGTT Result: Ethnicity
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Figure 66: MIX Year 1 OGTT Outcome: Ethnicity

-The OGTT outcome at Yedrfor ethnicity, out of the (n = 41) Caucasians subjects at baseline, 17.1% (n = 7) did not
return or refused repeat OGTT at Yegicfieam bar)22% (n = 9) had IFG, 17.1% (n = 7) had IFG + IGT, 12.2 % (n
=5) had IGT, 17.1% (n = 7) had DM (T2DM) atd.6% (n = 6) had NGTWith regard to (n = 4) Non Caucasian
subjects at baseline, 50% (n = 2) of them did not return for repeat OGTT at {¢eaarh bar)25% (n = 1) had IFG,

0% had IFG+IGT, IGT and DM (T2DM) and 25% (n = 1) had NGT.

If one looked atOGTT outcome for subjects at Yar 1 with regard to FHx of DM, (n = 9) subjects did not
return or refused OGTT repeat at Year 1: (n = 5) of these had a FHx of DM and (n = 4) of thesi@ not. Of the
subjects with a FHx of DM and did not return for testing at Year 1, 10% (n = 2) had IFG, 20% (n = 4) had
IFG+IGT, 10% (n = 2) had IGT, 20% (n = 4) had DM (T2DM) and 15% (n = 3) had NGT. Of those subjects
who did not have a FHx of DM anddid not return for testing at Year 1, 32% (n = 8) had IFG, 12% (n = 3) had
IFG+IGT, 12% (n = 3) had IGT, 12% (n = 3) had DM (T2DM) and 16% (n = 4) had NGT. Further analysis of
this data demonstrated that of those subjects that had IFG, 80% had no FHx of DM versus 20% that did. Of
those subjects that had IFG+IGT, 42.9%did not havea FHx of DM while 57.1% did. Of those subjects that
had IGT, 60% did not have a FHx of DM while 40% of them dd. Of those subjects with DM (T2DM), 57.1%
DM (T2DM), 57.1% did have a FHx of DM and 42.9%(did not (Figure 67: MIX OGTT Year 1 Outcome: FHx

). Of those subjects that had NGT, 42.9% did have FHx of DM and 5did %ot In
this studysubjects found to be diabetic (T2DM) at Year 1, seemed to have a marginally
increased presence of a FHx of DM.
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Mix Year 1 OGTT: Family History

MIXY ear
1 0GTT
Result

-

0.

Mo
[y
WFG+GT
WicT
OMGT

Count

4

Family History DM

Figure 67: MIX OGTT Year 1 Outcome: FHx

-The OGTT outcome for subjects at Year 1 with regard to FHx of DM, (n = 9) subjects did not return or refused
OGTT repeat at Year (cream bar)(n = 5) of these had a FHx of DM and (n = 4) of thagendt. Of the subjects

with a FHx of DM and did not return for testing at Year 1, 10% (n = 2) had IFG, 20% (n = 4) had IFG+IGT, 10% (n
=2) had IGT, 20% (n = 4) had DM (T2DM) and 15% (n = 3) had NGT. Of those subjects who did not have a FHx of
DM and didnot return for testing at Year 1, 32% (n = 8) had IFG, 12% (n = 3) had IFG+IGT, 12% (n = 3) had IGT,

12% (n = 3) had DM (T2DM) and 16% (n = 4) had NGT.

If one looked at OGTT outcome for subjects at Year 1 with regard to BMI, (n = 9) subjects did not retur or
refused OGTT repeat at Year 1. If one looked at OGTT outcome for subjects at Year 1 (n = 37) with regard to
BMI, of those subjects that had a normal BMI (n= 3), 33.3% (n = 1) had IFG, 33.3% (n = 1) had IGT and
33.3% (n = 1) had DM (T2DM). Of those sufects that were overweight (n = 8), 12.5% (n = 1) had IFG, 25% (n
= 2) had IFG+IGT and 12.5% (n=1) had IGT, 12.5% (n = 1) had DM (T2DM) and 37.5% (n = 3) had NGT. Of
those subjects who were classexs obese (n = 26), 30.8% (n = 8) had IFG, 19.2% (n = BhIFG+IGT, 11.5%
(n=3) had IGT, 19.2% (n = 5) had DM (T2DM) and 15.4% (n = 4) had NGT; (n = 1) subject refused to be
weighed at Year 1, but was obese at baselinaterestingly, the IFG group demonstrated most obese subjects
at Year 1. Further analysisof subjects at Year ldemonstrated that of those with IFG, 10% had a normal

BMI, 10% were overweight and 80% were classed as obese. Of those subjects with IFG+IGT, 0% had a
normal BMI, 28.6% were overweight and 71.4% were classed as obese. Of those sulgevith IGT, 20% had a
normal BMI, 20% were overweight and 60% were classed as obese. Of those subjects with DM (T2DM) 14.3%
had normal BMI, 14.3% were overweight and 71.4% were classed as obese. Of those subjects with NGT, 0%
had a normal BMI, 42.9% were oserweight and 57.1% were classed as obedédure 68: MIX OGTT Year 1
Outcome: BMI

).
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MIX OGTT Year 1 Result: BMI
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Figure 68: MIX OGTT Year 1 Outcome: BMI

-The OGTT outcome for subjects at Year 1 with regard to BMI, (n = 9) subjects did not return or refused OGTT
repeat alfear 1. If one looked at OGTT outcome for subjects at Year 1 (n = 37) with regard to BMI, of those subjects
that had a normal BMI (n= 3), 33.3% (n = 1) had IFG, 33.3% (n = 1) had IGT and 33.3% (n = 1) had DM (T2DM).
Of those subjects that were overweight<(8), 12.5% (n = 1) had IFG, 25% (n = 2) had IFG+IGT and 12.5% (n= 1)
had IGT, 12.5% (n = 1) had DM (T2DM) and 37.5% (n = 3) had NGT. Of those subjects who were classed as obese
(n = 26), 30.8% (n = 8) had IFG, 19.2% (n = 5) had IFG+IGT, 11.5% (n =®8)®&&, 19.2% (n = 5) had DM
(T2DM) and 15.4% (n = 4) had NGT

If one looked at OGTT outcome for subjects at Year 1 with regard to smoking statusverall, (n = 9) subjects

did not return or refused OGTT repeat at Year 1. If one looked at OGTT outcome for sbjects at Year 1 (n =

36) with regard to smoking status, of those subjects that smoked and taking into account those subjects who
smoked anddid not return at Year 1, 16.7% (n = 1) had IFG, 16.7% (n = 1) had IFG+IGT, 0% had IGT,

16.7% (n = 1) had DM (T2DM)and 16.7% (n = 1) had NGT Of those subjects thatdid not smoke and taking

not smoke and taking into account those subjects whitid not smoke anddid not return at Year 1, 29% (n = 9)

at Year 1, 29% (n = 9) had IFG, 12.9% (n = 4) had IFG+IGT, 16.1% (n = 5) had IGT, 19.4% (n = 6) had DM

19.4% (n = 6) had DM (T2DM) and 2.9% (n = 4) had NGT. Of those subjects that were exsmokers 0% had

were exsmokers 0% had IFG, IGT and DM (T2DM) respectively, 25% (n = 2) had IFG+IGT and 25% (n = 2)
IFG+IGT and 25% (n = 2) had NGT. Further analysis of subjects at Year 1 demonstrated that of those
demonstrated that of those subjects with IFG, 90% were non smeks and 10% were smokers; there were no
smokers; there were no exsmokers. Of those subjects with IFG+IGT, 57.1% were non smokers, 14.3% were
smokers, 14.3% were smokers and 28.6% were &xnokers. Of those subjects ith IGT, 100% were non

100% were non snokers. What was encouragindiere, was that & thosesubjects with DM (T2DM) 87.5%

DM (T 2DM) 87.5% were non smokers and fathose subjects with NGT, 57.1% were non smokers, 14.3% were

non smokers, 14.3% were smokers and 28.6% were-srmokers Figure 69: MIX OGTT Year 1 Outcome:

Smoking Status
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MIX Year 1 OGTT Result: Smoking Status
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Figure 69: MIX OGTT Year 1 Outcome: Smoking Status

-The OGTT outcome for subjects at Year 1 with regard to smoking status, (n = 9) subjects did not return or refused
OGTT repeat at Year 1 (cream bar). Of those subjects that smolethking into account those subjects who
smoked and did not return at Year 1, 16.7% (n = 1) had IFG, 16.7% (n = 1) had IFG+IGT, 0% had IGT, 16.7% (n =
1) had DM (T2DM) and 16.7% (n = 1) had NGT. Of those subjects that did not smoke and taking into thoseunt
subjects who did not smoke and did not return at Year 1, 29% (n = 9) had IFG, 12.9% (n = 4) had IFG+IGT, 16.1%
(n = 5) had IGT, 19.4% (n = 6) had DM (T2DM) and 12.9% (n = 4) had NGT. Of those subjects that were ex
smokers 0% had IFG, IGT and DM (T2DMespectively, 25% (n = 2) had IFG+IGT and 25% (n = 2) had NGT.

If one looked at OGTT outcome for subjects at Year 1 with regard to hypertension, (n = 9) subjects did not

return or refused repeat OGTT at Year 1. If one looked at OGTT outcome for subjectat Year 1 with a

history of hypertension and taking into account the non returners at Year 1 with a history of hypertension at

baseline, 19.4% (n = 6) had IFG, 16.1% (n = 5) had IFG+IGT, 12.9% (n = 4) had IGT, and 19.4% (n = 6) had

both DM (T2DM) and NGT r espectively. Of those subjects who had hypertension at baseline, (n =#) not

return at Year 1. Of those subjects whalid not have hypertension at Year 1 and taking into account the non

returners who did not have hypertension at baseline, 28.6% (n = 4ad IFG, 14.3% (n = 2) had IFG+IGT,

7.1% (n = 1) had IGT, DM (T2DM) and NGT, respectively. Further analysis of subjects at Year 1

demonstrated that of those subjects with IFG, 60% had hypertension and 40%id not. Of those subjects that

had IFG+IGT, 71.4% did have hypertension and 28.6%did not. Of those subjects that had IGT, 80% had
hypertension compared to 20% whalid not. Interestingly, 85.7% of the subjects at Year 1 found to have

progressed toDM (T2DM) had hypertension, while in those subjects who had reverted tdGT 14.3% of them

had hypertension(Figure 70: MIX OGTT Year 1 Outcom e: Hypertension

).
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MIX Year 1 OGTT Result: Hypertension
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Figure 70: MIX OGTT Year 1 Outcom e: Hypertension

-The OGTT outcome for subjects at Year 1 with regard to hypertension, (n = 9) subjects did not return or refused
repeat OGTT at Year {cream bar) If one looked at OGTT outcome for subjects at Year 1 with a history of
hypertension anthking into account the non returners at Year 1 with a history of hypertension at baseline, 19.4% (n
= 6) had IFG, 16.1% (n = 5) had IFG+IGT, 12.9% (n = 4) had IGT, and 19.4% (n = 6) had both DM (T2DM) and
NGT respectively. Of those subjects who did notehaiypertension at Year 1 and taking into account the non
returners who did not have hypertension at baseline, 28.6% (n = 4) had IFG, 14.3% (n = 2) had IFG+IGT, 7.1% (n =
1) had IGT, DM (T2DM) and NGT, respectively

If one looked at OGTT outcome for subjets at Year 1 with regard to lipid status, (n = 9) subjects did not
return or refused repeat OGTT at Year 1. If one looked at OGTT outcome for subjects at Year 1 with regard
to lipid status, of those subjects that had dyslipidemia, 19% (n = 4) had IFG, 13% (n = 3) had both IFG+IGT
and IGT, respectively; 9.5% (n = 2) tad DM (T2DM) and 19% (n = 4) hadNGT. Of those subjects thatdid not
return for Year 1 assessment, (n = 5) had dyslipidemia and (n = d)d not; these values were taken into
account in the cédculations. Of those subjects thatid not have dyslipidemia, 25% (n = 6) had IFG, 16.7% (n =
4) had IFG+IGT, 8.3% (n = 2) had IGT, 20.8% (n = 5) had DM (T2DM) and 12.5% (n = 3) had NGT. Further
analysis of subjectsdemonstrated that of those subjects withFG, 40% had dyslipidemia and 60%did not. Of
and 60% did not. Of those subjects that had IFG+IGT, 42.9% had dyslipidemia and 57.19id not. Of those
57.1%did not. Of those subjects that had IGT, 60% had dyslipidemia and 409id not. In the group of

In the group of subjects thatthat had progressed tdDM (T2DM), a third of them had dyslipidemia.
dyslipidemia. Interestingly, of those subjects that had NGT, 57.1% had dyslipidemia and 42.9%id not

and 42.9%did not (Figure 71: MIX OGTT Year 1 Outcome: Dyslipidemia
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Figure 71: MIX OGTT Year 1 Outcome: Dyslipidemia

-The OGTT outcome for subjects at Year 1 with regard to lipid status, (n = 9) subjects did not return or refused repeat
OGTT (cream bar). If one looked at OGTT outcome for subjects at Yedthlregard to lipid status, of those
subjects that had dyslipidemia, 19% (n = 4) had IFG, 14.3% (n = 3) had both IFG+IGT and IGT, respectively; 9.5%
(n =2) rad DM (T2DM) and 19% (n = 4) hadGT. Of those subjects that did not return for Year 1 assess(ment

5) had dyslipidemia and (n = 4) did not; these values were taken into account in the calculations. Of those subjects
that did not have dyslipidemia, 25% (n = 6) had IFG, 16.7% (n = 4) had IFG+IGT, 8.3% (n = 2) had IGT, 20.8% (n =
5) had DM (T2DM) ad 12.5% (n = 3) had NGT.

5.1.9Blood Assay Analysis Glucose Biomarkers

As already discussed, an attempas made to identify anpiomarkers that predict
progression from abnormal glucose tolerance to T2DM. Thereforegach study
subject that attendedear 1 follow up, biomarkers of beta cell functiorp€ptide and

Insulin were assayed in the fasting stat® described by Varvet al (2014)(40) (Table

32); GAD Antibodywas also tested at this timEhis aspect of the study ideally would
have been conducted at baseline, however
this and san orderto look at these parametefarther ethical approval was sought via

an amendmentvhich allowed this to occur at Year 1.

Table 32: Analysis: GAD Ab, Insulin and C- Peptide

GAD Ab Insulin (pmol/L) C-peptide
(U/ml) (pmol/mi
36 36 36
N  |Non
9 9 9
returners
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Mean 0.96 118.22 0.58
Std. Deviation 0.52 57.92 0.27
Range 2.10 193.80 1.17
Minimum 0.30 33.80 0.05
Maximum 2.40 227.60 1.22

At Year 1, the mean level of GAD Ah the (n = 36) fasted subjects was 0.96 u/ml. The
maximum level was 2.40 U/ml and the minimum level was 0.30 U/ml. This gave a
range of 2.10 U/ml and a Std Dev of 0.52. Given all of the subjects had GAD Ab levels
< 5 U/ml (69), none of the subjects demonstrated serologicalker positivity for
LADA or T1DM (Table32).

At Year 1, the mean level of Insulin in the (n = 36) fasted subjects was 118.22 pmol/L.
The maximum level was 227.6 pmol/L and the minimum level was 33.8 pmol/L, which
gave a range of 193.8 pmol/L and a Std Dev of 57Ta@ble32). As biochemically, the

mean level of Insulin in the subjects tested at Year 1 was above 100 pma/L (
reference range of fasting plasma for this test &as00 pmol/L)(72), itdéds pos
that this reflected a concurrent increase in insulin production and blood glucose levels in

the subjects tested and thus could be used as a marker to assist diagnosing early T2DM.

At Year 1, the mean level of fasting-geptide in the (n = 36) subjects waH®
pmol/ml. The maximum level was 1.22 pmol/ml and the minimum level was 0.05
pmol/ml. This gave a range of 1.17 pmol/ml and a Std Dev of 0.27 pm@dl&hle 32).

In theory, a high fasting blood sugar with a higip&ptide value should point to T2DM
primarily caused by insulin resistance. That is because the hpgptle value would
suggest a lot of insulin was being produced but insulin resistaasekeeping it from
lowering blood sugar. The fact that the maximum fastinge@tide observed in the

Year 1 subjects was above the reference range, could suggest the presence of insulin

resistancg71).

5.2 Analysing Progression Data

5.2.1 Analysing Data

Since a number of the most common statistiesiistrely on the normality of a sample or
population, it is often useful to test whether the underlying distribution is normal, or at
least symmetricln order to proceed with a statistical analysis of the results in this

study, the distribution of data waooked at. In this study, there was a screening
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population and the study sample, which came from the screening population.
Technically, one assumed that the distribution of the study sample mean was normal. In
order to check this assumption, the popolatlata and the sample data was looked at in
more detail. In SPSS, thgeneral trend of thdata distribution was visually inspected

for normality, the frequency distribution (histogram) and thd® Bplot (pobability-
probability plot) werealso usedor checking this as described by Ghaseatial (2010)

(77).

Ideally, data should be distributed symmetricalipund a centre poimne. be normally
distributed.In SPSShe RP plot plotted the cumulative probability of a variable against
the cumulative probability o particular distribution (e.qqormal distribution). After

data were ranked and sorted, the correspondisgcpze was calculated for each rank
(this is theexpected value that the score should have in a normal distribution). The
scores were then themselves converteddoazes and the actualszores were plotted
against the expectedszoresas described by Ghaseetial (2010)(77).

For the screening population the data appeared to be distributed symmetrically, around the centre of all

the centre of all scores in a bell shape and therefore graphically, the screening population appeared to be

population appeared to be normally distributed for age (age being the parameter unifm to the screening
to the screening populatim) (Figure 72: The Normality of Age in the Screening Population

). With regard to the P-P plot for age in the screening population, as the result demonstrated a straight
diagonal line, it was proposed that this data wanormally distributed (Figure 73: P-P Plot of Normality in the
Screening Popudtion by Age
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Figure 72 The Normality of Age in the Screening Population

-In the screening populatiqn = 484), theneanage was 58.38 years (X axis) and thegewas18.491 90.47 years.
Visually, the screened data set follesha bell shaped distribution i.e. was normally distributed.

Normal P-P Plot of AGE

Expected Cum Prob
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0o 0z 04 06 08 1.0
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Figure 73: P-P Plot of Normality in the Screening Popuhtion by Age

-In the screening population (n = 484) theanwas58.38 yearsaind therangewas18.4971 90.47 years. Visually, the
screened data set appeared to follow a fairly straight line and therefore, it was proposed that this data was normally
distributed (*Cum Prob = Cumulative Probability)

For the sample population, a number of parameters were looked at to assess for normality visualbaseline

age (years)paseline OGTT 0 mins (mmol/l),baseline OGTT 120 mins (mmol/l)paseline HbAlc (mmol/l),

mean baseline Av GI (mmol/l). For each of thegearameters,the data appearedo be distributed fairly
symmetrically, around the centre of all scores in a bell shape and therefore graphically, the sample population
appeared to be normally distributed for these parametersas can be seen below (

Figure 74: Normality in the Sample Population
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Figure 74: Normality in the Sample Population

-Visually, the sample data set followbell shaped distribution i.e. was normally distribufed each of the five
parameters investigated. , OGTT: FPG [0 ming] (mmol/l), OGTT 2 hour Glucose [120 mins]
(mmol/l), HbAlc (mmol/mol) andMean Average Glucose (mmol/l)

P-P plots were then constructed for the above parameters from the sample population.
As can be seen front{gure75), (Figure76), (Figure77), (Figure78) and Eigure79)
the result demonstrated fairly straight diagonal line, it thaseforeproposed thiathis

data was normally distributed.
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Figure 75 P-P Plots in the Sample Population at Baselinédge

Error! Referen ce source not found¢Cum Prob = Cumulative Probability)
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Figure 76: P-P Plots in the Sample Population at Baselind-PG

Error! Reference source not found (*Cum Prob = Cumulative Probability)
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Normal P-P Plot of Baseline OGTT 120 mins (mmolil)
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Figure 77. P-P Plots in the Sample Population at Baselin@ hr OGTT

-Error! Reference source not found (*Cum Prob = Cumulative Probability)
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Figure 78: P-P Plots in the Sample Population at BaselingdbAlc

Error! Reference source not foundiCcum Prob = Cumulative Probability)
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Normal P-P Plot of MEAN Baseline Av Gl (mmolll)
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Figure 79: P-P Plots in the Sample Population at BaselindMean Average Glucose

-Visually, the data set appeared to follow a fairly straight line and therefore, it was proposedsthtahivas
normally distributed fomean baseline average glucg§eum Prob = Cumulative Probability).

5.2.2 Comparing Meansi Paired Samplet-Test (Dependent-Test)

Assuming the data were normally distributed, as the same subjects were tested at
different time intervals (baseline, Year 1 and Year 3), the paired sargd¢ (or
dependent-test) was used to compare differences in two meétise set parameters

as he study progressed in time. The means of the followingdi® of samplesat

specific time intervals {atedbelow) were tested.

A table of summary statistics for the two experimental conditions was demonstrated for
each pair tested [pair-117]. Foreach condition, the mean, the number of participants
(N), the Std Dev of the sample and the standard error (i.e. the standard deviation divided
by the square root of the sample size) was sEainl¢33).
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Pair 1

Pair 2

Pair 3

Pair 4

Pair 5

Pair 6

Pair 7

Pair 8

Pair9

Pair 10

Pair 11

Pair 12

Pair 13

Pair 14

Pair 15

Pair 16

Pair 17

Baseline weight (Kg) with Year 1 weight (Kg)

Baseline weight (Kg) with Year 3 weight (Kg)

Year 1 weight (Kg) with Year 3 weight (KQ)

Baseline BMI (Kg/m3) with Year 1 BMI (Kg/n%)

Baseline BMI (Kg/m3) with Year 3 BMI (Kg/n?)

Year 1 BMI (Kg/nf) with Year 3 BMI (Kg/n?)

Baseline OGTT 0 mins (mmol/l) with Year 1 OGTT 0 mins (mmol/l)
Baseline OGTT 0 mins (mmol/l) with Year 3 FPG 0 mins (mmol/l)
Year 1 OGTT 0 mins (mmol/l) with Year 3 FPG 0 mins (mmol/l)
Baseline OGTT 2 hours (mmol/l) with Year 1 OGTT 2 hours (mmol/l)
Baseline HbAlc (mmol/mol) with Year 1 HbAlc (mmol/mol)
Baseline HbA1c (mmol/mol) with Year 3 HbATmmol/mol)

Year 1 HbA1lc (mmol/mol) with Year 3 HbAlc (mmol/mol)

Mean Baseline Average Glucose (mmol/l) with Mean Year 1 Average

Glucose (mmol/l)

Mean Baseline Average Glucose Excursion (mmbidm Average with

Mean Year JAverage Glucose Excursion from Average (mmol/l)

Mean Baseline Average above Normal Glucose (mmol/l) with Mean

Year 1 Average above Normal Glucose (mmol/l)

Mean Baseline Average Glucose Excursion from Normal Glucose
(mmol/l) with Mean Year Average Glucose Excursion from Normal

Glucose (mmol/l)
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Table 33: Paired t-Tests: Paired Sample Statistics

VARIABLES Mean N Std. Deviation Std. Error
Mean
Pair 1 Baseline Weight 96.85 37 20.66 3.39
air
Year 1 Weight 97.37 37 20.06 3.29
Pair 2 Baseline Weight 94.47 38 21.30 3.45
air
Year 3 Weight 94.61 38 22.26 3.61
bair 3 Year 1 Weight 97.05 34 20.66 3.54
air
Year 3 Weight 96.59 34 22.20 3.80
) Baseline BMI 33.25 37 6.53 1.07
Pair 4
Year 1 BMI 33.48 37 6.49 1.06
) Baseline BMI 32.53 38 6.69 1.08
Pair 5
Year 3 BMI 32.54 38 6.93 1.12
) Year 1 BMI 33.37 34 6.77 1.16
Pair 6
Year 3 BMI 33.13 34 7.03 1.20
Pair 7 Baseline OGTT 0 mins 6.27 36 44 .073
air
Year 1 OGTT 0 mins 6.24 36 .710 A1
Pair 8 Baseline OGTT 0 mins 6.25 37 .48 .079
air
Year 3 FPG 6.96 37 1.83 .30
) Year 1 OGTT 0 mins 6.23 32 .75 .13
Pair 8
Year 3 FPG 6.94 32 1.91 .33
Baseline OGTT 120 mins 7.74 36 1.88 31
Pair 10
Year 1 OGTT 120mins 8.04 36 2.06 .34
Baseline HbAlc 44.03 33 4.01 .69
Pair 11
Year 1 HbAlc 45.12 33 4.89 .85
Baseline HbAIlc 44.00 34 3.89 .66
Pair 12
Year 3 HbAlc 48.08 34 12.35 2.11
Year 1 HbAlc 45.41 34 4.82 .82
Pair 13
Year 3 HbAlc 47.94 34 12.27 2.10
MEAN BL Av GI 6.72 37 .68 A1
Pair 14
MEAN Y1 AvGlI 6.89 37 1.04 A7
MEAN BL AVGI exc from Av 1.01 37 .36 .06
Pair 15
MEAN Y1 AvGI exc from Av 1.15 37 .58 .09
MEAN BL Av above norm Gl 2.22 37 .68 A1
Pair 16
MEAN Y1 Av above norm Gl 2.39 37 1.04 17
MEAN BL Av Gl exc from norm Gl 2.48 37 .66 11
Pair 17
MEAN Y1 AvGl exc from norm Gl 2.70 37 1.10 .18

A summary of paired samples tested was also demonstrated. The Null Hypothesis in
this instance was that there was no significant difference (i.e. no variation) between

specified variables in each palFor exampleregarding PAIR 1 weight, the Nill
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Hypothesis would be that there was no significant difference in the mean weight

observed at baseline compared to the mean weight observed at Year 1.

For each pair, the mean differences between the scores were deneondtwgether

with the Std Dev of the differences between the means and also the standard error (Std
Err) of the differences between scores within each pair. The test statgdis then
obtained for each pair by dividing the mean of differences by th&$tf differences.

The size of thé was then compared against known values based on degrees of freedom
(i.,e. sample sizel). SPSS20, used the degrees of freedom to calculate the exact
probability that a value of was big as the ree obtained could oac if the Null
Hypothesis were true (i.e. no difference between the means tested). In this instance, the
two-tailed probabity was demonstratedhe probability when no prediction was made
about the direction of differencesin this test, at 95% d@hfiderce Interval (T), a

p<0.05 was classed as statistically meaningful and significant andut Hypothesis

was rejected at this point.
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Table 34: T Tests: Paired Diferences

VARIABLES Paired Differences T Df Sig. (2-
Mean | Std. Std. | 95% ClI of the tailed)
Dev Err Difference
Mean | Lower | Upper
) Baseline Weight - Year 1
|Pair 1 ] -.52 5.59 91 -2.38 1.34 | -.56 36 57
Weight
] Baseline Weight - Year 3
IPair 2 ] -.13 5.56 .90 -1.96 1.69 -14 | 37 .88
Weight
) Year 1 Weight - Year 3
|Pair 3 ) .45 6.78 1.16 -1.91 2.82 .39 33 .69
Weight
IPair 4 | Baseline BMI - Year 1 BMI| -.22 1.95 .32 -.88 421 -71 36 48
IPair 5 | Baseline BMI - Year 3BMI| -.01 2.02 .32 -.67 .65 -.03 37 .97
|Pair 6 Year 1 BMI - Year 3 BMI .23 2.43 41 -.61 1.08 .57 33 57
) Baseline OGTT 0 mins -
|Pair 7 .036 .61 .10 -.17 .24 .35 35 72
Year 1 OGTT 0 mins
] Baseline OGTT 0 mins -
|Pair 8 -71 1.77 .29 -1.30 -12 |-2.44| 36 .02
Year 3 FPG
) Year 1 OGTT 0 mins -
[Pair 9 -71 1.74 .30 -1.34 -08 |-2.32| 31 .02
Year 3 FPG
Par Baseline OGTT 120 mins -
) -.29 2.02 .33 -.98 .38 -.88 35 .38
10 Year 1 OGTT 120mins
Pair Baseline HbAlc - Year 1
-1.09 5.03 .87 -2.87 .69 |-1.24| 32 .22
11 HbAlc
Pair Baseline HbAIlc - Year 3
-4.08 | 11.82 | 2.02 -8.21 .03 |-2.01| 33 .05
12 HbAlc
Pair Year 1 HbAlc - Year 3
-2.52 | 11.82 | 2.02 -6.65 159 |-1.24| 33 .22
13 HbAlc
. MEAN Baseline Av Gl -
|Pair 14 -.16 .835 .13 -.44 A1 | -1.21| 36 .23
MEAN Yearl AvGlI
MEAN Baseline AvGI
excursion from Av - MEAN
IPair 15 -.14 .62 .10 -.35 .068 |-1.36| 36 .18
Yearl AvGI excursion
from Av
Pai MEAN Baseline Av above
air
16 norm Gl - MEAN Yearl Av -.16 .83 .13 -.44 A1 -1.21| 36 .23
above norm Gl
MEAN Baseline Av Gl
Pair excursion from norm Gl -
-.21 .90 .14 -.51 .08 |-1.43| 36 .15
17 MEAN Yearl AvGlI
excursion from norm Gl

Results weras follows:
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PAIR 1: (M 96.85, SE 3.397)(36) =-0.56, p >0.05 (0.574). There is a 57.3% chance
that this could happen if the Null Hypothesis was true. The Null Hypothesis was
accepted.

PAIR 2: (M 94.47, SE 3.456)(37) =-0.149, p >0.05 (0.883). Thereas 88.3% chance

that this could happen if the Null Hypothesis was true. The Null Hypothesis was
accepted.

PAIR 3: (M 97.05, SE 3.544%33) = 0.393, p >0.05 (0.697). There is a 69.7% chance
that this could happen if the Null Hypothesis was true. The Nypothesis was
accepted.

PAIR 4: (M 33.25, SE 1.074)36) =-0.714, p >0.05 (0.480). There is a 48% chance
that this could happen if the Null Hypothesis was true. The Null Hypothesis was
accepted.

PAIR 5: (M 32.53, SE 1.086{(37) =-0.037, p >0.0%0.971). There is a 97.1% chance
that this could happen if the Null Hypothesis was true. The Null Hypothesis was
accepted.

PAIR 6: (M 33.37, SE 1.160)33) = 0.570, p >0.05 (0.573). There is a 57.3% chance
that this could happen if the Null Hypothesis wase. The Null Hypothesis was
acceptedTherefore, for weight and BMI, there was no significant difference between
the means of these parameters at baseline, Year 1 or Year 3, as the study progressed
with time to its outcome (PAIRS-G).

PAIR 7: (M 6.27,SE 0.073)(35) = 0.350, p >0.05 (0.728). There is a 72.8% chance
that this could happen if the Null Hypothesis was true. The Null Hypothesis was
accepted.

PAIR 8: (M 6.25, SE 0.790)(36) =-2.44, p <0.05 (0.020). There is a 2% chance that
this could hapen if the Null Hypothesis was true. The Null Hypothesis was rejected, as
there was a significant difference between the FPG at baseline and Year 3, with a 95%
Cl of -1.3 to-1.2. This indicated the boundaries within which the true mean difference
lay and he fact that this interval did not contain a zero meant the true value of the mean
difference was unlikely to be zero.

PAIR 9: (M 6.23, SE 0.132)(31) =-2.32, p <0.05 (0.027). There is a 2.7% chance that
this could happen if the Null Hypothesis was triilee Null Hypothesis was rejected, as
there was a significant difference between the FPG at Year 1 (OGTT) and Year 3, with
a 95% Cl of-1.34 t0-0.86. This indicated the boundaries within which the true mean
difference lay and the fact that this interval dot contain a zero meant the true value

of the mean difference was unlikely to be z€Fbis demonstrated that a significant
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difference was seen for between the means of FPG at baseline and Year 3 and also at
Year 1 and Year 3, as the subjects progeegbeough the study with time. The
difference between the mean FPG at baseline and Year 1 was not significant (PAIRS 7
9).

PAIR 10: (M 7.74, SE 0.313)(35) =-0.881, p >0.05 (0.385). There is a 38.5% chance
that this could happen if the Null Hypothesisswaue. The Null Hypothesis was
acceptedThis demonstrated at baseline and Year 1, there was no significant difference
between the means at 2hr OGTT as the study progressed with time (PAIR 10).

PAIR 11: (M 44.03, SE 0.698)32) =-1.24, p >0.05 (0.223) here is a 22.3% chance
that this could happen if the Null Hypothesis was true. The Null Hypothesis was
accepted.

PAIR 12: (M 44.00, SE 0.667)33) =-2.016, p >0.05 (0.052). There is a 5.2% chance
that this could happen if the Null Hypothesis was truke Null Hypothesis was
accepted. This pairing, between the HbAlc at baseline and Year 3 was almost
significant.

PAIR 13: (M 45.41, SE 0.827)33) =-1.24, p >0.05 (0.221). There is a 22.1% chance
that this could happen if the Null Hypothesis was true. NMudl Hypothesis was
accepted.This demonstrated that the mean of the HbAlc at baseline and Year 3
approached the significance level todifferent, but he HbAlc means at baseline and
Yearl and again at Year 1 and Year 3 were not significantly diffeeexthe subjects
progresed through the study with tinfBAIRS 1113).

PAIR 14: (M 6.72, SE 0.112)(36) =-1.21, p >0.05 (0.231). There is a 23.1% chance
that this could happen if the Null Hypothesis was true. The Null Hypothesis was
accepted.

PAIR 15: (M 1.01, SE 0.060)(36) =-1.36, p >0.05 (0.180). There is an 18% chance
that this could happen if the Null Hypothesis was true. The Null Hypothesis was
accepted.

PAIR 16: (M 2.22, SE 0.112)36) =-1.21, p >0.05 (0.231). There is a 23% chance that
this could happen if the Null Hypothesis was true. The Null Hypothesis was accepted.
PAIR 17: (M 2.48, SE 0.110)(36) =-1.43, p >0.05 (0.159). There is a 15.9% chance
that this could happen if the Null Hypothesis was true. The Null Hypothesis was
acceptedThis demonstrated that the 4 CGM parameters used in this study to look at
progression, when looked at individually, their means were not significantly different at
baseline tdhe means for each ¥earl (PAIRS 1417).
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5.3 Summary: Chapter 5

In summary, aYear 1, all subjects from the baseline study were invited back for re
analysis.A number of parameters were analys¢&ear 1, including agetudyfollow

up interval, BMI, OGTT (hrs (FPG), OGTT 2 hours, HbAlc, CGM Glucose Excursion
Parameters and CGMrofiles. At Year 3, variables which were analysed included age
and follow up interval, BMI, OGTT ®rs (FPG) and HbAlc. The aim of this was to
identify any parameter that demonstrated trends associated with progression to DM
(T2DM). With regard to the stly subjects, lte majority of them weran the older
adulthobod or of adult retirement age. In genethk majority of subjects in this study
were either overweight or obesnd interestinglyll of the subjects that were obese at
baseline were still obes® Year 3.With regard to attendance rat&2.2% ofbaseline
subjects reattended at Year and 84.4% rattended at Year, & response rate of over
80%. All of the subjects had GAD Ab levels < 5 U/f89) demonstrating thatone of

the subjects demonstrated serologicatker positivity for LADA or TDM.

As the study progressed with time, it was demonstratedht@ahean subjedPG,the
mean 2 Hour Glucose (mmol/l) atlte mean subject HbAlc (n3¥) allincreased in a
stepwise fashionVith regard to CGM parameteiSGM Mean Aveage GlucoseCGM
Mean Average Glucose Excursion from the Average Glucose (mmoEM Mean
Average Glucose above Normal @bse (mmol/l) andCGM Mean Average Glucose
Excursion fromNormal Glucose (mmol/l), again all increased in a stepwiskidaas

the study progressed with tim&Vith regard to the visually inspected CGM (SAP)
Profiles, 17.8%of them were observed to demonstratade variability, 35.6%were
observed to demonstrate mediwariability and 28.9%wvere observed to demonstrate
mast variability. These results closely mirrored the independent observer assessment of
variability. At Year 1, each of the four CGM panaters were looked at with regard to
their relationship with the CGM profile groups. As the degree of variability of the
visually inspectegubject CGM profiles (SAP) increased from least variability to most
variability, the mean of each of the four CGM parametes observed to increase also
(Figure63: Summary: Year 1 Subjects CGM Parameters v CGM Profiles (SMean
Plots

ad). The mean plots demonstratefaly positive linear correlation for each of these

graphically, indicating a likely relationship between these two variables.
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One assumed that the distribution of the study sample mean was normal. In order to
check this assumption, the population data and the sample data was looked at in more
detail. For the screening population, the data appeared to be distributed symmetrically,
around the centre of all scores in a bell shape and therefore graphically, the screening
population appeared to be normally distributed for age (age being the parameten unifo

to the screening populationFigure 72 The Normality of Age in the Screening
Population

). With regard tothe P-P plot for age in the screening population, as the result
demonstrated a straight diagonal line, it was proposed that this data was normally
distributed(Figure73: P-P Plot of Normality in the Screening Pogtibn by Age

). Assuming the data were normally distributed, as the same subjects were tested at
different time intervals (baseline, Year 1 and Year 3), the pairegleantest (or
dependent-test) was used to compare differences in two means of the set parameters.
This included demographic data, biochemical tests and CGM parameters, as the study
progressed with timeThe Null Hypothesis in this instance was that ¢h@ras no
significant difference (i.e. no variation) between specified variables in each pair with
time. The Null Hypothesis was accepted when at the 95% confidence interval (p >0.05).
However, when p<0.05, this was classed as statistically meaningfuiganmiicant and

the Null Hypothesis was rejectetiable33) (Table34).

Pair 1 Baseline weight (Kg) with Year 1 weight (Kg) Ehe Null Hypothesis was
accepted.

Pair 2 Baseline weight (Kg) with Year 3 weight (Kg) he Null Hypothesis was
accepted.

Pair 3 Year 1 weight (Kg) with Year 3 weight (Kg) ¥he Null Hypothesis was
accepted.

Pair 4 Baseline BMI (Kg/m) with Year 1 BMI (Kg/nf) = The Null Hypothesis was
accepted.

Pair 5 Baseline BMI (Kg/m) with Year 3 BMI (Kg/nf) = The Null Hypothesis was
accepted.

Pair 6 Year 1 BMI (Kg/nf) with Year 3 BMI (Kg/nf) = The Null Hypothesis was
accepted.

Pair 7 Baseline OGTT 0 mins (mmol/l) with Year 1 OGTT 0 mins (mmol/Mhe Null

Hypothesis was accepted.
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Pair 8 Baseline OGTT 0 mins (mmol/l) with Year 3 FPG 0 mins (mmol/llke Null
Hypothesis was rejected, as there was a significant differeetveeénthe FPG at
baseline and Year 3.

Pair9 Year 1 OGTT 0 mins (mmol/l) with Year 3 FPG 0 mins (mmol/[fke Null
Hypothesis was rejected, as there was a significant difference between the FPG at Year
1 (OGTT) and Year.3

Pair 10 Baseline OGTT 2 hoursn(mol/l) with Year 1 OGTT 2 hours (mmol/l) =
The Null Hypothesis was accepted.

Pair 11 Baseline HbAlc (mmol/mol) with Year 1 HbAlc (mmol/mol) Ehe
Null Hypothesis was accepted.

Pair 12 Baseline HbAlc (mmol/mol) with Year 3 HbAlc (mmol/mol) Fhe
Null Hypothesis was acceptetlowever, his pairing, between the HbAlc at baseline
and Year 3 was almost significant.

Pair 13 Year 1 HbAlc (mmol/mol) with Year 3 HbAlc (mmol/mol)The Null
Hypothesis was accepted.

Pair 14 Mean Baseline Average Glucose (mmol/l) wiktean Year 1 Average
Glucose (mmol/l) =The Null Hypothesis was accepted.

Pair 15 Mean Baseline Average Glucose Excursion (mmol/l) from Average with
Mean Year 1 Average Glucose Excursion from Average (mmol/lyte Null
Hypothesis was accepted.

Pair 16 Mean Baseline Average above Normal Glucose (mmol/l) with Mean
Year 1 Average above Normal Glucose (mmol/Me Null Hypothesis was accepted.
Pair 17 Mean Baseline Average Glucose Excursion from Normal Glucose
(mmol/l) with Mean Year 1 Average Glucose Exéonsfrom Normal Glucose (mmol/l)

= The Null Hypothesis was accepted.

Data was analysed and for each pair one can see that in the majority of cases (for
example for weight and BMI), the Null Hypothesis was accepted i.e. there was no
significant differencdetween each of the set variables with time; time being baseline to
Year 1, baseline to Year 3 and Year 1 to Year 3. However, a significant difference was
seen between the means of FPG at baseline and Year 3 and also at Year 1 and Year 3, as
the subjects qgressed through the study with time; however the difference between the
mean FPG at baseline and Year 1 was not significantpaineg, between the HbAlc

at baseline and Year 3 was almost significant this demonstrated that the mean of the

HbAlc atbaseline and Year 3 approached the significance level to be different, but the
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HbAlc means at baseline and Year 1 and again at Year 1 and Year 3 were not
significantly different, as the subjects progressed through the study with time. With
regard to the £GM parameters used in this study to look at progression, when looked
at individually, their means were not significantly different at baseline to the means for

each at Year 1.
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6.0 Results: Study Outcome

6.1 Analysing Outcome Data

A number of preselectedparametersvere analysedt baseline, Year 1 and Yean@h

regard tolooking at progressiontowards an outcome dadiabetes(T2DM) or non
diabetes.These included a mix of glycaemic status indicators: standard biochemical
indicatos (FPG, HbAlc and OGTT 2 Hour), observed graphical indicators (CGM
Profiles) and CGM parameter (CGM Sensor Data) indicators. Baseline data dhclude
information regardingsubject age, ethnicity gender, FHx of DM, smoking status,
hypertension status and dystlemia statusAt Year 1, an outcome of DM (T2DM) or

non diabetesvas established for all study subjects following testiwith OGTT. In
addition to this, a number glarameters were analysadd compared toorresponding
baseline dataThese included FP, OGTT 2 hours, HbAlc, plus the four CGM
parameters (Mean Baseline Average Glucose; Mean Baseline Average Glucose
Excursion from the Average, Mean Baseline Average above Normal and Mean Baseline
Average Glucose Excursion from the Normal Glucoég¢)Year 3, an outcome of DM
(T2DM) or non diabetes was established for all study subjects following FPG testing. In
addition to this, the following parameters were analysed and compacedésponding
baseline datand Year 1 datan order to look at mrgressioror change over tim

A breakdown of the outcome at Year 1 and Year 3 can be se&ahle85) andTable
36) respectively. At year 1, 17.8% (n = 8) subjects had progressed to DM (T2DM). At
Year 3, (n = 21) 46.6% of subjects had progressed to DM (T2DM). This would be in

keeping with currenliterature with regard to the rate of progression.

Table 35: Outcome: Year 1

Frequency Percent
non diabetes 29 64.4
Valid Diabetes 8 17.8
Total 37 82.2
Missing System 8 17.8
Total 45 100.0
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Table 36: Outcome: Year 3

Frequency Percent
non diabetes 16 35.6
Valid Diabetes 21 46.7
Total 37 82.2
Missing System 8 17.8
Total 45 100.0

At the start of this study, 4 CGMarameters were constructed to look at whether they,
within the CGMS framework, were able predict progression to DM (T2B). One of

the most promising parameters to look at this specifically during this study was seen to
be O6Mean Basel i e ohvi@edeE wenu one locked at this
particular, parameter6 Mean Baseline AvGlI excursion
outcome of diabetes (T2DM), the median valuese almost the same for the subjects
with diabetes as those withouthe resultng interquartile rangesand lowest and

highest values of dataerefor each outcome wadmost identicablso(Figure80).

2.504

12
*

2.00
26

38

1.50

.50+

MEAN Baseline AvGl excursion from Av (mmol/l)

T T
non diabetes diabetes

Year 3 Outcome

Figure 80: Year 3 Outcome v Mean Baseline AvGl excursion from Av

-MEAN Baseline AGI excursion from Av wadooked at with regard to Year 3 Outconmiee. non diabetes or
diabetes using adx-plot, in an attempt to graphically display the distribution of data through ilgsafidr each
possible outcomeEach boxvas made up of a lower #ercentile, dhick central tendecy line (the median) and the
upper 7% percentile lineThe lines which exteradi vertically from the boxes indicadevariability outside the lower
and pper quartiles ie. they represeatl the lowest and highest value of @datespectivelyOutliers (vhich wee
values greater than 1.5 intguartile ranges away from the ®%r the 79" percentile),were demonstrated as
individual points(circles = mildoutlier, star = extreme outlier
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6.2.Independentt Test

Assuming the data were normally distributed, the Independent S&me, ort itest

for short, was used to compare the means of two independent groups in order to
determine whether there was a statistically significant difference éetithem. The two
outcome groupsverenon diabetes and diabet@he outcome of both groups at Ydar

and Year 3 was investigated with regard to a number of baseline variables:

Baseline Age (years)

Baseline OGTT 0 mins (mmol/l)

Baseline OGTT 2 hours (mmol/l)

Baseline HbAlc (mmol/mol)

Mean Baseline Average Glucose (mmol/l)

Mean Baseline Average GlucoBgcursion (mmol/l) from Average

Mean Baseline Average above Normal Glucose (mmol/l)

= =4 4 4 -4 A4 -4 -

Mean Baseline Average Glucose Excursion from Normal Glucose
(mmol/l)Baseline BMI (Kg/r)

1 At Year 3, the outcome of both groups was investigated with regard to Year 1
Insulin and Year 1 €peptide.

A tableof summary statistics for the two experimental conditions was demonstrated for
each variable tested. For each condition, the mean, the number of participants (N), the
Std Dev of the sample and the standard error (i.e.tdmelard deviation divided by the

square root of the sample size) was seen. For example, one can see that non diabetes hac
29 participants and diabetes had 8 participants at Year 1 Outcome for all groups except
HbAlc, who had 25 and 8 respectively. Withaajto age, the mean age of those who

were DM (T2DM) at Year 1 was 63.17 years compared to the non diabetics at Year 1,
with a mean age of 59.7 years. On inspection of this data further, at Year 1, the mean of
all variables (except HbAl1c) was higher in tiabetic compared to the non diabetic
group(Table37).

A summary of the independent samples tested was also demonstrated. The Null

Hypothesis in this instance was that there was no significant difference (i.e. no

variation) with regard to thepecified variable in each group, with regard to outcdme.

parametric testing, one assumes that the variances in experimental groups are roughly

equal . Leveneds test was used to see wh
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groups and this test tedtehe hypothesis that the variances in the two groups were
Wher e p>0. 05,
Null Hypothesis was accepted, assuming the variances were roughly equal and equal

equal Leveneds test was

variances was assumed (EVA). Thims the case for all variables except Baseline

OGTT 120 mins and HbAlc, respectively. With regard to these two variables, the test

statistics in the row labelled Equal Variances Not Assumed (EVNA) were Tiabtk (

39).

Table 37: Independentt-test: Sample Statistics: Year 1 Outcome

\Variable Year 1 Outcome N Mean Std. Deviation | Std. Error Mean
) non diabetes 29 59.70 12.00 2.22

Baseline Age (years) i

Diabetes 8 63.17 9.08 3.21
Baseline OGTT 0 mins non diabetes 29 6.26 .48 .090
(mmol/l) Diabetes 8 6.36 17 .062
Baseline OGTT 120 mins non diabetes 29 7.46 1.88 .35
(mmol/l) Diabetes 8 8.81 1.37 .48

) non diabetes 25 44.48 4.41 .88

Baseline HbAlc (mmol/l)

Diabetes 8 42.62 1.92 .67
MEAN Baseline Av Gl non diabetes 29 6.65 .67 12
(mmol/l) Diabetes 8 6.99 .68 .24
MEAN Baseline AvGlI non diabetes 29 .95 .28 .05
excursion from Av (mmol/l) | Diabetes 8 1.22 .54 .19
MEAN Baseline Av above non diabetes 29 2.15 .67 12
norm GI (mmol/l) Diabetes 8 2.49 .68 .24
MEAN Baseline Av Gl non diabetes 29 2.38 .65 12
excursion from norm Gl

Diabetes 8 2.85 .63 .22
(mmol/l)

non diabetes 29 33.18 6.35 1.18
Baseline BMI (kg/m”2) -

Diabetes 8 33.50 7.59 2.68
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Table 38: Independentt test:

Equality of Means: Year 1 Outcome

Levene's Test t-test for Equality of Means
for Equality of
Variances
F Sig. T Df Sig. (2- | Mean Std. 95% Confidence
tailed) Dif Error Interval of the
Dif Difference
Lower | Upper
Baseline *EVA .48 .49 -.75 35 .45 -3.46 4.58 -12.77 5.83
Age (years) |**EVNA -88 1452 .38 -3.46 | 390 | -11.82 | 4.88
Baseline EVA 1.85 .18 -.54 35 .58 -.09 17 -.45 .26
OGTTO
mins EVNA -.88 |32.00 .38 -.09 A1 -.32 12
(mmolll)
Baseline EVA 4.86 .03 -1.88 35 .06 -1.34 71 -2.80 .10
OGTT 120
mins EVNA -2.25 | 15.18 .03 -1.34 .59 -2.61 -.07
(mmol/l)
Baseline EVA 5.09 .03 1.14 31 .26 1.85 1.62 -1.45 5.16
HbAlc
(mmolf) EVNA 1.66 | 27.62 .10 1.85 1.11 -.42 4.13
MEAN EVA .04 .84 -1.27 35 21 -.34 .26 -.89 .20
Baseline Av
Gl (mmolll) EVNA -1.26 | 11.03 .23 -.34 .27 -.94 .25
MEAN EVA 3.97 .05 -1.96 35 .05 -.27 14 -.564 .00
Baseline
AvGl
excursion EVNA -1.39 | 8.13 .19 -.27 .19 -.73 17
from Av
(mmol/l)
MEAN EVA .04 .84 -1.27 35 .21 -.34 .26 -.89 .20
Baseline Av
above norm [ EVNA -1.26 | 11.03 .23 -.34 .27 -.94 .25
Gl (mmolll)
MEAN EVA .00 .92 -1.82 35 .07 -.47 .25 -.99 .05
Baseline Av
Gl excursion
from norm EVNA -1.85 | 11.48 .08 -.47 .25 -1.02 .084
Gl (mmol/l)
Baseline EVA .20 .65 -.12 35 .90 -.31 2.64 -5.68 5.05
BMI
(kg/m2) EVNA -.10 9.87 91 -31 2.93 -6.86 6.23

*EVA = Expected Variances Assumei;EVNA = Expected Variances Not Assumed
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The test statistit was then obtained for each pair by dividing the mean of differences

by the Std Err of differences. The size of tiveas then compared against known values
based on degrees of freedom (i.e. sample-&izeSPSS0 used the degrees of freedom

to calculatethe exact probability that a value bivas as big as the onetalmed could

occur if the Null H/pothesis were true (i.e. no difference between the means tested). In
this instance, the twtailed probability was demonstrated, which was the probability
when no prediction was made about the direction of differences. In this test, at 95% Cl,

a p<0.05 was classed as statistically meaningful and significant and the Null Hypothesis
was rejected. In this study, the effect size was also demonstrated, which gave an
objective measure of the importance of an effect and the strength of the relationship
bet ween variabl es. P e a,lis® meaduse ofcetfect sieelardtiti o n
is constrained to |ie between 001992)%6) ef f e
reference regarding effect size was used in this study i.e. r = .10 (small effec80

(medum effect) and = 0.50 (large effectResults were as followfsr Year 1outcome
(Table37, Table38):

1 Baseline Age (years)DM (M 63.17, SE 3.21) were older compared to non
diabetics (M59.70, SE 2.22) at Year 1, but this difference was not significant
t(35) =- 0.75, p >0.05 (0.45). The Null Hypothesis was accepted, aswhsre
no significant difference between the groups in age at Ydatrthis instance the
effect was smallr(= 0.12).

1 Baseline OGTT 0 mins (mmol/l) DM (M 6.36, SE 0.62) had higher OGTT 0
mins compared to non diabetics (M 6.26, SE 0.90) at Year 1, butvdisisnot
significantt(35) =- 0.54, p >0.05 (0.58nd the size effect was small{ 0.09)

The Null Hypothesis was accepted, as there was no significant difference
between the groups at Year 1 for OGTT 0 mins.

1 Baseline OGTT 2 hours (mmol/l) DM (M 8.81, SE 0.48) had higher OGTT
120 mins compared to non diabetics (M 7.46, SE 0.88) at Year 1, wiigh
significantt(15.18) =-2.25, p <0.05 (0.039). The Null Hypothesis was rejected,
as there was a significant difference between the groups at Year 1 for OGTT
hours.The effect size was alsargein this instancer(= 0.50).

1 Baseline HbAlc (mmol/mol) Non diabetics (M 44.4, SE 0.88) had higher
HbAlc compared to diabetics (M 42.62, SE 0.67) at Year 1, but this was not
significantt(27.62) = 1.66, p >0.05 (0.10rhe Null Hypothesis was accepted, as
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there was no significant difference between the groups at Year 1 for HbRd.c.
effect size was of medium in this instance (030).

Mean Baseline Average Glucose (mmol/IDM (M 6.99, SE 0.24) had higher
Mean Basehe Average Glucose compared to non diabetics (M 6.65, SE 0.12) at
Year 1, but this was not significat(85) =- 1.274, p >0.05 (0.21)The effect

size approached a medium effect(0.20) The Null Hypothesis was accepted,
as there was no significadtfference between the groups at Year 1 for Mean
Baseline Average Glucose (mmol/l).

Mean Baseline Average Glucose Excursion (mmol/l) from Averag®M (M

1.22, SE 0.19) had higher Mean Baseline Average Glucose Excursion (mmol/l)
from Average compared to natiabetics (M 0.95, SE 0.05) at Year 1. This
resultwasjust about significantast(35) =- 1.96, p >0.05 (0.05and the effect

size was seen to be medium in size 0.31) The Null Hypothsis was rejected

as there was a significant difference betwé#®s groups at Year 1 for Mean
Baseline Average Glucose Excursion (mmol/l) from Average.

Mean Baseline Average above Normal Glucose (mmol/IPM (M 2.49, SE

0.24 had higher Mean Baseline Average Glucad®ve Normal Glucose
compared to non diabeticd1(2.15, SE 0.12) at Year 1, but this was not
significantt(35) =- 1.27, p >0.05 (0.21)The effect size approached a medium
effect ¢ = 0.20).The Null Hypothesis was accepted, as there was no significant
difference between the groups at Year 1 for Mean Beséverage Glucose
above Normal Glucos@gnmol/l).

Mean Baseline Average Glucose Excursion from Normal Glucose (mmol/l)

DM (M 2.85 SEO0.22 had higher Mean Baseline Average Gluc&seursion

from Normal Glucoseompared to non diabetics1(2.38, SE 0.1pat Year 1,
which was demonstrated to beproaching significanceHowever, although it
was not significant(35) =- 1.82 p >0.05 (077) the effect size was medium=

0.29). TheNull Hypothesis was accepted, as there was no significant difference
between the groups at Year 1 for Mean Baseline Average Glatmse Normal
Glucose(mmol/l).

Baseline BMI (Kg/m?): DM (M 33.5Q SE2.68 had higheBMI compared to

non diabeticsNI33.18, SE 1.1§ at Year 1, but this was not significa(®5) =-

0.12 p >0.05 (0905 and the effect size was smal € 0.02) The Null
Hypothesis was accepted, as there was no significant difference between the

groups at Year 1 faBMI.
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Results were as follows for YeaiCRitcome(Table39, Table40):

T

Baseline Age (years)Non Diabetic§M 59.59 SE2.21) were older compared

to DM (T2DM) (M 58.44 SE 2.92) at Year 1, but this difference was not
significantt(35) =0.235 p >0.05 (076) and the effect size was smaill< 0.04)

The Null Hypothesis was accepted, as there was no significant difference
between the groups in age at Year 1.

Baseline OGTT 0 mns (mmol/l): DM (T2DM) (M 6.34, SE 00.08 had higher
OGTT 0 mins compared to non diabetit §.13, SE 0.13at Year 1, but this
was not significant(35) =- 1.33 p >0.05 (019) . The Null Hypothesis was
accepted, as there was no significant differdyeteveen the ups at Year 1 for
OGTT 0 mins; the effect size approached a medium resultther@.21).

Baseline OGTT 2 hours (mmol/l) DM (T2DM) (M 8.09 SEO0.37) had higher
OGTT 120 mins compared to non diabetics {8 SE0.45 at Year 1, which

not significantt(35) =-0.87, p >0.05 (@9) and the effect size was smaill £
0.14) The Null Hypothesis waaccepted, as there was significant difference
between the groups at Year 1 for OGTT 2 hours.

Baseline HbAlc (mmol/mol) DM (T2DM) (M 44.78, SE ®2) had higher
HbAlc compared toon diabetics (M 43.42.62, SE @)&at Year 1, but this was
not significantt(32) =-1.03, p >0.05 (0.31 The Null Hypothesis was accepted,
as there was no significant difference betwtengroups at Year 1 for HbAlc;
theeffect size approached a medium effect here@.17).

Mean Baseline Average Glucose (mmol{l)DM (T2DM) (M 6.88, SE 0.18

had higher Mean Baseline Average Glucosepared to non diabetics (M 6.65,
SE 0.20 at Year 1, but this was not significaif85) = - 1.02, p >0.05 (0.3).

The Null Hypothesis was accepted, as there was no significant difference
between the groups at Year 1 for Mean Baseline Average Glucose (mthel/l)
effect size approached a medium effect here{.16).

Mean Baseline Average Glcose Excursion (mmol/l) from Average DM
(T2DM) (M 1.05, SE 0.08) had higher Mean Baseline Average Glucose
Excursion (mmol/l) from Average compared to non diabetics (M 0.96, SE 0.07)
at Year 1, but this was not significa(d5) =-0.75, p >0.05 (0.45rd the effect

size was smallr(= 0.12) The Null Hypothesis was accepted, as there was no
significant difference between the groups at Year 1 for Mean Baseline Average

Glucose EKcursion (mmol/l) from Average.
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Mean Baseline Average above Normal Glucose (mii)p. DM (T2DM) (M

2.38, SE 0.13) had higher Mean Baseline Average Glucose above Normal
Glucose compared to non diabetics (M 2.14, SE 0.20 ) at Year 1, but this was
not significantt(35) =- 1.02, p >0.05 (0.31). The Null Hypothesis was accepted,
as therewas no significant difference between the groups at Year 1 for Mean
Baseline Average Glucose above Normal Glucfsenol/l); the effect size
approached a medium effect here=(0.16).

Mean Baseline Average Glucose Excursion from Normal Glucose (mmol/l)

DM (T2DM) (M 2.65 SE0.12 had higher Mean Baseline Average Glucose
Excursion from Normal Glucossompared to non diabetic¥(2.39, SE 0.1pat
Year 1,but this was not significari(35) =- 1.13 p >0.05 (26) and so théNull
Hypothesis was accepted, #gere was no significant diffemee between the
groups at Year for Mean Baseline Average Glucoabove Normal Glucose
(mmol/l); the effect size approached a medium effect hered(18).

Baseline BMI (Kg/m?): Non diabetics(M 32.77, SE 1.61) had higherBMI
compared toDM (T2DM) (M 32.46, SE 1.56at Year 1, but this was not
significantt(35) =- 0.13 p >0.05 (B96), with a small effect sizer (= 0.02)

The Null Hypothesis was accepted, as there was no significant ddéere
between the groups at Yeafat BMI.

Year 1 Insulin (pmol/L): Non diabetics(M 125.34 SE 16.62) had higher
venous Insulin levels in peripheral bloodmpared tdM (T2DM) (M 112.37,

SE 13.60) at Year,lbut this was not significart{30) = 0.60 p >0.05 ((B4),

with a small effecsize ¢ = 0.11) The Null Hypothesis was accepted, as there
was no significant differenceebwveen the groups at Year 1 for venous Insulin
(pmol/L).

Year 1 C-peptide (pmol/ml): Non diabeticd{M 0.63Q SE 0.072 had higher
venous Gpeptide levels in periphak bloodcompared tdM (T2DM) (M 0.55,

SE 0.0 at Year 1, but this was not significa(®0) = 0.78 p >0.05 (043), with

a small effect sizer (= 0.14) The Null Hypothesis was accepted, as there was no
significant difference étween the groups at Yedr for venous Gpeptide

(pmol/ml).
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Table 39: Independentt-tests: Sample Statistics: Year 3 Outcome

\Variable Year 3 Outcome N Mean Std. Deviation | Std. Error Mean
) non diabetes 16 59.59 8.87 221
Baseline Age (years)
Diabetes 21 58.44 13.42 2.92
Baseline OGTT 0 mins | non diabetes 16 6.13 57 .14
(mmol/l) Diabetes 21 6.34 .37 .08
Baseline OGTT 120 mins | non diabetes 16 7.58 1.83 .45
(mmol/l) Diabetes 21 8.09 1.70 .37
] non diabetes 14 43.42 3.27 .87
Baseline HbAlc (mmol/l)
Diabetes 19 44.78 4.04 .92
MEAN Baseline Av Gl | non diabetes 16 6.64 .81 .20
(mmol/l) Diabetes 21 6.88 .59 .13
MEAN Baseline AvVGlI | non diabetes 16 .96 .30 .07
excursion from Av (mmol/l) | Diabetes 21 1.05 .39 .08
MEAN Baseline Av above | non diabetes 16 2.14 .81 .20
norm GI (mmol/l) Diabetes 21 2.38 .59 .13
MEAN Baseline Av Gl | non diabetes 16 2.39 .78 .19
excursion from norm GI|
Diabetes 21 2.65 .59 12
(mmol/l)
) non diabetes 16 32.77 6.46 1.61
Baseline BMI (kg/m”2)
Diabetes 21 32.46 7.16 1.56
_ non diabetes 15 125.34 64.37 16.62
Year 1 Insulin (pmol/L)
Diabetes 17 112.37 56.08 13.60
) non diabetes 15 .63 27 .072
Year 1 C-peptide (pmol/ml)
Diabetes 17 .55 .28 .069

At Year 3, none of the variables tested demonstrated significance difference in means,
when the outcome of the diabetes and non diabetes groups was investigated,
respectively. This differed to what was seen at Year 1, where a significant difference in

mears between the two groups was seen for Baseline OGTT 2 hours (mmol/l) and

Mean Baseline Average Glucose Excursion (mmol/l) from Averbgaddition, at Year

1, Mean Baseline Average Glucose Excursion from Normal Glucose (mnadst)

approached significaec

142



Table 40: Independentt-test: Equality of Means Year 3 Outcome

Levene's Test | t-test for Equality of Means
for Equality of
Variances
F Sig. T Df Sig. (2- | Mean | Std Err | 95% Confidence
tailed) Dif Dif Interval of the
Difference
Lower Upper
Baseline Age *EVA 1.46 .23 .29 35 .76 1.14 3.88 -6.73 9.02
(years) HEVNA .31 34.42 .75 1.14 3.67 -6.31 8.61
Baseline OGTT o | EVA 1.67 .20 -1.33 35 .19 -21 .15 -.53 A1
mins (mmol/l) EVNA -1.26 | 24.42 .22 -21 .16 -.55 13
Baseline OGTT | EVA .68 41 -.87 35 .39 -.50 .58 -1.69 .67
120 mins
ENA -.86 31.07 .39 -.50 .59 -1.71 .69
(mmol/l)
Baseline HbAlc | EVA 1.77 .19 -1.03 31 31 -1.36 1.31 -4.05 1.32
(mmol/l) EVNA -1.06 | 30.67 .29 -1.36 1.27 -3.96 1.24
MEAN Baseline | EVA 1.10 .30 -1.02 35 31 -.23 .23 -.70 .23
Av Gl (mmol/l) EVNA -.98 26.49 .33 -.23 .24 -.73 .25
MEAN Baseline | EVA .36 .55 -.75 35 .45 -.08 A1 -.32 .15
AvGIl  excursion
EVNA =77 34.95 44 -.08 A1 -.32 14
from Av (mmol/l)
MEAN Baseline | EVA 1.10 .30 -1.02 35 31 -.23 .23 -.70 .23
Av above norm
EVNA -.98 26.49 .33 -.23 .24 -.73 .25
Gl (mmol/l)
MEAN Baseline | EVA 1.11 .29 -1.13 35 .26 -.25 .22 -71 .20
Av Gl excursion
from norm Gl |EVNA -1.09 | 26.95 .28 -.25 .23 -74 .22
(mmol/l)
Baseline BMmI | EVA .34 .56 13 35 .89 .30 2.28 -4.32 4.93
(kg/m”2) EVNA 13 33.93 .89 .30 2.24 -4.26 4.87
Year 1 Insulin | EVA .78 .38 .60 30 .54 12.97 21.28 | -30.50 56.44
(pmol/L) EVNA .60 28.03 .55 12.97 21.47 | -31.02 56.96
Year 1 C-peptide EVA .01 .90 .78 30 43 .078 .10 -12 .28
(pmol/ml) EVNA .78 29.65 43 .078 .10 -.12 .28

*EVA = Expected Variances Assumed;EVNA = Expected Variances Not Assumed
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6.3 Chi Square Test

In this study, a number of categorical variables vessessed at baseljrie see if they

had any bearing on the outcome of -cdM (T
square test is used to compare the frequency observed in certain categories to the
frequencies one may expect to get in those categorieshdmyce. In this study, the

P e ar s osydase statiktic tested whether the two variables were independent when
tested. If the significance was small enougkQ(05), then the NulHypothesis was
rejected and confidenogas gained in the hypothesis thhe variables in some way

were relatedIn order to use to use the equare test the expected frequency in each

cell should be greater than 5, otherwise there may be a loss of statistical power (and
may fail to detect a genuine effect); i.e. the sampte smay be too small and the
sampling distribution of the test statistic may be too deviated from -&qciaire
distribution to be of any use. In these circumstances, when the sample sizes were
deemed small, for an accurate exact probability of the chiadptee being accurate,
Fishers exact test was used.

Outcome Year 1. Gender
Chi sq (1) = 2.786, p <0.05; p value 0.102 (Fishexact test)This was not significant,

there was a association and the Nullyidothesis was accepted. Therefgender dog

not significantly affectisk of DM (T2DM) at Year 1.The odds ratio demonstrated that
for femalesat Year ltheir odds of being non diabetic were 5.7 times higher than if they
had been a mal¢likelihood ratio 3.162JFigure81).

Outcome: Year 3Gender
Chi sgqg (1) = 2.733, p <0.05; p value 0

significant, there \&s no association and the Nulypbthesis was accepted. Therefore,

baseline gender does not significantly affect risk of DM (T2DM) at Year 3 even though

the trend suggests that it would be so for mdlélihood ratio = 2.73) Figure82).

Outcome: Year 1Ethnicity
Chi sg (1) = 0.583, p <0.05; p value 0.6

there vas no association and the Nulypbthesis was accepted. Therefore, ethnicity did

not sgnificantly affect risk of DM (T2DM) at Year 1. It was difficult to make any

conclusions about the odds ratio, given the few numbers of non Caud&siame83).
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Outcome: Year 3Ethnicity

Chi sqg (1) = 0.083, p <0.05; p value 0.5,
there was no association and thall Hypothesis was accepted. Therefore, ethnicity did

not significantly affect risk of DM (T2DM) at Year(&igure84).

Outcome: Year 1Smoking Status

Chi sqg (2) = 0.035, p <0.05; p value O
significant, there \&s no association arnlde Null Hypothesis was accepted. Therefore,
smoking status did not significantly affect risk of DM (T2DM) at Year 1; (likelihood

ratio = 0.035)Figure85).

Outcome: Year 3Smoking Status
Chi sgqg (2) = 0.71, p <0.05; p value 0.
significant, there \&s no association and the Nulypbthesis was accepted. Therefore,

smoking status does not significantly affect risk of DM 04) at Year 3; (likelihood
ratio = 0.721)YFigure86).

Outcome: Year 1Hypertension
Chi sqg (1) = 0.775, p <0.05; p significang 0. 6 .

there vas no association and the Nulypbthesis was accepted. Therefore, baseline

hypertension does not significantly affect risk of DM (T2DM) at Year 1. (likelihood
ratio = 0.864)Figure87).

Outcome: Year 3Hypertension
Chi sg (1) = 1.64, p <0.05; p value 0.19
there vas no association and the Nullypbthesis was accepted. Therefore, baseline

hypertensia does not significantly affect risk of DM (T2DM) at Year 3; (likelihood
ratio = 1.64)Figure88).

Outcome: Year 1Dyslipidemia
Chisq (1) =0.293,p<0.05;pvalde. 701 (Fi sherd6s exact test

there wvas no association and the Nullypbdthesis was accepted. Therefore, baseline

dyslipidemia does not significantly affect risk of DM (T2DM) at Year 1.The odds ratio

demonstrated that for subjectsat had dyslipidemia, the odds of being non diabetic
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were 1.5 times higher than i f they didno
1.20)(Figure89).

Outcome: Year 3Dyslipidemia
Chi sgqg (1) = 1.205, p <0.05; p value O
significant, there \&s no association and the Nulypbthesis was accepted. Therefore,

baseline dyslipidemia does not significantly affect riskDdl (T2DM) at Year 3;
(likelihoodratio = 1.20) Figure90).

Outcome: Year 1FHx of DM

Chi sqg (1) = 0.379, p <0.05; p \vgaificane 0. 6
there wa no association and the Null pbthesis was accepted. Therefore, baseline

FHx of DM does not significantly affect risk of DM (T2DM) at Year 1. The odds ratio
demonstrated that for subjects that had a FHx of DM at baseline, the dalaghon

di abetic were 0.61 times higher than if
0.374)(Figure9l).

Outcome: Year 3FHx of DM

Chisq (1) =0379p <0.05; p value 0.538 (Pearso
significant, there w&s no association and the Nulpbthesis was accepted. Therefore, a
baseline FHx of DM does not significantly affect risk of DM (T2 DM) at Year 3;
(likelihood ratio 0.381)Figure92).
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Bar Chart

20

Year 1
Outcome

M ron diabetes
M ciabetes

15

Count

Gender

Figure 81: Chi-sq Year 1 Outcome: Gender

-In the bar chart above, baselirender does not significantly affeisk of DM (T2DM) at Year I(F = female; M =
male).

Bar Chart

Year3
Outcome

M non diabetes
M diabetes

15

Count

Gender

Figure 82: Chi-sq Year 3 Outcome: Gender

-In the bar chart aboveabeline gender does not significantly affect risk of DM (T2DM) at Ye@& 3 female; M =
male.
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Bar Chart

30

Year 1
Outcome

M ron diabetes
M ciabetes

20
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10

caucasian n.caucasian

Ethnicity

Figure 83: Chi-sq Year 1 Outcome: Ethnicity

-In the bar chart abovéaselineethnicity did not significantly affect risk of DM (T2DM) at Yeay (h. caucasian =
non caucasian).

Bar Chart

Year3
Cutcome

B non diabetes
Ml diabetes

Count

caucasian

n.caucasian

Ethnicity

Figure 84: Chi-sq Year 30utcome: Ethnicity

In the bar chart abovéaselineethnicity did not significantly affect risk of DM (T2DM) at Year @. caucasian =
non caucasian).
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Bar Chart

25

Year 1
Cutcome

M non disbetes
W ciabetes
20—

15

Count

non smoker smoker ex smoker

Baseline Smoking Status

Figure 85: Chi-sq Year 1 Outcome: Smoking Status

-In the bar chart above, smoking staatibaselinalid not significantly affect risk of DM (T2DM) at Year 1

Bar Chart

Year3
Cutcome

M non disbetes
M diabetes

Count

non smoker

smoker ex smoker

Baseline Smoking Status

Figure 86: chi-sq Year 3 Outcome: Smoking Status

-In the bar chart above, smoking statii®aselinalid not signifiantly afect risk of DM (T2DM) at Year 3
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Bar Chart

257

Year 1
Outcome

B non diabetes
M cliabetes

Count

Baseline Hypertension

Figure 87: Chi-sqYear 1 Outcome: Hypertension

-In the bar chart abovéhe presence diypertensiorat baselinaloes not significantly affect risk of DM (T2DM) at
Year 1.

Bar Chart

Year 3
20 Clutcome

M ron disbetes
[ diabetes

Count

Baseline Hypertension

Figure 88: Chi-sq Year 3 Outcome: Hypertension

-In the bar chart abovéhe presence dfypertensiorart baselinaloes not significantly affect risk of DM (TiM) at
Year 3
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Bar Chart

157

Year 1
Outcome

B non diabetes
M cliabetes

Count

Baseline Dyslipidaemia

Figure 89: Chi-sq Year 1 Outcome: Dyskidemia

-In the bar chart above, the presence of dyslipidemia at baseline does not significantly affect risk of DM (T2DM) at
Year 1

Bar Chart
Year 3
Cutcome
M ron disbetes
12.54 M ciabetes
10.0-]

Count

Baseline Dyslipidaemia

Figure 90: Chi-sq Year 3 Outcome: Dyslipidemia

-In the bar chart above, the presenceyflipidemia at baseline does not significantly affect risk of DMOV2 at
Year 3.
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Bar Chart

20

Year 1
Outcome

B non diabetes
M cliabetes
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Count

Family History DM

Figure 91. Chi-sq Year 1 Outcome: FHx DM

-In the bar chart above,positiveFHx of DM at baselineloes not significantly affect risk of DNT2DM) at Year 1.

Bar Chart

Year 3
127 Cutcome

M non diabetes
M diabetes

Count

Family Histery DM

Figure 92: Chi-sq Year 3 Outcome: FHx DM

-In the bar chart above,positiveFHx of DM at baselineloes not significantly affect risk of DM (T2M) at Year 3
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Outcome: Baseline CGM Profil¢SAP)

Chisq@ = 2.957, p <0.05; p value O0.228
significant, there ws no association and the Nulypbthesis was accepted. Therefore
baseline CGM Profiles (SAP) did not sificantly affect risk of DM (TDM) at Year 1
(likelihood ratio 4.59). Interestingly, at Year 1, there were no subjects &@MTand
least variability CGM profile¢Table41, Figure93).

Table 41: Baseline CGM Profile SAP- Year 1 Outcome

Baseline CGM profiles SAP Total
least variability medium most variability
variability
non diabetes 8 12 9 29
Year 1 Outcome
Diabetes 0 4 4 8
Total 8 16 13 37
Bar Chart
Year1
127 Outcome
M rcn diabetes
M cliabetes

a=

Count

2=

least variability medium variability most variahility

Baseline CGM profiles SAP

Figure 93: Baseline CGM Profiles (SAP): Year 1 Outcome

-From the bar chart above, baseline CGM Profiles (SAP) (least, medium and most variability) did not significantly
affect risk of DM (T2DM) at Year 1
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Outcome: BaselinEGM Profiles(SAP)

Chi sq (2) = 1.271, p <0.05; p valwue O
significant, there ws no association and the Nulypbthesis was accepted. Therefore

baseline CGMProfiles (SAP) did not significantly affect risk of DM (T2DM) éear 3
(likelihood ratio 1.29)Table42, Figure94).

Table 42: Baseline CGM Profiles SAP- Year 3 Outcome

Baseline CGM profiles SAP Total
least variability medium most variability
variability
non diabetes 3 14 7 24
Year 3 Outcome
Diabetes 3 4 6 13
Total 6 18 13 37
Bar Chart
Year 3
107 Clutcome

B ron diabetes
[l diabetes

Count

least variability medium variability most variability

Baseline CGM profiles SAP

Figure 94: Baseline CGM Profiles (SAP): Year 3 Outcome

-From the bar chart above, baseline CGM Profiles (SAP) (least, medium and most variability) did not significantly
affect risk of DM (TDM) at Year 3.
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6.4CGM Profiles

6.4.1 Significance of CGM Profiles by Inspection

The CGM profiles for each subject that were inspected by eye (SAP) (APPENDIX 2
least variability, APPENDIX 3 medium variability, APPENDIX 4 most variability)

The GGM profiles for each subject that were inspected by eye ingestigated to see

if there was a significant differenaa them with regard to each of the four devised
CGM parameters that were used to assess CGM subject data. The Null Hypothesis was
that trere was no significant difference in CGM profiles by eye per individual CGM

parameter.

At baseline(n = 45), the mean can be seen to increase as the degree of variability by eye was thought to
was thought to increase. This was the case for all four CGM parameters invagited (Table 43). At baseline,
the Levene Statistic was 9.05 for all CGM parameters (range of 1.22.9) and so the assumption of
homogeneity of variance had not been violated and the variances were not significantly different (

Table 44). A one way analysis of variance (ANOVA) was conducted at baseline to evaluate the Null Hypothesis
that there was no significant difference in the CGM profilesinspectedby eye(least, medium and most

variability) based on the four CGM parameters respectively. A cut off point of 0.05 was used as a criterion for
used as a criterion for statistical significance. The observed significance value was less than 0.05 (p<0.05) with
than 0.05 (p<0.05) with regard to variability (least, medium and most) for all 4 CGM parameters, respectively
parameters, respectively (

Table 45). Therefore, there was a significant difference between the variability of the
eyeballed CGM profiles for each of the CGM parameters studied at baseline; the Nul
Hypothesis was thus rejected.

At Year 1 (n = 37) and the mean can be seen to increase as the degree of variability by
eye was thought to increase. This was the case for all four CGM parameters investigated
(Table 46). At Year 1, as at baseline, the Levene Statistic was > 0.05 for all CGM
parameters (range of 3827) and so the assumption of homogeneity of variance had not
been violated and the variances were not damtly different Table47). A one way
ANOVA was conducted at Year 1 to evaluate the Null Hypothesis that there was no
significant difference in the CGM profilaaspected by eydleast, medium and most
variability) based on the four CGM parameters respectively. A cut off point of 0.05 was
used as a criterion for statistical significance. The observed significance value is less
than 0.05 (p < 0.05) with regard to vdniigty (least, medium and most) for all 4 CGM
parameters, respectivelydble 48). Therefore, there was a significant difference and

evidence to reject the Null Hydwsis at this level of significance. There is a significant
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difference for each of the four CGM parameters, respectively pernaas CGM profile
inspected by eyat Year 1.

Table 43: BaselineCGM Parameters v Degree of CGM Profile Variability by Eye

Std. 95% Confidence

CGM PARMETERS vIN Mean | Std. Dev | Error | Interval for Mean Min Max
DEGREE OF VARIABILITY BY| Lower Upper
EYE Bound Bound

Least 9 6.13 .53 A7 5.72 6.54 5.27 6.81
MEAN Baseline | Medium 22 6.69 .50 .10 6.47 6.92 5.42 7.43
Av GI (mmol/l) Most 14 7.16 .69 .18 6.76 7.56 6.14 8.40

Total 45 6.73 .66 .09 6.53 6.93 5.27 | 8.40

Least 9 .64 .18 .06 .50 .78 .36 .90
MEAN Baseline

. Medium 22 .92 .15 .03 .85 .99 .54 1.19

AvGI| excursion

Most 14 1.34 .34 .09 1.14 1.54 .98 2.22
from Av (mmol/l)

Total 45 .99 .34 .05 .89 1.10 .36 2.22

Least 9 1.63 .53 17 1.22 2.04 T7 2.31
MEAN Baseline

Medium 22 2.19 .50 .10 1.97 2.42 .92 2.93
Av above norm

Most 14 2.66 .69 .18 2.26 3.06 1.64 | 3.90
Gl (mmol/l)

Total 45 2.23 .66 .09 2.03 2.43 77 3.90
MEAN Baseline | Least 9 1.80 .45 .15 1.45 2.15 1.03 2.44
Av Gl excursion | Medium 22 | 241 44 .09 2.21 2.60 1.32 | 3.10
from norm Gl | Most 14 | 3.03 .60 16 2.68 3.38 2.30 | 4.05
(mmol/) Total 45 | 2.48 .65 .09 2.28 2.68 1.03 | 4.05

Table 44: BaselineTest of Homogeneity of Variances

CGM PARAMETERS Levene Statistic dfl df2 Sig.
MEAN Baseline Av Gl

1.27 2 42 .29
(mmol/l)
MEAN Baseline AvGI

) 2.99 2 42 .06

excursion from Av (mmol/l)
MEAN Baseline Av above

1.27 2 42 .29
norm Gl (mmol/l)
MEAN Baseline Av Gl
excursion from norm Gl 1.54 2 42 .22
(mmol/l)

Table 45: Baseline ANOVA of CGM Profile Variability by Eye and CGM Parameters
156



CGM PARAMETERS Sum of Df Mean F Sig
Squares Square
Between Grps 5.84 2 2.92 8.85 .00
MEAN Baseline AV Gl inin Gros 13.87 42 33
(mmol/l)
Total 19.72 44
MEAN Baseline AvGI Between Grps 2.89 2 1.45 25.88 .00
(mmol/T) Total 5.25 44
MEAN Baseline Av Between Grps 5.84 2 2.92 8.85 .00
(mmol/l) Total 19.72 44
. Between Grps 8.53 2 4.26 17.17 .00
MEAN Baseline Av Gl
excursion from norm  Within Grps 10.43 42 .24
Gl (mmol/l) Total 18.97 44
Table 46: Year 1 CGM Parameters v Degree of CGM Profile Variability by Eye
CGM PARAMETERS V 95% Confidence
DEGREES OF VARIABILITY N Mean | Std. Dev | Std. Interval for Mean Min Max
BY EYE Error | Lower Upper
Bound Bound
Least 8 5.98 .66 .23 5.42 6.53 5.03 | 6.82
MEAN Yearl Medium 16 6.64 A2 .10 6.42 6.87 6.17 | 7.66
AvGI (mmolll) Most 13 7.75 1.15 .32 7.05 8.45 6.07 | 10.47
Total 37 6.89 1.04 17 6.54 7.24 5.03 | 10.47
MEAN Yearl Least 8 .64 .20 .072 A7 .81 41 1.00
AvGlI excursion | Medium 16 .97 22 .056 .85 1.09 72 1.47
from Av Most 13 1.68 .64 17 1.29 2.07 1.03 | 3.41
(mmol/T) Total 37 | 1.15 .58 .09 .95 1.34 41 | 3.41
Least 8 1.48 .66 .23 .92 2.03 .53 2.32
MEAN Yearl Av -
Medium 16 2.14 A2 .10 1.92 2.37 1.67 | 3.16
above norm Gl
Most 13 3.25 1.15 .32 2.55 3.95 1.57 | 5.97
(mmol/l)
Total 37 2.39 1.04 17 2.04 2.74 .53 5.97
MEAN Yearl Least 8 1.67 .54 .19 1.22 2.12 1.03 2.44
AvVGI excursion | Medium 16 2.38 .35 .08 2.19 2.57 1.82 | 3.25
from norm Gl Most 13 3.72 1.16 .32 3.02 4.43 2.33 | 6.19
(mmol/T) Total 37 | 270 | 1.10 .18 2.33 3.07 1.03 | 6.19

Table 47: Year 1 Test of Homogeneity of Variances
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VARIABLES Levene Statistic dfl df2 Sig.
MEAN Yearl AvGl (mmol/l) 3.27 2 34 .050
MEAN Yearl AvGlI excursion

3.94 2 34 .029
from Av (mmol/l)
MEAN Yearl Av above norm Gl

3.27 2 34 .050
(mmol/l)
MEAN Yearl AvGl excursion

5.76 2 34 .007

from norm GI (mmol/l)

Table 48: Year 1 ANOVA of CGM Profile Variability by Eye and CGM

CGM PARAMETERS Sum of Df Mean F Sig.
Squares Square

Between

G 17.36 2 8.68 13.48 .00
MEAN Yearl AvGI roips
(mmolll) Within Groups 21.89 34 .64

Total 39.25 36

Between 6.24 2 3.12 17.71 00
MEAN Yearl AVGI Groups ' ' ' '
excursion from Av Within Groups 5.98 34 17
(mmol/l)

Total 12.22 36

Between

G 17.36 2 8.68 13.48 .00
MEAN Yearl Av above roups
norm GI (mmol/l) Within Groups 21.89 34 .64

Total 39.25 36

Between 23.71 2 11.85 19.84 00
MEAN Yearl AvGI Groups ' ' ' .
excursion from norm  I'yinin Groups 20.31 34 59
Gl (mmol/l)

Total 44.02 36

6.4.2 CGM Profiles & Outcome: Year 1 and Year 3

At Year 1, subjects were classed as DM (T2DM) accgrdtintheir OGTT result (FPG

O 7mnol /1) and at Ymenali Wit regasd toRHe Gubjérts WhoO
became DM (T2DM) at Year 1 (n = 8)able49), 100% of those that underwent repeat
testing with OGTT ammol¥and 62.5% of thénathd aFYRaE3 O 6
FPG of O 7.0 mmol /Il . With regard to the
inspected by eye, 87.5% of the subjects that were classed as DM (T2DM) at Year 1 on
OGTT results had CGM profiles (at baseline or YEathat were thought to be at least
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of medium variability (apart from subject IPRE3, who refused a repeat OGTT). At

Year 1, for those (n = 8) subjects found to be DM (T2DM), 50% of them (n = 4) had
been prescribed medication by their General Practitig@e); the other 50% (n = 4)

had received diet and lifestyle advice. At Year 3, all subjects who had been commenced
on medication at Year 1 by, thedeesubjects @&e h a d
scored as having DM (T2DM) at Year W/ith regard to the fi@ subjects (n = 5) that
received lifestyle advice from the GP at Year 1, less than 50% had improvement in their
FPG at Year 3 on testing. The GP was contacted immediately by telephone, regarding
subject IPR@2, who had a FPG at Year 3 of 22.0 mmol/l. leséingly, two subjects
IPRO-13 and IPR@19 did notattend for Year 1 repeat OGTT testing, but did attend at
Year 3 and were bothfoud t o bot h h avie OMATRZDM).IPROO6mmo | /
was DM at Year 1 and had a most variable CGM profile, which remhaimest variable

at Year 3 Figure95).

With regard to the subjects who became N
6.1 mmol/l Error! Reference source not foupd With regard to the corresponding CGM profiles

(SAP) that were inspected by eye, the majority (57.14%) (n = 4) of subjects profiles
became less variable with time; 14.28% (n=1) of the CGM profiles (SAP) stayed the
same and 28.57% (n 2) of the CGM profiles (CGM) increased in variability with

time) (Figure96). Interestingly, at Year 3, two subjects went on to become DM (T2DM)

i . e. FPG O7.-84 andi?BOD-36) and(bbtiP d® their corresponding CGM
profiles were observed by eye to have increased in variability also none of these

subjects had been prescribaddication by their GP.

With regard to the subjects who were found to be IFG at Yéar= 10), as expected all

of them had FPG 6.1mmol/l (Table 51). With regard to the corresponding CGM
profiles (SAP) that were inspected by eye, the majority 40% (n = 4) of subjects profiles
became increasingly variable with time; 30% (n=3) of the CGMilps (SAP) stayed

the same and 30% (n = 3) of the CGM profiles (CGM) decreased in variability with
time. Interestingly, three subjects had been prescribed medication or given lifestyle
advice by their GP, all of which had between medium to most vatialoiti their
corresponding CGM profiles (SAP), theo subjects (IPRE35 and IPR@B8) with the

most variability on CGM profiles (SAP) a

7.0 mmol/I(Figure97).
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With regard to the subjects who were found to be IFG+IGT atYeal (n = 7)), al | of them he
them had FPG(O 6.1 mmol /|

Table52). With regard to the corresponding CGM profiles (SAP) that were inspected

by eye, the majority 57.1% (n = 4) of subjects profiles became increasingly variable
with time; 28.5% (n=2) of the CGM profiles (SAP) stayed the same and 14.2% (n = 1)

of the CGM profiles CGM) decreased in variability with time. At Year 3, three subjects
(IPRO07, IPRO11 and IPR@®2 1) had FPG O7 mmol /|l and e
lifestyle advice from the GP. Subject IPR® had been placed on medication by the

GP based on his baseline ammal OGTT,; interestingly, the corresponding CGM
profile (SAP) appeared to increase in variabi{Fjgure98).

With regard to the subjects who became IGT at Yead (n = 5)(

Table 53), al | of them had FPG O 6.1 mmol /
corresponding CGM profiles (SAP) that were inspected by eye, the majority (60%) (n =

3) of subjects profiles became less variable with time; 40% (n=2) of the CGM profiles
(SAP) stayed the same and none of the CGM profiles (CGM) increased in variability
with time. None of these subjects had been prescribed medication by their GP. Based on
FPG at Year 3, only one subject IPR® ) had a F RFRuréd®9.. 0 mmol / |

Table 49: DM (T2DM) at Year 1 with regard to CGM P rofiles
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Subject Y1 OGTT Result CGM Profile CGM Profile GP Advice Year 3 FPG
(FPG) (mmol/l) Baseline Year 1 (mmol/l)
*IPRO-03 / Least Most Medication 6.10
IPRO-06 7.2 Most Most Medication 7.0
*IPRO-13 / / / / 7.7
IPRO-14 6.1 Most Most Lifestyle 6.5
*IPRO-19 / / / / 9.3
IPRO-22 7.0 Most Medium Lifestyle 22.0
IPRO-24 7.0 Most Medium Medication 6.5
IPRO-26 7.2 Medium Medium Lifestyle 6.9
IPRO-28 7.7 Most Most Lifestyle 8.0
IPRO-41 7.3 Medium Medium Lifestyle 6.6

* Subject IPR@)3 refused repe@GTT but agreed to CGM. Subjects IPR® and IPRGL9 did not attend for Year
1repeat OGTT testing, but attended for Year 3 FPG check.

Patient:

Sensor Modal Day
ID: ipro-006a

Medtronic Solutions: CGMS iPro
CGMS iPro 2 2A

222 - - - - 0 0 0 7000

sz [ 0
=
=
=
=
B
=1
=1
=
(=)

oo [ — — - - —-—>—>———-7 07" 0 000 00 00 0 00~

L 1 I I L L I
03:00 06:00 09:00 12:00 15:00 18:00 21:00
Time Of Day
agen -
. o Sunday Tuesday Thursday Saturday
Monday Wednesday Friday
Report Printed: 27-Feb-08 07:03
Sensor Modal Day Patient:

ID: ipro-006b Medtronic Solutions: CGMS iPro

CGMS iPro 2.2A

22.2

0se - mmolL

i

Gl

0.0
. . . . . .
03:00 o0s:00 0s:00 : 15:00 18:00 21:00
Time Of Day
Legend | Sunday Tuesday Thursday Saturday
Monaay W ednesday Friday

Report Printed: O4-Mar-08 085:24

Figure 95: DM: Sensor Modal Day Subject: IPRO-06a and IPRG-06b

-*IPRO-06a: DM at Year 1most vaiability demonstrated on CGMS haseline and Year 1saan observed from
the subjecprofiles above.

Table 50: NGT at Year 1 with regard to CGM Profile
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Subject Y1 OGTT Result CGM Profile CGM Profile GP Advice | Year 3 FPG
(FPG) (mmaol/l) Baseline Year 1 (mmaol/l)
IPRO-23 4.2 Medium Least / 4.7
IPRO-30 5.3 Medium Least / 6.3
IPRO-34 5.7 Least Medium / 7.6
IPRO-36 5.7 Medium Most / 8.0
IPRO-37 4.6 Medium Medium / 5.2
IPRO-39 5.9 Most Medium / 6.8
IPRO-43 5.8 Medium Least / 6.2
*Y1 = year
Sensor Modal Day F'al'e""l:f"; ipro-023a Medt e somut coms e
= .7 | e e
£
=
Sensor Modal Day F’ﬂtlelntt)-: Ipro-023b .
22z - - - - 0 00— =

Glucoss - mmollL

L L
03:00 06:00 09:00 12

Legend

:00 15:00 18:00 21:00
Time Of Day
Sunday Tuesday Thursday Saturday
Monday W ednesday Friday

Report Printed: 04-Mar-08 06:03

Figure 96: NGT Sensor Modal Day Subject: IPRG23a and IPRO-23b

-Medium variability at baseline on CGM Profiles by eye, least variability at Y,esrcan observed from the subject
profilesabove.

Table 51: IFG at Year 1 with regard to CGM Profiles
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Subject Y1 OGTT Result CGM Profile CGM Profile GP Advice Year 3 FPG
(FPG) (mmaol/l) Baseline Year 1 (mmaol/l)
IPRO-16 6.2 Medium Least / 6.5
IPRO-17 6.3 Medium Least / 6.6
IPRO-20 6.2 Least Medium / /
IPRO-31 6.2 Most Most Medication 6.6
IPRO-35 6.3 Medium Most Medication 7.2
IPRO-38 6.8 Medium Most Lifestyle 7.5
IPRO-42 6.3 Most Medium / /
IPRO-44 6.4 Medium Medium / 6.5
IPRO-45 6.5 Medium Most / 6.3
IPRO-46 6.6 Medium Medium / /
*¥1=Yearl
Sensor Modal Bay T pro-0asa Medtronic Solutions: SGMS IPro
T
% 1117
Sensor Modal Day TEES ipro-03sh Medtronic Solutions: GOMS (Pro

Glucos - mmolL

oo | - - " - 0 0 0 0 000 00 0 0 0=
i i i . i
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Report Printad: 04-Mar-08 08:42

Figure 97: IFG Sensor Modal Day Subject IPRQ35a and IPRO-35b

--Medium variability at basele on CGM Profiles by eye, mosdriability at Year 1a can observed from the subject
profiles above.

Table 52: IFG+IGT at Year 1 with regard to CGMS Profiles
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Subject

Y1 OGTT Result

CGM Profile CGM Profile GP Advice Year 3 FPG
(FPG) (mmaol/l) Baseline Year 1 (mmaol/l)

IPRO-05 6.8 Least Medium / 6.6
IPRO-07 6.3 Least Least Lifestyle 8.3
IPRO-09 6.2 Least/Medium Medium / /

IPRO-11 6.3 Least Most Lifestyle 7.6
IPRO-18 6.3 Medium Most Medication 6.0
IPRO-21 6.4 Most Medium Lifestyle 7.2
IPRO-46 6.9 Medium Medium / 6.4

*Y1 =Year 1

Sensor Maodal Day

Patient:
ID: ipro-011a

Medtronic Solutions: CGMS iPro

CGMS iPro 2.2A

222

11.1

Glugase - mmollL

0.0

16.7 |

06:00 o09:00 12:00 21:00
Time Of Day
Tegond | Sunday Tuesday Thursday 1ay
Monday Wedne Friday
Report Printed: 27-Feb-08 07:53
Sensor Modal Day Patient:

1D ipro-011b

Medtronic Solutions: CGMS iPro
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Repert Printed: 27-Feb-08 07:55

Figure 98: IFG+IGT Sensor Modal Day Subject: IPRO-11a and IPRO-11b

-Leastvariability at basetie on CGM Profiles by eye, mostriability at Year 1 & can observed from the subject

profiles above.
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Table 53: IGT at Year 1 with regard to CGM Profiles

Subject Y1 OGTT Result CGM Profile CGM Profile GP Advice | Year 3 FPG
(FPG) (mmaol/l) Baseline Year 1 (mmol/l)
IPRO-01 5.9 Most Most / 6.3
IPRO-02 6.0 Most Medium / 7.4
IPRO-10 5.9 Most Least / 5.4
IPRO-29 5.2 Least Least / 4.6
IPRO-40 6.0 Most Medium / 6.7
*Y1=VYearl
Sensor Modal Day Fatient:

1D ipro-002a Medtronic Solutions: CGMS iPro

CGMS iPro 2.2A

22 - - - 0 >0~
w7 (- - - - > =00~
=
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sgen
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Report Printed: 27-Feb-08 05:54
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Figure 99: IGT Sensor Modal Day Subject IPRG02a and IPRO02b

-Mostvariability at basetie on CGM Profiles by eye, mediurariability at Year 1as can observed from the subject
profiles above.

6.5Regression Analysis
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Regression analysis a statistical process used to estimate the relationships among
variables. Thdocus s on the relationship between the dependaniable (outcome)
and one or moreindependent variabéeor predictors. It is usea tunderstand which
among the independent variables are related to the dependent vatialies.study,

the outcome (dependant variable) was Year 3 FPG.

Baseline Age baseline BMI, baseline Gender, baseline FPG, baseline 2hr glucose,
baseline HbAlc, batine CGM for 4 parameters resfigely, GAD Ab, C-peptide and
insulin were all tested with regard torear 3 Outcomge using a binary logistical
statistical programmeto see if any of them affected the outcome or influenced each
other. The Null Hypothesisbeing that there was no association with any of the
measurement variatdeliscussed abovat the p < 0.05 level and the outcome (DM i.e.
FPG Year 3)Table54).

In logistic regression, the Wald statistiechich has a Chsquare distribution was used
to assess the contribution of predictoi$ie Wald statistic wa the value of the
regression coefficient dividedybts associated standard errtre odds atio [Exp(B)]
was an indicator of the change in odds resulting from a unit change in the prédsjtor
In this study, none of the parameters tested reached signifitanite p < 0.05 level)

with regard to outcome affect and the Ndilpothesis was accepted.

R = (1) 2.69 p > 0.05 (0.1)

6.6 Summary: Chapter 6

A number of preselectedparametersvere analysed at baseline, Year 1 and Year 3 with
regard to looking at progression towards an outcome of diabetes (T2DM) or non
diabetes. At Year 1, an outcome of DM (T2DM) or non diabetes was established for all
study subjects following testing with OGTa&t Year 3, an outcome of DM (T2DM) or

non diabetes was established for all study subjects following FPG testing. The
parameters were analysed in order to look at progression or change over time. At
baseline and Year 1, parameters analysed included FPGT QGours, HbAlc, plus

the four CGM parameters (Mean Baseline Average Glucose; Mean Baseline Average
Glucose Excursion from the Average, Mean Baseline Average above Normal and Mean

Baseline Average Glucose Excursion from the Normal Glucose); at YearGaré#
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HbAlc were analysedAt Year 1, 17.8% of subjects had progressed to DM (T2DM)
(Table35) and at Year 346.6% of subjects had progressed to DMIIM) Table36).

Assuming the data to be normally distributed, the Independent S&mest was used

to compare the means of two independent groups in order to determine whether there
was a statisticallpignificant difference between them. The two outcome groups were
non diabetes and diabetes. The outcome of both groups at Year 1 and Year 3 was

investigated with regard to a number of baseline variables:

Baseline Age (years)

Baseline OGTT 0 mins (mmol/l)

Baseline OGTT 2 hours (mmol/l)

Baseline HbAlc (mmol/mol)

Mean Baseline Average Glucose (mmol/l)

Mean Baseline Average Glucose Excursion (mmol/l) from Average

Mean Baseline Average above Normal Glucose (mmol/l)

=4 =2 =4 A4 A4 A4 A -

Mean Baseline Average Glucose Excursion frodormal Glucose
(mmol/l)Baseline BMI (Kg/rm)

The outcome of both groups at Year 3 was investigated with regard to:

1 Year 1 Insulin and Year 1-@eptide.

The Null Hypothesis in this instance was that there was no significant difference (i.e. no
variation) wih regard to the specified variable in each group, with regard to outcome.
Where Leveneds test was p>0.05, t he Null
Year 1 outcome, a 95% CI, a p<0.05 was classed as statistically meaningful and
significant and the NUHypothesis was rejected. With regard to Baseline OGTT 120
mins and Mean Baseline Average Glucose Excursion (mmol/l) from Average, the
results were significant anthé Null Hypothsis was rejected. llere was a significant
difference between the groups Year 1 for Baseline OGTT 120 minsnd Mean
Baseline Average Glucose Excursion (mmol/l) from Aver@bable 37, Table 38).

With regard to Year 3 outcome, none of the variables tested demonstrated significance
difference in means, when the outcome of the diabetes and non diabetes groups was
investigated, respectivelyféble 39, Table 40). Of the 4 CGM Parameters constructed

to look at whether they were able to prediabgyession to DM (T2DM), one of the
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most promising parameters was seen to be
However, when one looked at this particular parametér Me a n Baseline
excursion from Avd with r egabM), the medigne ar
values were almost the same for the subjects with diabetes as those without, which was
disappointing. The resulting intguartile ranges and lowest and highest values of data

were for each outcome was almost identical afsgufe80).

In this study, a number of categorical variables vadse assessed at baseline, to see if

they had any bearing on the outcome of DM (T2DM) at YearMerar 3. -CRear s
square testvas used to compare the frequency observed in certain categories to the
frequencies one may expect to getthose categories by chance. Ethnicity, smoking
status, hypertension, dyslipidemia and FHx DM did sighificanty affect risk of DM

(T2DM) at Year 1 or Year 3 and the Null Hypothesis was accepted in these cases.
Baseline CGM Profiles (SARyere also studied armdid not sigificantly affect risk of

DM (T2DM) at Year 1 and Year 3.

The CGM profiles for each subjedtat were inspected by eye (SAP) were investigated

to see if there was a significant difference in them with regard to each of the four
devised CGM parameters that were used to assess CGM subject data. ANOVA was
conducted at baseline and Year 1 to evalttaeNull Hypothesis, in that there was no
significant difference in the CGM profiles inspected by eye (least, medium and most
variability) based on the four CGM parameters respectively. The observed significance
value was less than 0.05 (p<0.05) with relgtr variability (least, medium and most)

for all 4 CGM parameters, respectively (

Table44) (
Table45) (Table47) (Table48). Therefore, there was a significant difference between
the variability of the visually inspected CGM profiles for each of the CGM parameters

studied at baseline and at Year 1; the Null Higpsis was thus rejected.

Finally, regression analysisvas used to understand which among the independent
variables were related to the dependent variables. In this study, the dependent variable
was Year 3 FPG and the independent variables were baseln&My Gender, FPG,

2hr glucose, HbAlc, CGM for 4 respective parameters, GAD Atefiide and insulin.

The independent variables were all tested with regard to Year 3 Outcome, using a
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binary logistical regression analysis to see if any of them affetiedotitcome or
influenced each other. The Null Hypothesis being that there was no association with any
of the measurement variables discussed above at the p < 0.05 level and the outcome
(DM i.e. FPG Year 3)Table54). In this study, none of the parameters tested reached
significance (at the p < 0.05 level), with regard to outcome affect and the Null

Hypothesis was accepted.
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Table 54: Regression Analysis Binary Logistic

Variables not in the Equation?

Score Df Sig.
FHxDM(1) .012 1 913
Gender(1) 3.155 1 .076
Ethnicity(1) .229 1 .632
BaselinesmokingStatus(1) .002 1 .965
BaselineHypertension(1) .440 1 .507
BaselineDyslipidaemia(1) 1.357 1 244
BaselineAgeyears .045 1 .831
BaselineWeightkg .153 1 .696
BaselineBMIkgm2 .188 1 .665
BaselineOGTTOminsmmoll 1.118 1 .290
IIl3asellneOGTT120m|nsmmo 939 1 332
MIXBaselineOGTTresult 2.174 2 .337
MIXBaselineOGTTresult(1) .018 1 .893
MIXBaselineOGTTresult(2) .944 1 .331
BaselineHbAlcmmoll .906 1 341
BaselineCGMprofilesSAP 1.402 2 496
Step 0 Variables  BaselineCGMprofilesSAP(1) .081 1 775
BaselineCGMprofilesSAP(2) 1.357 1 .244
YearlGADuml .004 1 .948
YearlinsulinpmolL .702 1 402
YearlCpeptidepmolml .396 1 .529
MEANBaselineAvGImmolL 3.837 1 .050
anIrEOAr\rI]\IAI?:/arjre;:lc:iAleexcurS|o 161 1 688
anE,IAnl:lnlisﬁ_ehneAvabovenor 3.837 1 050
baseline_BMI_categories .307 2 .858
baseline_BMI_categories(1) .229 1 .632
baseline_BMI_categories(2) .136 1 713
BaseAgeGrp 672 2 715
BaseAgeGrp(1) .545 1 .460
BaseAgeGrp(2) .028 1 .868
a. Residual Chi-Squares are not computed because of redundancies.
Variables in the Equation
B S.E. Wald Df Sig. Exp(B)
Step 0  Constant -.642 391 2.699 1 .100 .526
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7.0Discussion

During therecruitment perid between October 2009 and J2td 1, 486 subgects were
screenedor this study All subjects were invited to participate in the study if they met

the study inclusion criteria and were found to have impaired glucosertoée on
testing. Out of the 488ubjects screened 47 subjects wereruited to study (cohort
group), almost meeting our study objective of n = 50. Of these 47 subjects, all have
completed baseline (A) t = 0 investigations; two subjects requested to leave the study
following completion of baseline t = 0 investigationsieOyear later, all 45 subjects of

the cohort group were invited to return for t = 12 month follow up investigations Of the
45 subjects contacted, 37 subjects responded and have completed 12 month follow up
(B) investigations. The 8 outstanding subjectsemgithdrawn from the study at this

point either at their request (due to personal time commitments) or being untraceable via
all forms of communication. Of note, a-1dld difference was observed in the subjects
attending for OGTT to those who actually fi@pated in the study. This data may be
useful when planning future studies with regard to consideration of target recruitment
numbers. At Year 3, similar numbers returned for assessmemnt,mi t idrogoud he 6
rate.

There is no screening programme ira6 for T2DM Patients referred in for OGTT
testing in this study form a group of in
being based on the fact that GP and secondary care physicians selected them from the
population as a whole and referrectrtih in. The risk of picking up positive OGTT
initially from a general screen of the population as a whole would be lower. As
previously discussed, IFG and IGT classify a-giabetic state and define individuals

who may develop progressive deteriorationglncose homeostasis, leading to frank
T2DM, as described by Galat al (2000) (4). Many people with IFG or IGT will not
progress to T2DM but appear to spontaneous revert to ncamdescribed by Lirat al

(2000) (5). Others may progress only very slowlwhereas in some cases the
progression may be rapids described by Albergt al (1996) (6). At Year 1, 37
subjects (n = 37¢ompleted 12 month follow up ard = 8) subjects (22%) were shown

to have progressed to diabetesrepeatOGTT testing at Yea 3, approximately half of

the studygroup had become diabetic (TRD). This result would be in excess of the
projected numbers thought to progress in this population from initial calculations at 12
months. Of the remaining 29 subjects, one would expedétdialhem to revert to

normal as described by Baet al (2007)(20) and tle other half to stay as IFG/IGTh
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this instance, 7 subjects (n =7) (19%) returned to normal glycaemia, which is less than
anticipated at 12 months. This may be due to the cliradaice and information

received by the patient from their referring clinician at baseline OGTT testing and also
if any advice given was carried out. However, it would be consistent with the projected

estimated target number at 2 years.

As already discussed, therapeutic interventions have been shown to reduce the risk, or at
least the pace of deterioration from IGT and IFG to T2[Ritcardiet al 1985)(7)
(Ferranniniet al 2004) (8) and (Unger and Orci 201QP). To target interventions
specifically to prevent progression those at greatest risk, further information as to
which individuals are most likely to progress is needed. A marker of deteriorating
carbohydrate homeostasis would be increased fluctuations in blood glucose levels. The
use of continuous glucose sensitogquantify the fluctuationsvas proposed in this

study to assess whether CGMS couielp identify people with abnormal glucose
tolerance who progress to T2DMnfortunately,the analysihere @monstratedere,

as seen in Results Chapters 4, 5 atlies6CGMS wereunableto predct progressiorio
diabetes in this study populatiomm this study, one of the analysisonductedeached
statistical significancép< 0.05) It may be that in a larger data set, CGM may have
greater predictive power to predictogression to diabetes from a pre diabetic state.
CGM, did however, identify a groupFG subjectswho between baselinend Year 1
appeared ta@lemonstraten increased rislof progression towards diabeteghich was

also reflected in the subjects CGM pledi level of variability ie medium variability.

This may be thegroup on which to focus, with regard to targeted interventidhe
apparentbaselinehigh risk groupidentified from this study wa$FG. The CGM
parameter mean average glucose excursion attmveverage seemed at times to be
approaching significance in the various statistical tests, unfortunately, it was not a

significant predictor of progression.

This study had a number of strengths and weaknesses
Strengths
1 The study was ethically approved.
1 The study subjects were reflective of a normal population.
1 The cohort of individuals wh a positive OGTT that gave consent to be

included in the study werepecious resource.
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1 Demographic dta was obtained on all gbjects for past medical history
(hypetension, dyslipidemia, cardiovascular disease, pancreatic disease and
thyroid disease), social history (smoking history), familgtény of diabetes,
medications andthnicity.

1 The study data wasanalysed atbaseline Year 1 and Year 3 respectively,
accordng to outcomeln order toenable a Year 3 analysis aobtainincreased
data regarding disease progressian, ethical amendment wasuccessfully
obtained.

1 At Year 1,37 subjects (n = 37) out ahe orginal 45baselinesubjects (n = 45)
returned (82%), with similar numbers a¥ear 3(84.4%) this demonstrated
minimal &rop oubrate

1 As part of the study, ubjects were identifiedhat had progressed in all the
possible combination of ways:ei progressed from IFG and IGT to T2DM,;
progressed from IFGna IGT to NGT, progressed from IFG toT®r remained
static.

1 The outcome of the 12 months repeat OGTTiclvlever direction it progressed
appearedo be reflected in the HbAlc value.

1 The CGM sensomwas able taead 288 readings of interstitiglucose inany 24
hour period.

1 There was a Hbld difference observed in subject numlagiending for OGTT
to those who actually pactpatedin this study. This data may be usefnl
planning future studiesas it may have bearing when attempting to recruit a set
target number.

T Inthe futureehe O6r aw dat a doefurther studiesuHordexamge, u s e
re-analysisat different time points, which may yield beneficial information

(1) Complete 24 hour data sets (midnight to midnight)

(2) Complete day time data (I®ur data) (9ar®pm)

(3) Complete night time data (12 hour data) (99am)

(4) Meal time data. This can be split into goeandial (fasting) and 2 hour
postprandial for breakfast, lunch and supper time.

Weaknesses
1 The patients referred in for OGTT testing in ttlegidy form a group of
i ndividuals deemed to be O6intermediat
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them from the population as a whole and referred them. The risk of picking up
positive OGTT initially from a general screen of the population as a whole
would be lower.

A larger cohort of subjects.€. > n = 45 at the start would havadded power to
the study.

A robustplan to analyse the subjects who withdrew from the stiéach stage
would have provided added information to this study.

The age range of the subjembhort was approximately 48 years, which
appeared to bbiased towards the older age grougowever this may be a
reflection ofreal lifewith regard to T2DM

Initially, the study wago look at progressioaf diseasdrom baseline to Year 1
and Year 3However, n reality some subjectseturned up to @nonthsafter
their exact date for re analysigleally, exact date ranalysis would have been
preferred.

A complete data set is optimal. In this study, the data sstim@mpletein
places; for example, (n = $ubjectout of (n= 37) subjects at Year 1 refustx
OGTT butagreed tadCGM. At Year 3, OGTT was not conducted due to patient
choice and CGM was not conducted due to patient choice and Pl/funding
availability. Any incomplete data was accounted for during the statistical
analysis.

All subjects should have had GAD Aéstat baseline rather that at Year 1. All
subjects should also have had insulin ange@tide testing at baselirnd at
Year 3. This was due to avaiitity and limitationin study funding.

There is only a single day of complete 24 hour CGM sensor data insdodye
subjects; ideally, there should bes4days of complete data to get the most
accurate result€One could have increased the chances ofeaoig complete
CGM sensor dataf the subjectshad agreed to wear the sensor for longer.
However this would have meant the subjects returningtiplel times for a fresh
sensor (which was not favoured by the subjects). If this was stipulated, then it
mayltave resul t eddropoubraten i ncr eased O

The CGMsystem requires calibratiausing a blood glucose value ainted from

a home glucose meter. Therefore, any inaccuradi¢se value obtained from
the referene meter would@lso affect the accuracy tfe value calculated by the

CGM system. Sinceghe sensitivity of the sensor chasgalsg any failure to
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calibrate the sensdny the study subjectaf least four times dailas instructed)

wouldresult in inaccuratglucose readings.

With the study aim in mind, a set of specific objectives were set out that were
measurable, potentially achievable, realistic and timely. With regard to them, ethical
approval was successfully obtained from the relevant bodies in order to conduct the
study Statistical advice was obtained from Professor Robert Newcombe, Cardiff
University School of Medicine and a proposed sample size of (n = 50) with confirmed
IFG/IGT on OGTT was considered justifiable. Demographic data, a thorough medical
history, medicabn history, family history and social history was obtained at baseline
and on all study subjects that returned for repeat teativgar 1 and Year 3. Instead of
ideally, obtaining GAD antibody status,-geptide and Insulin levels on all study
subjects atbaseline, this was obtained at Year 1. This was due to the fact that the
original ethical approval did not include GAD Ab géptide or Insulin testing. An
amended ethical approval was successful in order to achieve this. At baseline and Year
1, OGTT, chek HbAlc and CGM was performed on all study subjects. At YeBP&

was performed andised as outcome indicatoinstead of OGTT Although ethical
approval was obtained for an OGTT and CGM at Year 3, when the study subjects
contacted and invited back, thevere not keen to have OGTT or CGM; however, they
were happy to attend for a FP®lith the assistance of Professor Richard Ollerton,
Professor of Statistics (Sydney Australia), glycaemic excursion variables to reflect
glucose fluctuations observed in CGidere constructed. These were successfully
applied in Excel 2007 to the raw CGM sensor data. Baseline, Year 1 and Year 3 data
were successfully analysed, with regard to the study parameters and the CGM profiles
for each study subject were separated by ate@ 3 groups based on variability (least
variability, medium variability and most variability). The paired Santlest was then
successfully used to compare differences in two means of the set parameters as the
study progressed with time and the indemamdample Test was successfully used to
compare the means of two independent groups (diabetes and non diatb¥éess)1 and

Year 3, in order to determine any significant difference between them, when tested
against a number of baseline parameters. XN@vas used at baseline to evaluate any
significant difference between the CGM profiles by inspection and the statistically
constructed CGM parameters and baseline parameters were tested successfully for Year
1 and Year 3 outcome, using binary logisticresgion analysis, to see if any of them

affected the outcome or influenced each other.
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In general, the research design worked well and was guided by the objectives in a
stepwise fashion. This contributed to achieving the overall aim of the study, which was
to assess whether CGMS can help identify peoplle abihormal glucose tolerance that
progress tal2DM. In addition to this, this study enabled the PI to have an opportunity
to educate and improve the awareness in study subjects, with regard to T2DM risk
factor modification and prevention. In addition, this study enabled the PI to gain
experience and knowledge in the use of new technologies, currently at the forefront of
diabetes clinical care and research. In this study, the data was not significant and
unfortunately CGM was not able to be used to predict progression from abnormal

glucose tolerare (prediabetes) to T2DM; the Null ypothesis was rejected.

To date, lhere are a number dfigh risk patients in which the use of CGM has
demonstrated beneficiahformation, to diagnose earlylycaemic abnormalities as
described by Solimaet al (2014)(79):

1 Morbid obesity: Studies have demonstrated that atese children and
adolescents, CGNM superior to OGTT and HbALC in detectiearly glycaemic
abnormalitie€l Awwa et al (2012).

1 Polycystic ovary syndrome(PCOS): Tao et al (2009) investigated 20 PCOS
women with NGT ad 20 agematched healthy women with normal
menstruation using OGTT and CGResults demonstrat€dGM diagnosed an
abnormal mode of daily glucose change in the PCOS group, characterized by a

delayed peak of postreakfast plasma glucose level.

1 Cystic fibrosis (CF): A long prediabetic phase of abnormal glucose tolerance
is described in subjects with Cihee childhood. Under certain circumstances,
OGTT screening, used to diagnose-@kated diabetes (CFRD), fails to reveal
early glucose tolerance abnormalities. In this situation, CGM could be a useful
tool for evaluating early abnormalities of glucosestahce in CF patientas
described byschiaffiniet al(2010).

1 Thalassemia major (TM): Both insulin deficiency and resistance are reported
in patiens  w i-thalassdmia majoStudies havelemonstrateé that CGM is a

useful method to detect the varialyiliof glucose fluctuations and offers the
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opportunity for better assessment of glucose homeostasis in TM patasnts
described bysolimanet al (2013)

1 Gestational diabetes (GDM):A study byBuhling et al (2004, demonstrated
that CGM detected morfrequent and longer durations of hyperglycemia in
GDM compared to non diabetic women than the SMBG and women with an

IGT exhibited higher glucose levels than patients with gestational diabetes.

1 Acute coronary syndrome(ACS): Intensive monitoring for hypglycemia is
essential during care for ACS. Radermeckeral (2009) demonstrated that
CGM disclosed early and frequent hyperglycaemia indiabetic patients with
ACS compared toI8BG.

1 After renal transplantation: New onset of diabetes aftdransplantation
(NODAT) and IGT are welknown complications of immunosuppressive
therapy after transplantatipoeing a risk factor for cardiovascular disease
affecting patient and graft survival. Therefore, early identification and treatment
are of highimportance.A study byPastiet al (2013) (80) demonstrated that
CGManal ysis showed that | GT plaklament s |
the incidence of hypoglycemic episodes was significantly lower compared with
patients with normal OGTT result. In IGT patients, glucose variability tended to

be lower.

1 In critically ill and in perioperative, intraoperative and postoperative
periods. Given the demonstrated benefit of euglycemia in critically ill patients
as well aghe risk for hypoglycemia during their management, Pgbex (2006
(81) used CGM in this instance and reported effectjlucose monitoring by
CGM; the sensor performance was$so not affected by body temperature,

ionotrope dose, or bodyall oedema.

In summary, the usef CGM in the diagnosis of early dysglycemia (jhi@betes) in

high risk patientsdescribed abovegppears tde promising and in many occasions
superior to other known agnostic modalities namely OGTdnd measurement of
HbAL1C. Its use in combination ti intermittent glucose monitoring adds to its

accuracy and reliability
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With regard to using CGM as an early detectiest for the masseat high risk of
T2DM, the main disadvantagemnd limiting factors here would be patient factors,
practical issuestechnical issues ancbst. CGM systems are an emerging technology
that allowsfrequent glucose measurements to monitor glucose trends in real ligie.

use as a diagnostic tool is still developibgt thereal benefit of CGMcurrentlylies is

in the field of clinical diabetes managemer€GM is especially beneficial for
individuals who (i) want to reduce their HbAlc target without increasing hypoglycemia
risk; (ii) aid identification of hypeunawareness; (iii) in pregnancy and (iv) in children
and adolescentsat or above their target HbAX82). When this study began in 2009,
there was a paucityf agesearch studies that had used CGM to look at predication of
progression from prdiabetes to T2DM. However, over the years the use of CGM has
become more commonplace and is now used widely in diabetes research and clinical
managemenias described by &id (2013)(79).

In the future, there are many exciting technologies that are being developed in the field
of diabetes; for example, the Smadirgital contact len® that aims to measure blood
glucose levels from teaf83), the Apple IncSmart Watch® thatencompasses a CGM
Application (App)(84) and the IBG &r® Diabetes Management Agf5), but to name

a few. Thee are now glucose monitors thean be worn for longer time periods,
improved sensors (Enlit¢B86) and inserters and advancing pump technology, such as
the Minimed connec{87). Abbot Freestyle Libre CGM88) has ato arrived and with

the aid of sensor augmented pump therapy the loop towards an artificial pancreas is
closing slowly. However, despite the benefits and uses of CGM in a clinical s#iiing,
study was unable to demonstrate &M could predict progression fropre diabetes

to diabetes, which is whaur aim was.
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STUDY PROTOCOL
Continuous subcutaneous glucose monitoring to predict progression
from abnormal glucose toleration to Type 2 diabetes mellitus

PROTOCOL: V3, 7" September, 2011
REC reference number: 09/WSEQ03/31

Aim:

To assessvhether continuous glucose monitoring (CGMS) can help identify people
with abnormal glucose tolerance who progress to Type 2 diabetes mellitus (T2DM)
within 24 months.

Relevance to diabetes and Background information for the project:

Type 2 diabetes mellis (T2DM) is diagnosed when a person is found to laafesting

pl asma gluco®e @7 .r0anmmonl nghblil @lbestieKG €tlall . 1
1998). These consensus threshold values are based on evidence which suggests the risk
of specific complicationsncreases significantly amongst people with plasma glucose
levels consiently above these leve(§&abir MM et al, 2000. However, both fasting

and posfprandial (or random) plasma glucose levels broadly follow a normal
distribution in the general populati and it is also known that increased morbidity
(especially from macrovascular disease) is associated with modesinlevels of
glycaemia(Lim SC et al, 200Q. The categories of impaired fasting glycaeniFG)
(fasting glucose >6.1 mmal/land impairedglucose toleance (IGT (fasting glucose
>7mmol/l and 2 hour posthallenge 7.8.1.1mmol/) are an attept at recognising
these factsIFG and IGT not only define cohorts at increased risk of cardiovascular
disease, but also individuals who may developgmssive deterioration in glucose
homeostais, leading to frank T2DM(Alberti KG et al, 1999. IFG and IGT are
symptomatic, biochemical classifications, which generally come to light during
screening programmes for T2Dfoerger TJet al, 2007). However,many people with

IFG or IGT will not progress to T2DM but appear to sfameous revert to normal
(Riccardi Get al, 1985. Others may progress only very slowly, whereas in some cases
the progression may be ragieerrannini Eet al, 2004).

Although theOGTT has the advantage of being relatively cheap and straightforward to
perform as a basic screening test, it is limited by the fact that it is performed during a
single two hour period, it is a nehysiological stimulus and individuals show
variability in gluase tolerance from day to da.number of therapeutic interventions

will reduce the risk, or at least the pace, of deterioration fromd@d IFG to T2DM
(Knowler WCet al, New Eng J Med 200ZChiasson Jlet al, Lancet 2002(Torgerson

JSet al, 2004). In order to target interventions to prevent progression to those at greatest
risk, we need further information as to which indivals are likely to progres3he
documented rate of progression from IGT and IFG to T2DM varies between different
studies(Rasmussen S& al, 2008 (Shaw JEet al, 1999 (Meigs JBet al, 2003 (Heine

RJ et al, 1996. In general, progression rates are lowest in those that recruittfi®m
general population and highest in thoseh at tang&ktd @aveéoal p s .
abnormalities have been reported to be associated with a greatest risk of progression
including age, BMI, fasting and 2 hour plasma glucose concentrations, elevated fasting
proinsulin, low 2hour insulin and fasting triglyceride levdl8lberti KG et al, 196)
(Rasmussen S& al, 2008.
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Progression to T2DM could be mediated by an increase in insulin resistance, further
impairment of insulin secretion or a mix¢uof both(Jensen CGCet al, 2002 (Abdul-

Ghani MA et al, 2006 (Kapitza Cet al, 2003. As adequate momediity-moment
insulin secretion and action is essential for glycaemic control, one marker of
deteriorating carbohydrate homeostasis would be increased afioctst n blood
glucose levelsWe therefore propose the use of continuous glucose sensing to quantify
the fluctuations.

Continuous subcutaneous glucose monitors (Medtron@ontinuous Glucose
monitoring systemi  CGMS) will measure subcutaneous (interstitial) colse levels
every 10 seconds and then store a smoothed average over 5 minutes, continuously for
up to 3 daywith a single sensdSachendina Nt al, 2003 (GuerciB et al, 2003. The
monitors are externally calibrated by the subject who enters the oédu#t/her home

blood glucose testing (using a standard meter) at letiste$ in each 24hour period.
CGMS are accurate and have proved useful in the monitoring of patients with diabetes,
including thoseon insulin pump therapyFaradji RNet al, 2006. It has also been
suggested they may be of value in identifying eadygplant rejectioifFaradji RNet

al, 2006. They have the advantage of documenting continuous glucose variations
throughout the day, rather than during a short OGTT or discontinuaue Iblood
glucose testing.

Inclusion Criteria:

All people between the ages of-8 who have been referred for an oral glucose
tolerance test and are found, on that test, to have impaired glucose toleramce and/
impaired fasting glycaemia. Gendethnicorigin, nationality, religion, belief or sexual
orientations are irrelevant in the decision to recruit.

Exclusion Criteria:

1. Under the age of 18 yeais view of the increased vulnerability of children, they
will be excluded from this studin addition most people <18 years old will have
Type 1 rather than Type 2 diabetes since the prevalence of Type 2 diabetes in
children is low.

2. Over the age of 80 yearBeople become increasingly frail with age and, although
we do not wish to exclude any group awnitly, a cutoff age of 80 years with
ensure people who are vulnerable due to age and frailty are not put at increased risk.

3. Unable or unwiing to give informed consentWe aim to recruit from as widesa
range of people as possibM/e will explain the esearch in detail but in plain
language and we will provide full patient infoation sheetClearly people who are
unwilling to give informedconsent will not be recruiteth addition, people who do
not have the capacity to give imfed consent will bexcluded.These will include
people with severe cognitive impairment who are unable to retain and assimilate the
information provided.

4. Unable or unwilling to comlg with research requirementshe study requires that
people check their blood glucose levatshome four times a day ugira glucose
meter over 6 dayslhose unwillirg to do this will be excludedn addition, people
will need to wear continuous glucose sensor for 6 days and entédbltaairglucose
results into it.The device is no more comgdited to use than a simple mobile
telephone, but people who are unable to use it correctly, despite full educalion, wi
be excluded from the studixperience from my clinical practice suggests this is a
rare (<5%) problem.

5. Pregnancy.Blood glucose levels are significantly affected by pregnancy and
therefore women who are pregnant or plan to become pregnant during theupllow
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period of the study will be excludedContinuous blood glucose monitoring is
perfectly safe during pregnancgdashould an unforeseen pregnancy occur in one of
the recruited women, they will be excluded from further analysis, but no harm will
have been caused.

6. Intercurrentillne s wi t h pr o g rMbesaimof thisfstudQid to gssessrtre .
value of glucosamonitoring in predictingprogression to diabetes over ay8ar
period.People who are unlikely to be able to attend for follow up appointments over
this perod of time will be excluded from the study.

7. Known previous allergic reactions to adhesive plasters.

Methods

Recruitment

1. People attending for a clinically indicated oral glucose tolerance test (OGTT) at the
University Hospital of Wales, Cardiff (UHW) will be askdo participate in the
study.Eligible candidates will be given a patient informatghreet and consented by
the Principal Investigator (PI)

2. The PI will obtain the results of the OGTT and contact subjects with impaired
fasting glycaemia or impaired glucose tolerance to arrange their attendance at the
Diabetes Centre, UHW (visit 1).

Statistical Advice

This project has been discussed with Professor Newcombe, Cardiff University School
of Medicine and a proposed sample size of 50 subjects with GHGA considered
justifiable. This is based on the assumption that 30% will have been diagnesed a
having definite diabetes by 2 years and that half the remaining subjects, i.@ilB5%
have reverted to normah comparison of those who become diabetic with those who
revert to normal would have a power of 80% to detect a shift of exactly 1 standard
deviation in the mean value for any parameter, such as the peak glucose or AUC, using
a test at the conventional tveoded alpha level.

VISIT 1

1. The PI will check that participants have understood the patient information sheet
and that signed consent hasrbebtained.

2. The PI will document a brief medical history, including family history of diabetes,
risk factors for diabetes and current medication.

3. Participants will be taught home blood glucose monitoring and will be given a
glucose meter and sufficientigi to test at least 4 times a day for the following 6
days.

4. Participants will be fitted with a continuous subcutaneous glucose monitor (CGMS,
Medtronic) andeducated in its us@hey will be given a written reminder of how
the monitor works together with telephone number to call should it become
disconnected or appear to malfunction.

5. 10 ml of blood will be taken from a peripheral vein to check HbAlc, analogous
markers of glycaemic control, adtantibodies and serum lipids

6. Participants will be asked teturn on day 3 for Visit 2.

VISIT 2

1. The PI will check that the participants have recorded at least 4 home blood glucose
levels each day during the previous 3 days and resolve any questions regarding the
use of CGMS.

2. The glucose sensor fitted on Visit 1liMbe replaced with a new sensor.
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3. Participants will be asked to continue to check their home blood glucose levels at
least 4 times a day for the following 3 days.
4. Participants will be asked to return 3 days later for Visit 3.

VISIT 3

1. The PI will checkthat the participants have recorded at least 4 home blood glucose
levels during the previous 3 days and resolve any questions that have arisen out of
the use of the CGMS.

The CGMS sensor and monitor will be removed.

Participants will be reminded that theyll be given an appointment for a repeat

oral glucose tolerance test in 12 months time.

w N

FOLLOW UP OGTT at 12 MONTHS 7 VISIT 4

1. 6-8 weeks prior to the 12 month anniversary of the first OG&Fticipants will be
contacted inviting them to telephone the B3 make an appointment for a repeat
OGTT.

2. Two reminderswill be sent to participantsThose that do not respond will be
presumed to have withdrawn consent.

3. At OGTT, a total of 20 ml of blood will also be taken from a peripheral vein via a
canunlag?2.5 ml blood every 15 minutes, for 120 minutes in total) to check HbAlc,
analogous markers of glycaemic control, aatatibodies and serum lipids.

4. The PI will obtain the results of the -tBonth OGTT and contact thmarticipants
with the resultsThose hat have progressed to a diagnosis of diabetes will have their
follow-up discussed whttheir general practitioners.

5. Proceduresson Visit 1. Repeat CGMtudy and will be givean appointment for
Visit 5.

VISIT 5 and VISIT 6
1. Procedures as Visitand Visit 3

FOLLOW UP AT OGTT at 36 MONTHS 1 VISIT 7

1. 6-8 weeks prior to the 3Bonth anniversary of theecondOGTT, participants will
be contacted in writing, inviting them to telephone the PI to make an appointment
for a repeat OGTT.

2. Two reminderswill be sent to participantsfhose that do not respond will be
presumed to have withdrawn consent.

3. At OGTT, a total of 20 ml of blood will be taken from a peripheral vein via a
canunlae (2.5 ml blood every 15 minutes for 120 minutes in total) to check HbAlc,
analogous markers of glycaemic control, aatatibodies and serum lipids.

4. The Pl wil obtain the results of the 3@onth OGTT and contact thmarticipants
with the resultThose that have progressed to a diagnosis of diabetes will have their
follow-up discussed with their general practitioners.

6. Proceduresson Visit 1. Repeat CGMtudy and will be givemn appointment for
Visit 8.

VISIT 8 and VISIT 9
7. Procedures as Visit 2 and Visit 3
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PATIEMT INFORMATION LEAFLET
I nformation about Research(ETHICS)

STUDY TITLE: Continuous glucose monitoring for the prediction of Type 2

diabetes mellitus

Version 2011/1, 1" September 2011

We would like to invite you téake part in a research studefore you decide you need
to understand why the research is being donendrad it would involve for youPlease
take time to read the following infomtion carefully.Talk to others about the study if
you wish.

Ask us if there is anything that is notal or if you would like more informatiorlake
time to decide whether or not you wish to take part.

What is the purpose of the stud¢

The aim of this study is to find out whether using a device to measure the blood glucose
levels of people continuouslyer several days helps identify those who will go on to
develop Type 2 diabetes.

Why have | been invited?

You have come along today for an oral glsedolerance testhis has been arranged
for you by a doctor because they think you might have diabetgsuomight beat risk

of developing diabetes in the futurhe results of the test today will be sent to the
doctor who arranged iThe test ma show one of three things:

1. The test may be completely normal

2. The test may show you have diabetes

3. The test ma show you do not have diabetes at present, but the blood sugar
level is higherhan a completely normal valué.hi s i's call ed O6in
glycaemiabé or o6éi mpaired glucose tol er:

We are interested in identifig people in the third grouplormally, the results of your
blood tests would be kept confidential and oséen by doctors treating yole are
asking for your consent for our research team to look at your results and contact you
again if they fall into this group of impaired fasting glycaeror impaired glucose
tolerance.

We are asking everyone who has a glucose tolerance test at this hospital to help us with
this research, except children, the very elderly, pregnant women or people who are very
unwell for other reasons.

Do | have to takepart?

It is entirely up to you to decidehether you want to take pake will describe the
study and go through the information sheet, Whie@ will then give youWe will then
ask you to sign a consent form to allow us to look at the results of tbesgltolerance
test that you are having toddf/you do not wish to sign this form or take part, we will
not look at your results or useetin for research purposes$.you do consent to us
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looking at your results, we will contact you again if they suggeatmay be stable

for the research studye will then describe the study again to you and, if you wish to
take part, we will then ask you to sign a second corfsemtto show you have agreed.
You are free to withdraw at any time, without givingeason or explaining yourself.
This would not affect the standard of care you receive.

What will happen to me if | take part?

If you agree to take part, the results of your glucose tolerance test today will be
reviewed bya member of the research tedfmthe test is completely normal, or if it
shows that you have diabetes, the results will be sent to the doctor who arranged your
test, and you will hear nothing further about this resedfgiour glucose tolerance test
shows you have e@rmamziefedrglimpas e etdolf ast i
will be sent to the doctor who arranged your test and, in addition, you will be invited to
participate in the nexdtage of the research proje¥bu can, of course, decide not to

take part at that stage at any time later.

Before you leave the hospital today, you will basked to sign a Consent Fornmrhis
will give us permission to look at the results of your glucose tolerance test and to
contact you again about the research project.

If you do take part, you will be asked to attend the Diabetes Centre at the University
Hospital of Wales where we will teach you how to check your own blood glucose at
home by pricking your finger and placing a spot of blood onto a #ti@kfits into a
small meterThe neter will record the result in its memoryWe will ask you to check
your blood glucose at least 4 times a day for the following 6 days.

You will also be fitted wih a continuous glucose monitdrhis involves us placing a
small piece of plastic (an electrode) jusider the skin in your tummjihere is a sharp
scratch, less painful than a blodést, but no other discomforhis electrode is
connected to a monitor, about half the size of a radt@lephone, which we will ask

you to keep wh you continuously for 3 dayaVe will show you how the monitor
works as you will need to enter the results of your own blood glucose meter results at
least 4 times a day in a written diary. You will be givetel@phone number to call
should the monitor become dislodged whilst you are at h@ime.monitor is designed

to allow you to carry on with your normal work and life whilst it is connected and we
would encourage you to just carry on with your normal aativi

In addition, a total of 20nl of blood will be taken from a peripheral vein to check
HbAlc, analogous markers of glycaemic control, aatetibodies and serum lipids.
After 3 days, we will ask you to return to the Diabetes Centre sovihatin repce the
electrode We will then want to continue using the monitor for another 3 days before
coming back so that we can disconnect it.

People with impaired glucose tolerance or impaired fasting glycaemia are at increased
risk of devédoping diabetes in th&uture. You will be given some general advice as to
how to reduce the risk when you come to the Diabetes Centre and this can be reinforced
by your own General Practitioner who will be informed of your results.

In order to check whether diabetes has dgyad, it is common practice to repeat the
glucose tol erance t e mthe year afterdf necessatbwilb t i m
arrange for this to be done and following these repeat glucose tolerance tests, we will
ask you to use the continuous glucagain for a 6 day period. In addition, a total of 20
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ml of blood will be taken from a peripheral vein via a cannulae (2.5 ml blood every 15
minutes) to check physiological blood markers of diabetes (HbAlc, analogous markers
of glycaemic control, aut@anibodies and serum lipids).

Each visit to the Diabets Centre will take-3 hours.We are unable to compensate you
for your loss of earnings, but we will reimburse the costs of parking at the hospital.

What will | have to do?

You will:

Have to agree thate can look at the results of your glucose tolerance test to help us
decide if you could take part in the monitoring study.

Attend the Diabetes Centre at the University Hospital of Wales for up to 3 hours to be
taught home blood glucose monitoring andénthe continuous glucose sensor fitted.

Check your blood glucose levels at home using goptk device and a meter at least 4
times a day for 6 dayand enter the results int@aper diary.

Wear the continuous glucose monitor at home for 6 days fiieguto the Diabetes
Centre on day 3 to have the electrode changed).

Have a repeat glucose tolerance test and repeat the use of the glucose monitor in 12
mont hs and 24 monthsd ti me.

Have a blood test to check HbAlc, analogous markers of glycaemic caanitcl
antibodies and serum lipids initially, 12 and 24 months later respectively.

What is the device being used?

We will use a continuous glucose mamitmanufactured by MedtronitVe routinely
use this device in people with diabetes, althoughdtisently not used to help predict
people are at risk of developing diabetes in the future.

What are the alternatives?

At the moment, people who are found to have an abnormal glucose tolerance test are
just given general lifestyle advice and have the test repeated everinyesse they
develop diabetesf you decide not to take part in this research, you will be offtrisd
standard followup.

What are the possible disadvantages, siekffects and risks of taking part?

The major disadvantage of taking part is the inconvenience of having to attend the
Diabetes Centre, checking your blood glucose by appok 4 times aday, being
attached to the glucose monitor for 6 days and having a blood test. Very rarely people
are allergic to the plaster we usefio the electrode to the skirf you develop any
itching or redness around the plaster, you ballasked to simply remwe it. There is a

small risk of infection (less than 1 chance in _1000) at ¢hsite of the glucose
monitor. If this were to occur, it would be treated with antibiotics.

What are the possible benefits to take part?

Set against the disadvantages, it maywakeable to learn blood glucose testing since
you will be asked to do this in the fueushould you develop diabet&ome people also

find that the blood glucose results help encourage them to avoid foods that clearly put
their sugar levels up.
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We cannopromise the study will help you personally, but the information we get from
this study will help improve the treatment of people withaabral glucose tolerance
tests.In particular, it may be that the wearing of a continuous glucose monitor will help
us pedict which people are at the greatest risk of developing diabetes and this will
allow us to use intensive lifestyle changes or drugs to reduce the risk.
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CONSENT FORM

Title of Project: Continuous glucose monitoring for the predicion of Type 2

diabetesmellitus

Name of Researcher: Dr John Alcolado

Stage 1 [Consent to look at your results for researcpurposes and contact you

again|

1)

2)

3)

4)

5)

| confirm that | have read and understand the information sheet dated 10 June 2009
(version 2009/2pnd 7 September 2011 (Version 2011/1) for the above skuthue

had the opportunity to consider the information, ask questions aedtiese answered
satisfactorily.

Please initial box

| understand that my participation is voluntary and that | am free to withdraw at any

time without giving any reason, without my medical care or legal rights being affected.

Please initial box

| understand that the relevant sections of my medical notes and data included during the
study, including the results of my oral glucastlerance tests may be looked at by
individuals involved in this research, from regulatory authorities or from the NHS Trust,
where it is relevant to myaking part in this research.give permission for these

individuals to have access to my records.

Please initial box

| agree to my GP being informed of my patrticipation in the study.

Please initial box

| agree to have the result of my glucose tolerance test lookem atdearch.flmy
results are abnormal, | agree to the researchers contacting me about my recruitment into
the study ottontinuous glucose monitoring. | understand that | am free to decide not to

take part in the study at that stage or at any point in the future

Pleasenitial box
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Name of patient Date Signature

Name of person Date Signature
obtaining consent
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GP INFORMATION LETTER (10 ™ June 2009, Version 2009/1)
<GPNAME>

<GP ADDRESS>

<DATE>

Dear Dr <GP NAME>
<PATIENT NAME, PATIENT DOB, PATIENT ADDRESS>

Study Title: Continuous glucose monitoring for the predicton of Type 2 diabetes

mellitus

| am writing to inform you that the patient named above has consented to take part in a
study on continuous glucose monitoring for the prediction of Type 2 diabetes mellitus.
Your patient has recently had a glucose tolerance test performed at this laospiias

found to have either impaired glucose tolerancampaired fasting glycaemia/ou

should have already received the results of this test from the laboratory, but a copy is
enclosed for your information. The aim of the study is to see whetheeshésr of
continuous glucose monitoring will help predict which patients go on to develop Type 2
diabetes meltus. As part of this study, your patient has been taught home blood
glucose monitoring and will wear a continuous glucaosmitor for a period 06 days.

We will arrange afollomup gl ucose tol erance testing |
study does not require the patient to take any trial medication. A copy of the Patient

Information Leaflet is enclosed for your information.

If you require anyurther information, please do not hesitate to contact me.

Yours sincerely
John Alcolado

Clinical Reader in Medicine

Consultant Physician
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APPENDIX 217 CGM PROFILES: LEAST VARIABILITY
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