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Abstract

In clinical use, insulin improves glycaemic control at the cost, typically, of weight gain and
more hypoglycaemia — both being risk factors for cardiovascular (CV) disease mortality. The
issue of the effect of exogenous insulin on CV disease meanwhile has been debated for a long
time. Data on the CV outcomes associated with insulin-treated diabetes in both randomised
trials and observational studies have largely been inconsistent. Thus, a balance of the positives
and the negatives of insulin therapy needs to be taken into account when prescribing insulin in
routine clinical practice, particularly in the context of the progressive nature of diabetes, its
requirement for combination glucose-lowering therapy and the availability of novel glucose
lowering agents. So, in a cohort of only insulin-users in ‘real-world’ condition, this thesis aims

to explore the association between insulin use and CV and metabolic outcomes.

Firstly, a systematic review and meta-analysis of clinical trials that compared only insulin vs
other non-insulin glucose-lowering therapies (GLTs) within the past decade was performed
and the risk of CV events and important metabolic outcomes were compared between both
treatment groups. Then, data from RCTs were compared with ‘real-world’ data (using the UK
Primary Care database — The Health improvement Network (THIN)) in terms of clinical
outcomes between insulin regimens. Thirdly, using THIN database, retrospective cohort
studies were conducted to explore the CV outcomes associated with insulin as regards to the
use of newer GLTSs, concurrent use of other medications, target HbAlc outcome levels and
baseline metabolic profile of insulin-users. Logistic, linear, and Cox regression models; and
propensity-score matching models were fitted to explore these associations. Finally, a
comparative cross-sectional study was conducted to explore clinical outcomes between the
insulin users in a representative UK population database (THIN) vs the local Derbyshire

integrated Diabetes service database.



A meta-analysis of RCTs first provided insight that allayed fears on the CV concerns on insulin
use. It showed no difference in the risk of death and adverse CV events between insulin and
non-insulin GLTs. Although insulin was associated with better glycaemic control, similar
proportions of both insulin and non-insulin users attained their target HbAlc. The increase in
the risks of hypoglycaemia and weight-gain seen in insulin users did not translate to adverse
CV events. Furthermore, although RCTs provide superior evidence from which clinical
guidelines are built, they do not mirror what happens in ‘real-world’. The discrepancies in
glycaemic control (which is lower in real-world) and weight (higher in RCTs) were
highlighted. Thus, caution is needed in the extrapolation of RCT-derived estimates of clinical
outcomes when formulating guidelines for routine clinical practice. Given the observed
discrepancies between weight and HbAlc outcomes between real world and RCT, |
investigated the CV and metabolic effects of insulin therapy in the context of baseline weight
and insulin-induced weight gain. | observed that in a background of obesity, the use of insulin
did not lead to poorer glycaemic control beyond 24 months, instead, patients who were obese
experienced a significant reduction in weight and BMI. In the morbidly obese, the risk of
composite adverse CV outcomes was, however, increased by 30%. Also, insulin-induced
weight-gain was associated with significant reductions in HbAlc and no adverse CV outcomes

and mortality.

When compared with newer GLTs like the glucagon-like peptide receptor agonists (GLP-
1RA), insulin was associated with greater weight-gain and a higher risk of composite CV
events and mortality; but in combination with GLP1-RA, it showed both a decrease in the risk
of CV event and a reduction in weight. In the elderly insulin users with multiple comorbidities
and longer duration of diabetes, extreme HbAlc targets were associated with increased
mortality — representing a U-shaped relationship between mortality and HbAlc targets.

Furthermore, background statin use among insulin users did not worsen glycaemic control in



the long term, but was associated with reduction in composite adverse CV events and mortality
independent of the statin type. Finally, the Derby model of integrated diabetes service appeared
to confer better clinical outcomes compared with the UK population in terms of the
achievement of the combined National Institute for Health and Care Excellence (NICE) targets

of HbAlc (<7.5%), blood pressure (<140/80) and total cholesterol (<4mmol/L).

This research highlights the important central role insulin plays in the management of T2D;
and adds to the growing evidence on its safety and benefits among the high risk groups — the
elderly, obese and those with longer duration of diabetes. It also highlights the benefits of the
combination of insulin with newer novel GLTs; and concomitant use of other medications
which modify CV risk factors. Above all, it recommends individualised treatment approach
with full consideration of individual’s metabolic profile and other social factors. Further trials
focusing on insulin therapy combinations with newer GLTs will be invaluable in providing

more water-tight evidence in insulin use.
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Chapter 1: Introduction and Review of Literature

Chapter One: Introduction and Literature Review

1.1. Background of Diabetes Mellitus

1.1.1. Diabetes Mellitus

Diabetes mellitus is a group of chronic metabolic disorders characterised by persistent
hyperglycaemia due to inefficient or defective insulin secretion and/or action.' It is associated
with a wide range of symptoms and long-term complications.> 2 There are two basic types—
Type 1 and 2 which are caused by total lack of insulin secretion as a result of autoimmune
destruction of the beta-cells of the pancreas,™ # or decreased insulin production and insulin
resistance respectively.>Z Other forms of diabetes include gestational diabetes (GDM) and
Maturity Onset Diabetes of the Young (MODY), and intermediate groups — Impaired Glucose
Tolerance (IGT) and Impaired Fasting Glucose (IFG) — which are the borderline disorders of
impaired glucose metabolism between diabetes and normal glucose level. About 70% of people

in this group go on to develop diabetes.> 29

The burden of type 2 diabetes (T2DM) is defined by its rising prevalence, direct and indirect
economic cost, debilitating complications and mortality. These have grave consequences in
any society.

Prevalence: T2DM has become a global pandemic — one of the most challenging health
problems of the 21% century®. Its prevalence increases globally and is projected to double in
the next one-and-half decades.1%12 The recent global prevalence estimate of diabetes is 8.3%
(from 6.4% in 2010).”  This is approximately 382 million and is predicted to rise to 592
million in 2035. The International Diabetes Federation (IDF) recent reports put China, India

and the United States as the top three countries with the highest number of people with
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T2DM (98.4, 65.1 and 24.4 million respectively) in 2013.4 Though the prevalence is rising

globally, it varies between the different WHO regions as shown in Figure 1.1 below:

Europe 68.9
56.3

North America/Caribbean

e 201.8
West Pacific
o 138.2

South/Central America
241
South East Asia 123
721
Middle East

Africa

250

o
g
8
g
g

m 2035 (millions) ™ 2013 [millions)

Figure 1.1. Global Prevalence of Diabetes (WHO Regions). Source of Data (WHO)4

In Europe, Germany has the highest prevalence of 8.9%, followed by Spain (8.1%), and France
(8.1%), with UK coming a fourth (6.1%).22 With six percent of UK citizens (totalling 3.2
million people) affected (Table 1.1); further half a million unaware of their diagnosis; 700
diagnoses made daily; and an additional 9.6 million at high risk of T2DM, it is projected that

more than 5 million UK citizens will be affected by diabetes in the next decade.5 7 16

Table 1.1: Prevalence of Diabetes in the United Kingdom.Z

Country Prevalence Population
England 9.0% 3,8,000
Northern Ireland 5.3% 79,072
Scotland 5.2% 252,599
Wales 6.7% 173,299
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Economic Burden: T2DM places huge direct and indirect cost burden on both sufferers and
the economy at large. In the UK, this cost is currently estimated to be £23.7 billion and is
projected to rise in 2035 to £39.8 billion.® 7 1618 Of the £10 billion NHS budget for diabetes,
the direct costs attributable to type 1 and type2 diabetes are £1 and £8.8 billion respectively.
80% (£7.7 billion) and 20% (£2.1b) of this are spent on the complications of diabetes and on
treatment respectively. More than half (E4b) of the cost on complications is spent on

cardiovascular diseases.t®

Complications: The natural history of T2DM is dotted by various complications which affect
almost every organ in the body. This places huge economic and social burden on the sufferers
and the society at large. Complications arising from T2DM rank as the fourth leading cause of
mortality in developed nations* 1° These life-threatening and disabling complications could be

micro- or macrovascular.

Macrovascular complications include ischaemic heart disease— myocardial infarction and
angina, cerebrovascular disease (stroke) and peripheral vascular disease which may lead to
diabetic foot ulcers and amputation. People with T2DM have a two-fold risk of cardiovascular
diseases (CVD)2-24 and stroke?* 2° which remain a major cause of mortality and disability in
diabetes?l. Diabetic nephropathy — a chronic complication of T2DM — is the single highest
contributor of renal failure (End Stage Renal Disease (ESRD)) in UK.% 27 while the risk of

amputation is 30 times greater in people with type 2 diabetes.2

Microvascular complications include diabetic nephropathy which often leads to
microalbuminuria, chronic renal diseases and later to end-stage renal failure. On the other hand,
diabetic retinopathy leads to blindness while neuropathy — peripheral and autonomic— affects
almost half of all people with diabetes,?® *° and presents a plethora of debilitating symptoms as

erectile dysfunction and diffuse progressive neuropathy, diabetic foot ulcer and a 24%
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increased risk of sudden cardiac death.22 Similarly, the risks of pancreatic, liver and
endometrial cancers were seen to be doubled in people with T2D, with a 20 to 50% increased

risk of colorectal, bladder, breast cancer and Non-Hodgkin’s lymphoma. !9 2730

Mortality: In 2013, diabetes accounted for 5.1 million global deaths, implying a single death
every six seconds?. It is also responsible for 8.4% of all-cause mortality within the 20-79 age
bracket, leading to a huge loss to the workforce population?. In the UK, people with T2DM are

37.5% more likely to die earlier than non-diabetics of similar age-groups.22

1.1.2. Management:

Diagnostic Criteria (The role of plasma glucose and HbALc): Plasma glucose level is an
independent predictor of CV risk.22 The World Health Organisation (WHO) Expert Committee
on the Diagnosis and Classification of Diabetes Mellitus emphasized the importance of
associating glucose levels with long-term complications and recommended that glycated
haemoglobin (HbAlc or Alc) should be the basic standard diagnostic measure of diabetes
(Table 2).1 %34 This is because the measurement of glycated HbA1c in people with diabetes
helps to predict the probability of the occurrence of CVD. Furthermore, a study which explored
the relationship between indicators of diabetes as glucose variability, hyperglycaemia, post-
prandial blood glucose and HbAlc and CVD risk factors such as BP, lipids and C-reactive
protein (CRP) in people with types 1 and 2 diabetes showed that HbAlc and mean blood

glucose have the strongest associations with CVD risk.3

The pattern of this association was further well defined by the findings of three observational
studies. Firstly, a registry-based study showed a significant reduction in the risk of CVD (M,
CHD and total mortality) in patients with T2DM who had a tightly controlled HbAlc of 6.5%

and BP of 130/80mmHg. Then, another observational study showed a progressive increase in
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the risk of these outcomes with increasingly higher HbAZ1c levels;3 while Currie et al, using a

UK longitudinal database, showed a U-shaped association between HbA1c and mortality.’

As long-term hyperglycaemia is known to be highly predictive of diabetic complications
excluding neuropathy, the establishment of specific HbAlc targets in the management of
diabetes could help to prevent or delay the development of long-term complications.284 So,
unlike Fasting Plasma Glucose (FPG) which is a single measure of glucose level, HbAlc
measures can show 2- to 3-month average plasma glucose level. In light of this, the steering
committee set up by the National Glycohemoglobin Standardisation Program (NGSP)
recommended an HbAlc cut off of 6.5% for the diagnosis of diabetes. Additionally, the UK
consensus and the ADA statements went on to define those with an HbAlc of 6-6.4% and 5.7-
6.4% respectively as the “pre-diabetes” group.? *! In order to reduce the risk of CVD in the
management of T2DM, they have recommended a treatment target of HbA1c levels below 7%
(53mmol/mol).*> 4 This is because this level has been validated to be effective for the

prevention of microvascular though still debatable for macrovascular events.

In addition to the use of HbAlc, WHO also recommended FPG and 2-hour after75g of oral
glucose load (OGTT) as basic standard diagnostic measures of diabetes.'® ® 3% These are
further elucidated in Table 1.2 below. Using these criteria, a diagnosis of diabetes can be made
with two readings of FPG > 7.0 mmol/L, a 2-hour OGTT > 11.1 mmol/L and random blood

glucose of > 11.1 mmol/L.
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Table 1.2: WHO and ADA diagnostic Criteria for Diabetes and other Disorders of
Glucose Metabolismi=2

. Plasma Capillary Whole Blood
Fasting Blood Glucose (mmol/L)

Normal <6.1 <56 <56

Impaired Fasting Glucose (IFG) 6.1-6.9 56-6.0 56-6.0
Diabetes >17.0 >6.1 > 6.1

2-hour Blood Glucose (mmol/L)
Normal <7.8 <7.8 <6.7
Impaired Fasting Glucose (IFG) 7.8-110 7.8-11.0 6.7-9.9
Diabetes >11.1 >11.1 >11.1

It is worthy to point out that there are debates on the appropriateness and reliability of the use
of HbAlc over fasting plasma in diagnosing T2DM because it is reported to be less sensitive.
Despite the fact that HbAlc is precisely measured as plasma glucose in some laboratories, there
remains an unmet need for uniform international standardised measures of glucose irrespective
of the method used. In response to this, the International Federation of Clinical Chemists
(IFCC) working group recommended a reference method procedure for HbAlc, measured in

mmol/mol.

In this thesis, HbAlc will be used as the measure of glucose control. This will be measured in
percentage (%) with the mmol/mol equivalence in parenthesis. Therefore, a diagnostic
benchmark of 6.5% as recommended by the NGSP will be equivalent to 47.5mmol/mol or a

fasting blood glucose level of 7.8mmol/L (140mg/L).

Therapeutic Management: The main therapeutic goal in the management of T2DM s
improve glycaemic and other metabolic control (e.g. BP and lipids). This is important because
optimal glucose control has been shown to be associated with reduced adverse micro- and
macrovascular outcomes.* With the rapid proliferation of many therapeutic agents used in the

management of diabetes; the safety issues around them; and debates and at times, controversies,
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on the appropriate treatment choices and therapeutic goals in terms of glucose control level,
and other comorbidities in people with T2DM; it becomes imperative to adopt a consensus

approach in the management of T2DM bearing these in mind.

In response to this, most T2DM treatment guidelines advocate a gradual step-ladder increase
in therapy (Figure 1.2). This starts with lifestyle modifications (good nutrition, weight loss, and
exercise). Metformin (MET) is recommended as a first-line monotherapy after the failure of
lifestyle modification. When optimal glucose control is not attained with MET alone,
sulphonylurea (SU), where indicated and appropriate, may be added to MET. However, it must
be noted that this guideline becomes complex at this point with the gradual addition of other
oral glucose-lowering medications including insulin,** % because there is no conclusive

evidence on the specific drug of choice for treatment intensification after MET 4648

In summary, Figure 1.2 is a pictorial representation of the ADA/EASD recent algorithm for
management of T2DM while Table 1.3 summarises important Glucose-Lowering Therapies
(GLTs) used in the management of T2DM with their mechanisms of action, effects on HbAlc

levels, benefits and associated risks.



Chapter 1: Introduction and Review of Literature

Lifestyle modification, diets and weight reduction and diabetes education

Metformin (MET) Monotherapy
v
+SU + DPP4i +SGLT2 + GLP-1RA - Dual Therapy
\
—1 +
—| orSGLT2 H F— > Triple Therapy
or 1
— or GLP-1RA |
| orINS u J
v
Basal Insulin + + GLP-1RA - 5 Combination injectable

therapy

NB: GLP-1RA: Glucagon-like Peptide 1 receptor agonist; SGLT2: Sodium-glucose co-transporter 2; DPP-4i (Dipeptidyl peptidase- 4) Inhibitors; TZD:
Thiazolidinedione;

Figure 1.2: Algorithm of antidiabetic escalation therapy in T2DM management. Adapted from Inzucchi et al (2015)
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1.2. Glucose-lowering Therapies (GLTs) and association with Cardiovascular Risk

Factors

Glucose-lowering therapies (GLTs) were primarily developed to lower glucose levels. This
reduction in blood glucose levels has been shown to be associated with reduced incidence
and/or progression of many microvascular complications of diabetes as retinopathy,
nephropathy.?> 4° The management of T2D is aimed at optimising glycaemic control to deliver

best treatment outcomes especially cardiovascular outcomes.

Unlike with microvascular complications, the association between this reduction in blood
glucose and reduced macrovascular complications remains unclear. With the lack of evidence
on CV reduction from RCTs (e.g. UKPDS and ACCORD etc.), observational studies have
demonstrated a link between glycaemic control and CV risks in people with T2DM. For
example, two Swedish registry-based observational studies - one among people with T2DM
with tightly-controlled HbAlc (6.5%) and blood pressure (130/80mmHg) showed a
significantly reduced risk of CVD, MI, stroke and coronary heart disease (CHD) compared to
those without tight control after a 6-year follow-up period;> but the other study in a similar

population, reported increasing CV risks in those with higher HbA1c levels.%

In spite of these, there remains concerns that adverse effects of some GLTs may reverse or
counterbalance any CV benefit derived by their ability to lower blood glucose. CVD remains
a major complication of T2DM and a contributor (about 65%) to deaths in people with
T2DM.2L As the main thrust of this thesis, a brief review of the effects of common GLTs on
these CV risk factors and the intermediate markers of CV disease as blood pressure, weight,

and lipid profile® is presented below and summarised in Table 1.3.
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Blood Pressure (BP): The treatment of hypertension in people with T2DM is proven to reduce
the risk of adverse CV events, microvascular complications and mortality.2® This is because
hypertension is a strong predictor of adverse CV events in T2DM. A meta-analysis of 45 trials
in both diabetic and non-diabetic populations showed that 10mmHg reduction in SBP was
associated with significant reductions in both micro- and macrovascular complications and all-
cause mortality.® This was in concordance with the clear benefits reported in the SPRINT
study in 9,361 non-diabetic population although this study was discontinued early due to the
clear clinical benefits it showed.2* In the BP sub-study (among 4,733 participants) in the Action
to Control Cardiovascular Risk in Diabetes (ACCORD) trial, participants were allocated to
intensive (<120 mmHg) vs. standard (<140mmHg) SBP targets, and the events and risk of
MACE were similar between both groups, though a slight reduction was reported in the

intensive group for the risk of stroke.®

Furthermore, in the PROactive (Prospective Pioglitazone Clinical Trial in Macrovascular
Events) trial where 5,238 patients were randomised to pioglitazone or placebo in addition to
their baseline GLTs, TZDs were shown to have a neutral to favourable effect on BP, with a
significant reduction of 3mmHg in systolic BP.2® This trend was replicated in a post-hoc
analysis of this trial.>Z However, these findings were slightly different in the RECORD trial
which had 4,447 participants who were randomised to rosiglitazone vs. MET+SU. The

rosiglitazone group had a non-significant 1.5mmHg decrease in BP.%8

Novel GLTs as GLP-1RA, DPP-4 inhibitors and SGLT-2 inhibitors have shown variable but
favourable effects on BP. In two meta-analyses — one involving 16 trials®® and the other 33
trials®® — liraglutide lowered systolic BP by 5.6mmHg, and exenatide by 5.2mmHg in the first,
while in the second, GLP-1RA was associated with a 2.2.mmHg reduction in systolic BP.

These, however, were independent of the BP at baseline, change in weight from baseline and

10
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baseline HbAlc. Similarly, SGLT-2 inhibitors consistently demonstrated significant reductions
of 3.8 and 4.5mmHg compared to placebo in meta-analyses of 21 trials®® and 16 trials,®2 while
DPP4 inhibitors (sitagliptin) were associated with a non-significant reduction of in BP in two

cross-over trials with glyburide.®® 5

Lipid Profile: Although there are concerns about the interplay between T2DM, abnormal lipid
metabolism and the use lipid-lowering agents (LLTs) in the management of T2DM;% the use
of statins to lower cholesterol has been demonstrated to be associated with a significant
reduction in adverse CV events. In the Cholesterol Treatment Trialists’ (CTT) Collaborators
meta-analysis of 26 RCTs of statin therapy, a reduction of 1 mmol/mol in low-density
lipoprotein (LDL) was shown to be associated with a 20% reduced risk of MACE (RR 0-80,
99% CI 0-74-0-87; p<0-0001) and a 10% reduction (RR 0-90, 95% CI 0-87-0-93; p<0-0001)

in all-cause mortality in a dose-response manner.

Another evidence from a meta-analysis of trials revealed that the use of DPP-4 inhibitors,
compared with placebo, were associated with a reduction of 7mg/dL in total cholesterol,
17.1mg/dL in triglycerides (TG) but no change in HDL..? Similarly, two trials involving
exenatide and liraglutide showed a similar significant trend in reductions in LDL, TG and with
an increase in HDL,% % while SLGT-2i trials conversely showed modest increases in TC,

LDL, and HDL with a decrease in TG.” "

Weight: Obesity is a known risk factor for T2DM and early treatment in this subgroup of
patients is primarily aimed at lifestyle modification and weight loss. In spite of this,
antidiabetic-induced weight gain presents a paradox in the management of T2DM. As shown

in Table 1.3, different GLTs have different effects on weight — increase, loss or neutrality.

Metformin and DPP-4i have been shown to be weight-neutral. 1704 overweight and obese
newly diagnosed T2D patients who were randomised to metformin in the intensive control arm

11
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of the United Kingdom Prospective Diabetes Study (UKPDS) trial”2 had no change in weight
from baseline at the end of the study. These findings were replicated in the Diabetes Prevention
Program (DPP) Research Group”® after 2.8 years of follow up of people with impaired fasting
glucose who were randomised to metformin or lifestyle intervention or usual care. When
compared to GLP-1RA in a review of 25 trials, sitagliptin and vildagliptin showed non-
significant change in weight; but when compared to placebo, showed a significant reduction in

weight.

Conversely, insulin, through its action as an anabolic hormone, has consistently been shown in
both RCTs and observational studies to be associated with weight-gain, especially in insulin-
naive patients. The UKPDS study showed that in a dose-dependent fashion, insulin can add
8kg in this patient-group.” Also, through its indirect effect of promoting insulin secretion,
sulphonylurea is associated with weight gain of up to 5kg. Other GLTSs associated with weight
gain are TZDs and Meglitinides. TZDs have been shown to be associated with up 4kg weight
gain in RCTs and this is thought to be mediated through its fluid retention ability and increased
visceral fatness.”® Finally, GLP-1RA and SGLT2 inhibitors are associated with weight loss.
Through its ability to mediate and suppress food intake, GLP-1RA, in a meta-analysis of 25
trials was shown in a review of 25 trials to be associated with a 2.8kg reduction (95%Cl: -3.4
to -2.3kg) in weight compared to its comparator groups.” This ability was independent of the
GLP-1RA judging by the findings of a mixed treatment comparison and meta-analysis of 27

trials involving obese people with T2DM.28
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Table 1.3: Summary of Glucose-Lowering Therapies (GLTs) and Estimates of their Effects on HbAlc levels and Cardiovascular Risk
Factors. Adapted from Nathan et al (2009),%4 Inzucchi et al (2015)2and Alvarez et al (2015)32

Expected
Intervention Mechanism of action ~ HbAlc - . Weight  BP? Lipid Advantages Associated Risks
change profile
(%)
Step 1: Initial
therapy - Reduce weight - Natural - Inability to sustain
- Increase activity 1.0-20 W I } l - No known side- glycaemic control in
Lifestyle modification - Quit smoking/alcohol effect many after one year
- Decreases hepatic - Weight stability - Gl side effects
glucose output or moderate weight - Contraindicated in
Metformin - Increases insulin |LDL loss renal problems
sensitivity and lowers - No hypos - Lactic acidosis (in the
fasting glycaemia®* & LY o2l H < < <HDL |Cardiac events presence of renal failure
Trigly® )
| Trigly and hypovolaemia).
- CKD, Hypoxia
Step 2: Additional
Therapy
Insulin
e Rapid-acting —LDL
analogues (Lispro, - Carbohydrate L > ! TMHDL - Rapidly effective - Requires monitoring
Aspart, Glulisine)  metabolism L Trigly _ Emergency - Risks of
e Short-acting treatment of hypoglycaemia
(Human Regular) - Uptake and storage of hyperglycaemia - Weight gain
glucose by the liverand  1.5-3.5 - High cost

skeletal muscles

- ?Mitogenic effects
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e Intermediate-
acting (Human
NPH)

e Basal insulin
analogues
(Glargine,
Determir,
degludec)

o Premix

- Activates insulin
receptors

- Improved lipid
profile
- Reduction in

microvascular risks

- Patients’ reluctance
and concerns

Sulphonylureas

e Chlorpropamide
e Glibenclamide o \LDL Rapidly effective - Weight gain _
e Gliclazide - Enhance insulin Ll o - SLDL |Microvascular - Hypoglycaemia
e  Glimepiride secretion 1.0-20 | Trigl risk - Blunting of myocardial
e Glipizide =y iSChaefg_i(E _
; preconditioning

° Glyburide _ Low durability
Thiazolidinediones TLDL - Improves insulin - Fluid retention, CHF
e Pioglitazone THDL  sensitivity - Weight gain, bone
e Rosiglitazone - Reduces peripheral 05-14 L o T - Improves lipid fractures

insulin resistance Trigly  profile - Risk of bladder cancer

- 7Insulin sensitivity T(Rosi) - No hypos - Mrisk of MI

l(Pio) - tDurability
- 7)CVD events
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GLP-1RAC agonists

- Bind and activate

- Prevent weight

- Gl side effects

e Exenatide glucagon-like peptide gain or promote - High cost
e Liraglutide (GLP-1RA) receptors to LDL loss - Long-term safety not
e Lixisenatide e Suppress glucagon ! - No hypos established yet
. —HDL ..
e Dulaglutide secretion, 05-1.0 1 i | Trigl - Reduce some - ?Acute pancreatitis
e Albiglutide e Increase insulin &Y cardiovascular risks - Difficulty injecting it
secretion and - Reduce
e Slow gastric postprandial
emptyingg® glucose excursions
SGLT2¢ inhibitors - Reduce body - Genitourinary
e Canagliflozin - Reversibly inhibit weight infections
e Dapagliflozin SGLT2 in the proximal 0.7 — 1.3& - Lowers Systolic - Polyuria
e Empagliflozin convoluted tubules of fLDL  blood pressure - Volume depletion,
the nephrons causing... ! ! THDL - No hypos hypotension and
e Decrease in glucose —Trigly - Effective atall dizziness
absorption stages of T2DM - Transient 1 in
e Increase in urinary creatinine
glucose excretion&
DPP-4 Inhibitors® - Inhibits DPP-4 activity
e Linagliptin - Tpostprandial active - Weight neutral - Can interfere with
e Saxagliptin incretin «~LDL - No hypos immune function
e Sitagliptin - Insulin secretion 06-0.9 ! > <—HDL - Well tolerated - Increased upper
e Vildagliptin - | production of | Trigly respiratory infection
e Alogliptin glucagon - Angioedema/urticaria
e | rate of digestion - No hypos - Increased intestinal gas
a-Glucosidase of polysaccharides - | post-prandial production
Inhibitors e Inhibits intestinal o- 0.5—0.8 glucose - Gl symptoms
e Acarbose Glucosidase H = = - |CVD events - Frequent dosing
e Miglitol e Lowers post- - Non-systemic schedule

prandial glucose
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- Weight loss - Gl side effects
Amylin mimetics Synthetic analogue of |LDL (approx. 1- 1.5kg - Hypoglycaemia
e Pramlintide amylin (p-cell 0.5-0.7 —HDL  over 6 months) - Frequent dosing
hormone). Similar H H |Trigly - Decreases post - Difficulty injecting it
actions to GLP-1RA prandial glucose - Reluctance by patients
excursion
Meglitinides - |postprandial - Hypoglycaemia
(glinides) - Closes K-channels glucose excursion - Tweight
e Repaglinide - Tinsulin secretions unknown i " — - Flexibility in - Frequent dosing
e Nateglinide dosing schedule

2BP: Blood Pressure. ? Tgly: Triglyceride. °GLP-1RA: Glucagon-like Peptide 1 agonist. ¢SGLT2: Sodium-glucose co-transporter 2. °DPP-4i: Dipeptidyl peptidase- 4 Inhibitors
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1.3. Insulin and Cardiovascular Outcomes

This section addresses the recent evidences involving the association between insulin use and
major cardiovascular events. This includes, but not limited to, non-fatal Ml, stroke, CV-deaths,
hospitalisations for heart failure, etc. The first part looks at recent cardiovascular outcome trials
which compared insulin to other treatment regimens or placebo; while the second part explores
the recent evidences from observational studies (real-world studies) using routine clinical

practice database.

Background

The therapeutic management of diabetes may on its own increase the risk of CV risk markers.
This untoward effect could be due to the direct or indirect actions of the drug itself — direct
through its pharmacological actions leading to side effects (e.g. hypoglycaemia), or indirect
through some metabolic changes in the patient e.g. weight-gain, increased BP, etc. It is also
known that these risks may not have been anticipated or immediately noticed during clinical
trials due to many factors that range from the choice of trial participants to trial duration.8
However, post hoc analyses of clinical trials, post-market surveys and evidence from
observational studies using data from routine clinical practice have raised concerns about the

CV safety of some drugs used in the management of diabetes.

Alvarez et al described insulin as the “the most potent anti-hyperglycaemic agent clinically
available” .22 As the incidence and prevalence of T2DM rise globally; alongside increasing life
expectancy which leads to longer duration of chronic diseases; rise in the population of the
elderly; and rapid advancements in the management of diabetes; the use of insulin in the
management of T2DM has continued to increase over the past 2 decades with over 30% of
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people with T2DM currently on it.22 Insulin improves glycaemic control with weight gain and
incidence of hypoglycaemia as its main side effects. These are well-known risk factors for CV
diseases.8 So, as the use of insulin in the management of diabetes rises, data on the CV
outcomes associated with insulin-treated diabetes have largely been inconsistent. Emerging
evidences from observational studies have raised concerns about its CV safety in terms of
increased mortality and morbidity in insulin users, compared to non-users.®” & Additionally,

this risk rises in a dose-dependent fashion.8¢

In view of the controversial publication on the adverse cardiovascular events induced by
rosiglitazone,®’ the American Food and Drug Administration and Control (FDA) in 2008
mandated that, before approval of any new antidiabetic therapy, CVOTSs should be carried on
all GLTs in order to demonstrate their CV benefits or risks.2® However, it can be argued that
insulin therapy has up until recently not been exposed to the intense cardiovascular safety

scrutiny, as has been imposed on a variety of novel glucose lowering therapies.

Below, is a brief summary of the outcomes of some major CV outcome studies which involved
insulin therapy and explored major CV events and/or all-cause mortality in T2DM in the past
20 years. First, clinical trials were presented chronologically arranged according to their years
of publication, followed by observational studies using routine clinical databases. Importantly,
with the exception of DEVOTE, and to some extent ORIGIN, none of the other studies below
has compared the cardiovascular outcomes of a specific (only) insulin therapy, compared with

another.
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1.3.1. Evidence from Cardiovascular Outcome Trials (CVOTSs) Involving Insulin

a. The UK Prospective Diabetes Study (UKPDS)22 - 1998

The United Kingdom Prospective Diabetes Study (UKPDS) was the first clinical trial to investigate
CV outcomes in glucose-lowering therapies. In this trial, newly diagnosed participants with
type 2 diabetes were randomised to intensive glucose control (insulin or sulphonylurea) vs
standard care (diet +/- drugs if FPG > 15mmol/L). The enrolled 3867 participants were
followed up period of 10 years. There was a 12% (RR: 0.88; 95%CI: 0.79 to 0.99) reduction in
the risk of any diabetes-related outcome; and a 25% (RR: 0.75; 95%CI: 0.60 to 0.93) reduction
in the risk of microvascular event in the intensive glucose control arm. However, the risk of
macrovascular events (non-fatal Ml — RR=0.79 (95%CI: 0.58-1.09) and non-fatal stroke —
RR=1.07 (95%CI: 0.68-1.69)); diabetes-related death (RR=0.90; 95%CI: 0.73-1.11) and all-
cause mortality (RR=0.94 95%CI: 0.80-1.10) were non-significant. Surprisingly, in a post hoc
analysis (after a follow-up duration of 16.8years), a 15% reduction in the risk of MI (p = 0.01)

was observed in the intensive arm.

The result of the UKPDS encouraged the use of intensive glucose therapy in routine clinical
practice and opened a channel for further clinical trials which aimed to explore the CV

outcomes of intensive glucose control.

b. The DIGAMI Trials — 19958 and 20052¢

The Diabetes Mellitus Insulin Glucose Infusion in Acute Myocardial Infarction (DIGAMI)
trials 1 and 2 aimed to test if the use of insulin glucose infusion to rapidly improve metabolic
control post MI can decrease the high mortality rate in people with diabetes. Whilst DIGAMI
1 simply compared the risk of all-cause mortality in 620 patients who were randomised to
insulin infusion followed by multi-dose insulin regimen (306) vs conventional therapy (314);

DIGAMI 2, on the other hand, compared this same risk in 1253 who were randomised to 24-
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hour insulin-glucose infusion + insulin (group 1, n = 474) vs insulin-glucose infusion +
standard glycaemic control (group 2, n = 473) vs. local diabetes management protocol (group

3, n = 306).

In DIGAMI 1, intensive insulin infusion was associated with a 28% significant reduction in
all-cause mortality compared to the conventional group (18.6% vs 26%; aHR: 0.72, 95%ClI:
0.55-0.92). Later, a 20-year post follow-up confirmed the long-lasting effect of insulin-based
glucose control on longevity. The median survival times were 7.0 vs 4.1years in intensive
glucose control vs conventional groups respectively, with a 17% reduction in all-cause
mortality compared to the conventional group (89% vs 91%, aHR: 0.83, 95%CI: 0.70-0.98).2*
Conversely, after a median follow-up period of 2.1 years, DIGAMI 2 trail failed to show any
benefit in survival following the long-term use of insulin therapy after M1. Compared to group
1, the risk of all-cause death was non-significantly increased by 3% in group 1 (aHR: 1.03,

95%Cl: 0.79-1.34) and 23% in group 2 (aHR: 1.23, 95%CI: 0.89-1.69).

c. The ACCORD Trial®2 - 2008

The Action to Control CardiOvascular Risk in Diabetes trial involved 10,251 participants with
T2DM and either CVD or CV risks. They were randomised to intensive therapy or standard
care using different GLTs at the discretion of the physician. The baseline HbAlc was 8.3% in
both arms. Only 34.9% of the participants were on insulin, while 35.2% had a history of CVD
prior to the trial. The target HbAlc levels were <6.0% and 7-7.9% in the intensive and standard
care arms respectively while the primary outcome was a 3-point composite of CV events of
non-fatal MI or stroke and CV death. Unfortunately, the ACCORD trial was prematurely
terminated after a follow-up period of 3.5years due to excess mortality in the intensive arm of
the trial (CV mortality: HR: 1.35; 95%CI: 1.04 — 1.76) and all-cause mortality: HR: 1.22;

95%CI: 1.01 — 1.46). However, in spite of the recorded excess mortality, the risk of the 3-point

20



Chapter 1: Introduction and Review of Literature

composite outcome was non-significantly reduced (HR: 0.90; 95%CI: 0.78 - 1.04). It was also
noted that the risks of hypoglycaemia and weight gain (in excess of 10kg) were higher in the

intensive arm (p < 0.001 for both).

These were believed to have driven the high mortality recorded in this trial but a post hoc
analysis which explored the association between hypoglycaemia and increased mortality
showed that hypoglycaemia was associated with excess mortality in both arms and in people
who had just a single episode of severe hypoglycaemia, the risk of deaths was lower in the
intensive arm.23 In conclusion, this implied that hypoglycaemia may not have accounted for
the excess mortality recorded. To explore the possible likely reasons, another post hoc analysis
among all the trial participants showed that those with baseline HbA1c levels greater than 8.5%
had a 65% increased risk of deaths. Coincidentally, these participants were found to be in the
intensive therapy arm and did not have an improved HbA1c levels (HbAlc < 7%) throughout
the trial. Also, unlike in the standard care arm, 1% increase in HbAlc in the intensive therapy
arm was associated with a 66% greater risk of mortality thereby suggesting that factors which
are associated with the persistence of high HbAlc may have driven the excess mortality seen

in this arm.24

d. The ADVANCE Trial® - 2008

The Action in Diabetes and VAscular Disease-Preterac and DiamicroN Modified Release
Controlled Evaluation (ADVANCE) trial involved 11,140 participants with T2DM and any
macro or macrovascular disease or CV risk factors. In this trial, the participants were
randomised to intensive therapy (Gliclazide + any other GLT as deemed fit by the physician)
aimed at a target HbAlc <6.5% (48mmol/mol) vs standard care (any treatment as deemed fit

by the physician, other than gliclazide) with a target HbAlc defined by local guidelines. It is
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worthy to note that a very small proportion (1.4%) of these participants was on insulin therapy,
while 32.2% had a history of macrovascular disease prior to the trial. Baseline HbAlc was

7.5% while the study outcome was a composite of micro- and macrovascular events.

Following 5 years of follow up, the outcomes were compared between the 2 groups. Whilst
HbA1c was significantly lower in the intensive arm compared to the standard arm (6.5% vs
7.3%; p <0.05), there were significant 10% and 14% reductions in the risks of the composite
outcome and microvascular diseases in the intensive arm compared to the standard care arm
(HR: 0.90; 95%CIl: 0.82 — 1.06 and HR: 0.86; 95%CI: 0.77 — 0.97 respectively). Conversely,
there were no significant reductions in the risks of macrovascular events (HR: 0.94; 95%CI:
0.84 — 1.06); non-fatal MI (HR: 0.98; 95%CI. 0.78 — 1.23); all-cause mortality (HR: 0.93;
95%CI: 0.83 — 1.06) and CV deaths (HR: 0.88; 95%CI: 0.74 — 1.04) but the risk of stroke was
non-significantly increased by 2% in the intensive arm compared to the standard arm (HR:1.02;

95%Cl: 0.85 — 1.24).

e. The VADT Trial2 - 2009

The Veterans Affairs Diabetes Trial (VADT) involved 1791 participants with poorly controlled
T2DM, of which 97% were males. They were randomised to intensive (target of 1.5% decrease
in HbA1c) vs standard care. Although the intensive arm recorded a greater reduction in HbAlc
and maintained a 1.5% difference in HbA1c level throughout the study, there was no significant
difference between the two arms in the risk of composite of major CV event (HR: 0.88, 95%ClI:

0.74-1.05). Similarly, risks of all-cause mortality and CV deaths were similar in both arms.
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f. The ORIGIN TrialZ - 2012

The Outcome Reduction with Initial Glargine INtervention (ORIGIN) trial is a very large
clinical trial involving 12,537 participants with CV risk factors who had prediabetes or early
T2DM. These participants were randomised to either once daily injection of insulin glargine or
standard care (lifestyle modification, and/or metformin and/or sulfonylurea). After a trial
duration of 12 years, with a mean follow-up period of 6.2years, it showed no statistically
significant difference in a 3-point composite of M, stroke and CV death (HR: 1.02, 95%ClI:
094 to 1.11); or a 5-point composite which included hospitalisation for HF and

revascularisation for CV death (HR 1.04; 95%CI 0.97-1.11).

The neutral outcome of the ORIGIN trial was able to douse the concerns raised on the

cardiovascular safety issue raised about insulin therapy.

g. The DEVOTE Trial% - 2017

The DEVOTE trial results were announced at the recently concluded American Diabetes
Association (ADA) conference on June 12, 2017, at San Diego, California. The trial compared
the cardiovascular safety of insulin degludec vs. insulin glargine in 7637 people with T2DM,
at high risk for CV events. These patients were aged 50 years above, with HbAlc > 7.0%; and
no history of acute coronary or cerebrovascular event in the previous 60days. The primary
outcome was time to first occurrence of a 3-point composite major adverse of cardiovascular
event (MACE) comprising cardiovascular death, non-fatal myocardial infarction, or non-fatal

stroke and secondary outcomes of severe hypoglycaemia and change in HbAlc.

After a median exposure duration of 1.83 years, a total of 325 (8.5%) vs 356 (9.3%) events
were reported in the degludec vs glargine arms respectively; proving the non-inferiority of
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degludec to glargine with respect to the occurrence of MACE (HR: 0.91; 95% CI: 0.78 to 1.06;

p<0.001 for non-inferiority).28

The table below summarises the main macro- and microvascular outcomes of these trials as

well as the results of their post-hoc analyses.
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Table 1.4: Summary of outcomes of major CVOTs involving insulin and results of epidemiological follow-up and post hoc analyses

Study Outcomes Epidemiological follow-up/post hoc analyses
Study
Mi | i Macrovascular Effect on Mi | i Macrovascular Effect on
icrovascular outcomes o oo mortality icrovascular outcomes o oo mortality
UKPDS Reduced microvascular No effect on MI* None Reduced microvascular Reduced Ml Reduced
endpoint disease mortality
DIGAMI-1  Not available Not available Reduced Not available Not available Reduced
mortality mortality
ACCORD Reduced retinopathy, No effect on MACE**  Increased Reduced retinopathy No effect on MACE  No longer
nephropathy, neuropathy mortality increased
ADVANCE Reduced nephropathy No effect on MACE None Reduced end-stage renal No effecton MACE  None
disease
VADT Reduced progression of No effect on MACE None Not available Reduced MACE None
albuminuria
ORIGIN No effect No effect on MACE None Not available Not available Not
available

* MI: Myocardial infarction
** MACE: Major Adverse Cardiovascular Events
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The emerging evidence from the UKPDS, ACCORD, ADVANCE, VADT and ORIGIN trials
showed that intensive glucose control failed to show any benefit for major CV events compared
to conventional therapy.22 92 25 % Despite the excess mortality recorded by ACCORD study,
it showed significant benefits in microvascular complications alongside the UKPDS.?? 92
Similarly, the ADVANCE study showed a reduction in the risk of composite macro- and
microvascular events but failed to show any other CV benefit.2> On the other hand, the
DIGAMI trials which focused primarily on all-cause mortality, showed no significant benefit

with intensive care.89 90

To explore the CV benefits or otherwise derived from these trials, a meta-analysis of the 27,049
participants in the ACCORD, ADVANCE, UKPDS and VADT trialsi®® showed a 9%
reduction (HR: 0.91, 95%CI: 0.84-0.99) in the risk of major CV events in the intensive therapy
group compared to standard care (Figure 1.3). However, this is believed to have been driven,
to a large extent, by the 15% reduction in the risk of M1 (HR: 0.85, 95%CI: 0.76-0.94) in these
populations because no similar significant beneficial effects were reported for stroke, CV

deaths or heart failure.100, 101 102
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a Number of events
(annual event rate, %) AHDA Favours Favours
Trials oy " more less Hazard ratio
More Less (%) . i . ;
intensive rtensia intensive intensive (95% C1)
Major cardiovascular events
ACCORD 352 (2.11) 371 (2.29) =1.01 —.-- 0.90 (0.78-1.04)
ADVANCE  557(2.15) 590(2.28) -072 -.- 0.84 (0.84—1.08)
UKPDS 169 (1.30) 87 (1.60) —0.66 +- 0.80 (0.62-1.04)
VADT 116 (2.68) 128(2.98) —1.16 gl L 0.80 (0.70-1.16)
I
Overall 1194 1176 -0.88 <> 0.91(0.84-0.99)
' (Q=1.32, p=0.72, 12=0.0%)
I |

0.5 1.0 2.0
Hazard ratio (85% Cl)

b Number of events
annual event rate, %

Trials ( ) AHDA,. Rayolrs Felwours Hazard ratio
More Less (%) Snare ;o (85% CI)
intensive intensive intensive intensive

Myocardial infarction

ACCORD 198 (1.18)  245(1.51) -1.01 —- 0.77 {0.64-0.83)
ADVANCE 310(1.18) 337 (1.28) -0.72 —.— 0.92 (0.79-1.07)
UKPDS 150 (1.20) 76 (1.40) —0.66 —— 0.81 (0.62-1.07)
VADT 72(1.65)  87(1.99)  -1.16 —— 0.83 (0.61-1.13)

]
Overall 730 745 0.88 <> 0.85 (0.76-0.94)

' (Q=2.25, p=0.52, 12=0.0%)

I 1
0.5 1.0 2.0

Hazard ratio (85% Cl)

Figure 1.3: The effects of intensive versus standard glycemic control on (a) major
cardiovascular events (CV death or non-fatal MI or non-fatal stroke) and (b) MI (fatal
or non-fatal)

ACCORD Action to Control Cardiovascular Risk in Diabetes, ADVANCE Action in Diabetes and Vascular
Disease: Preterax and Diamicron MR Controlled Evaluation, CI confidence interval, CV cardiovascular, HbAlc
glycated hemoglobin, MI myocardial infarction, UKPDS United Kingdom Prospective Diabetes Study, VADT
Veteran Affairs Diabetes Trial

Source: Turnbull et al, (2009)120

Currently, there is no meta-analysis of these trials which included the findings of the ORIGIN
study. As stated above, the ORIGIN was the first CVOT which compared only insulin vs

others, and whose primary outcome was CV events. In this large trial, 12,537 participants with
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CV risk factors were randomised to either once daily injection of insulin glargine or standard
care (lifestyle modification, and/or metformin and/or sulfonylurea). Therefore, with the
inclusion of the ORIGIN trial (see Figure 1.4), | have shown that the overall effect remained
slightly non-significantly changed. The risk of major CV event was only slightly reduced from

9 to 5% (HR: 0.95, 95%CI: 0.88 — 1.03).

Intensive Conventional Odds Ratio Odds Ratio

Study or Subgroup  Events Total Events Total Weight IV, Random, 95% Cl IV, Random, 95% CI

ACCORD 352 A128 386 5123 203% 0.90[0.78, 1.08] =

ADVANCE 857 8571 q90  5ARY  27.2% 0.94 [0.83,1.06] &

ORIGIN 1041 6264 1013 B273 375% 1.03[0.84,1.14] .

LKFDS 169 2729 B 1138  T7hH% 0.80 [0.61,1.04] E——

YADT 116 599 126 832 T4% 0.90[0.69, 1.18) — T

Total {95% CI} 20591 18995 100.0% 0.85[0.88,1.03] &

Total events 2235 2202

Heterogeneity: Tau?= 0.00; Chi*=5.21, df= 4 (P = 0.27); F= 23% ; ; | |

Test far overall effect Z=1.27 (F=0.21) e I - 4 - J
Favours Intensive Favours Conventional

Figure 1.4. The effects of intensive versus standard glycaemic control on major
cardiovascular events (CV death or non-fatal Ml or non-fatal stroke) including the
ORIGIN Trial®®

Over the years, attention has been focused on the possible explanation to the variations
underpinning the inability of these trials to report any clear CV benefit. This lack of
concordance between these trails can be accounted for by the following: First, the different
follow-up periods: the mean follow-up duration in ACCORD was 3.5years while the
median/mean follow-up durations for ORIGIN, UKPDS, ADVANCE, DIGAMI and VADT
trials were 6.2, 10.0, 5, 2.1 and 5.6 years respectively. The short follow up duration in some
trials could not have been enough to explore the biological plausibility of the outcomes
recorded. Secondly, there were variations in the study populations e.g. the duration of diabetes
ranged from zero in UKPDS to up to 10 years in ACCORD and VADT. Thirdly, the presence

of other comorbidities and risk factors differed in these populations. For instance, 32% of the
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ADVANCE trial study population had CV disease at the background, 40% in VADT, and 35%
in ACCORD; while more than half of the participants (58.8%) in ORIGIN. Fourthly, there
were minor variations in age (range: 53.3 to 66 years) and use of other non-GLTs. fifthly, the
target outcome in these trials were non-individualised. As the management of diabetes is
individualised and patient-centred, the trials were unable to take into account individual
variations and unmet needs in treatment. In addition to this, there was the lack of consideration
on the different mechanisms of action of the GLTs beside their already known effects on
glucose control. Finally, there was lack of uniformity or consensus on what constitutes the
intensive and standard therapy arms of these trials; differences in the definition of the primary
outcome and its components; differences in criteria for allocation to a treatment regimen.>2 102-
195In summary, judging by the proportion of patients with background CV diseases in these
trials, it was thought this could have influenced the effect of intensive therapy. To explore this,
a sub-study of VADT showed that intensive glycaemic control was associated with reduced
CV events in those with no background history of CV (e.g. atherosclerosis).2% This implied
that early initiation of intensive therapy in those with no CV history was associated improved
CV outcomes. This was supported by Turnbull et al'® in a meta-analysis of ACCORD,
ADVANCE, UKPDS and VADT trials, showed a significant benefit in major CV events in the
intensive therapy arm in those without a background CV diseases and shorter duration of
diabetes (HR: 0.84, 95% CI: 0.75 — 0.94) vs those with CV diseases and longer duration of
diabetes (HR: 1.0, 95% CI: 0.89 — 1.13). Perhaps, more importantly, a sub-analysis on the
ACCORD study by Riddle et al®* showed that mortality outcome increased in patients whose
HbA1c levels increased despite allocation to the intensively controlled arm. This suggests that

factors like insulin resistance (obesity as a surrogate marker) may also play an important role.
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1.3.2. Evidence from Observational Studies

In spite of the high-ranking evidence from RCTSs, there has been greater need for more
observational studies using data from routine clinical data. This is because although RCTs meet
regulatory and scientific standards, they do not necessarily reflect what happens in real world,
and thus may not always provide healthcare professionals the best practical evidence for their
practice. Additionally, participants in RCTs are not always representative of the population

seen in routine clinical practice.

This following section focuses first on a few observational studies which explored the
association between insulin use and major CV events and all-cause mortality; then the
association between insulin dose and duration of use and major CV events; and finally the

association between insulin regimen and major CV outcomes.

a. The use of Insulin and CV Outcomes

Observational studies which explored the association between the use of insulin and CV
outcomes also produced inconsistent and inconclusive evidence. These are partly accounted
for the differences between the study population in terms of definition of study exposures and
outcomes. For instance, the definition of the components of a composite outcome like MACE
markedly varied between studies. Others include age, use of anti-diabetic medications,
comorbidities and concurrent use of other medications. An observational study which
compared the risk of congestive heart failure between people with diabetes vs a matched cohort
of non-diabetes reported a two-and-half fold increase in people with diabetes.l%Z However,
among the diabetic cohort, insulin users had above two-fold risk of CHF compared to
sulphonylurea (2.33) and metformin (2.66) usersi®® (Table 1.5). This was also similar for the

risk of non-fatal Ml among 63,579 people with type 2 diabetes, where which insulin users had
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20% greater risk compared to OADs (aHR:1.20, 95%Cl: 1.1 - 1.3). Also, for mortality, insulin
use among newly diagnosed diabetics was associated with a 2.3-fold (aHR: 2.32; 95% CI: 1.96-

2.73) increase in the risk of mortality compared to non-insulin.192

However, an interesting dimension to this trend was seen in an observational study by Hall et
al, 119 where 22,113 poorly controlled diabetics on oral antidiabetic drugs (OADs) who
intensified treatment with/without insulin were grouped according to their baseline OADs
before intensification, and followed up for 5 years. After a mean follow-up period of 3.5 years,
it reported treatment intensification with insulin was not associated with increased risk of major

CV events compared to OADs.

When compared to sulphonylurea following metformin failure in routine clinical practice,
Roumie et al&> showed that insulin was significantly associated with an increased risk of both
major CV events (aHR: 1.30; 95% CI: 1.07 - 1.58) and all-cause mortality (aHR: 1.44; 95%
Cl: 1.15-1.79). In a similar study of 5238 persons with T2DM after metformin + sulphonylurea
dual therapy failure in routine clinical care; our research group showed that the risk of a
composite of major CV events was 2.6-fold higher (aHR: 2.6; 95% CI: 1.9 - 3.4) following
insulin intensification vs DPP4 inhibitors and this was more marked in the obese subgroup
(@aHR: 3.6; 95% CI: 2.3 — 5.6).1L Similar results were shown in another class of GLTs - the
thiazolidinedione — pioglitazone which was associated with a 56% reduction in the risk of
composite CV events (aHR: 0.44; 95 % CI: 0.39 - 0.50) compared to insulin;12 and same as

with the GLP-1RA - exenatide.1i3

Table 1.5 summarises the association between insulin vs other GLTs and the risk of major
adverse cardiovascular outcomes and all-cause mortality in T2DM in some selected studies

using routine care databases.
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Table 1.5: Summary of selected studies on the association between the use of Insulin and
the risk of major adverse cardiovascular outcomes and all-cause mortality in T2DM
using routine care databases

Study (year)

Comparator

Hazard Ratio [95% ClI]

Major CV events

All-cause mortality

Nichols et al (2005)108

Margolis et al (2008)114
Gamble et al (2010)192
Currie et al (2010)3
Hall et al (2012)110

Currie et al (2013)1L>
Vallarino et al (2013)112
Roumie et al (2014)&
Nijjar et al (2014)116
Paul et al (2015)113
Holden et al (2016)Z
Mamza et al (2017)%LL
Nystrom et al (2017)118

Sulphonylurea
Metformin

OADs*

Non-users

OADs

OAD:s at baseline (one)
2 OADs

3 OADs

Metformin
Pioglitazone
Sulphonylurea

None

Exenatide twice daily
INS+MET?¢

DPP4 inhibitors
DPP4i + SGLT2i®
Dapagliflozin®

DPP4 inhibitors®

2.33[1.79 — 3.04]°
2.66 [2.09 — 3.40]°
1.20 [1.10 - 1.30]

NR

1.31[1.22 - 1.42]

0.53 [0.42 — 0.69]

0.85 [0.70 — 1.04]

1.07 [0.50 — 2.30]

1.74 [1.44 — 2.09]

2.27 [2.00 — 2.56]

1.30 [1.07 - 1.58]

1.25[1.13 - 1.39]

2.00 [1.26 — 3.12]

0.75[0.62 — 0.91]

2.60 [1.90 — 3.40]

0.85 [0.73 — 0.99]

0.51 [0.30 — 0.86]

0.87 [0.75 — 1.01]

NR®
NR
NR
2.30 [1.96 — 2.73]
1.46 [1.34 — 1.59]

NR

2.20 [1.98 — 2.43]
NR

1.44[1.15 - 1.79]
1.31[1.17 - 1.47]
NR

0.60 [0.52 — 0.68]
3.70 [2.70 - 5.20]
0.56 [0.49 — 0.64]
0.44 [0.28 — 0.70]
0.59 [0.51 — 0.67]

2 Risk of congestive heart failure (CHF).

®NR: Not reported

¢ OAD: Oral Antidiabetic Drug

4INS: Insulin and MET: Metformin

¢ Results compared to insulin
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b. Insulin Dose and Duration of use (Dose-response Effect) and CV Outcomes

Emerging evidences from observational studies seem to suggest that the risk of the adverse CV
outcomes seen in insulin users compared to non-users®’:# rises in a dose-dependent fashion.
As a result of this, a retrospective cohort study in Canada,2® which used the administrative
databases of Saskatchewan Health, compared the association between the dose of insulin
exposure vs all-cause and CV mortalities in people with newly-diagnosed diabetes aged above
30. Having categorised the yearly average cumulative duration of exposure thus: low
(<3dispensations/year); moderate (3-12 dispensations/year or <lvial/month) and high (>12
dispensations/year >1vial/month), they reported a graded risk of all-cause mortality of 75%

with increasing insulin exposure (P for trend = 0.042) (Table 1.6).

An updated observational follow-up study in UKL in filling the inherent gaps in the Canadian
study, categorised the definite dose of insulin and reported that for a unit/kg/day increase in
insulin dose, the risk of all-cause mortality increased by 54% (aHR: 1.54, 95%CI: 1.32-1.78)
and 37% (aHR: 1.37; 95%CI: 1.05-1.81) for major CV events. When compared to those on
insulin dose of <0.5 units/kg/day, there was no significant difference in the risk of all-cause
mortality for the <0.5 to <1.0 and >1.0 to <1.5 groups; but the risk of all-cause mortality almost
doubled (aHR: 1.90; 95%CI: 1.50 - 2.40) in the high dose group (>1.5units/kg/day) as can be
seen in Table 1.6. This was collaborated by another UK study in which the daily insulin dose
was graded. This study reported that all-cause mortality rates were higher with increasing doses
of insulin. So, compared to the reference category of < 25 units per day, the hazards of all-
cause death were 41% higher in the 25 to <50 units per day group (HR: 1-41; 95% CI: 1-12—
1-78); 37% higher in the 50 to <75 units per day group (HR: 1-37; 95%CI: 1-04-1-80); 85%
in the 75 to <100 units per day group (HR:1-85; 95%CI: 1-35-2-53) and above 2-folds in the

>100 units per day group (HR: 2-16; 95%CI: 1-58-2-93).
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The above studies suggest that adverse CV events follow a dose-response trend — increases

with increasing dose of insulin. Similarly, to explore the impact the duration of insulin use may

have on these outcomes, irrespective of insulin dose, an earlier UK study!? showed that

increasing duration of insulin-use was associated with higher risks of myocardial infarction,

with almost a three-fold increase after a duration of 6 months (Test for trend p-value <0.001).

Table 1.6: Association between insulin dose, regimen and duration and major CV
events and all-cause mortality

Hazard Ratio [95% Cl]

Study/year =~ Comparator - -
Major CV events All-cause Mortality
*None users: ref None users: ref
Gambleetal Nondinsulin oW : 1.65[0.82- 3.32] Low: 1.75[1.96 - 3.32]
(2010)1%® users Moderate: 1.71[1.17-2.50] Moderate: 2.18 [1.82 —2.60]
High: 2.51[1.81-3.50] High: 2.79 [2.36 — 3.30]
< 0.5units/kg/day: ref
Holdenetal Lowest dose . q >0.5to < 1.0: 0.90 [0.78 — 1.04]
(2014)1e ot assesse >1.0to<1.5:  1.19[0.99 — 1.44]
>1.5 1.90 [1.50 — 2.40]
< 25units/day: ref
Gamble etal Lowest dose 25 to < 50: 1.41[1.12-1.78]
(2017) Not assessed 50 to < 75: 1.37 [1.04 — 1.80]
75 to < 100: 1.85[1.35-2.53]
> 100 2.16 [1.58 — 2.93]
None users: ref
Margoliset ~ Non-insulin 1 -5months: 2.0 [1.52 — 2.60] Not assessed
al (2008)4 users 6 — 11months: 2.9 [2.00 — 4.20]

> 12 months: 2.9 [2.10 — 3.90]

*Here, the outcome is CV-mortality.
P-value for trend <0.05 in all studies except Gamble et al (2017)
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The above studies highlight both the paucity and lack of conclusive evidence from
observational studies on the CV safety of insulin despite the fact that insulin use in routine
clinical care is very common. A major missing link here is that these studies failed short in
galvanising the clinical outcomes in insulin users as relates to the management of diabetes in
this special group. Rather, they focused mainly on treatment intensification with insulin in
comparison to other GLTs. Be that as it may, with the rapid introduction of newer novel GLTs
(known for its cardio-protective effects like the GLP-RA), there is now the need to explore
their benefits or otherwise with insulin. For example, GLP-1RA-insulin combination
formulations (e.g. IDegLira® and LixiLan® which are fixed dose combinations of GLP-1RA
and long acting insulin) are increasingly being used in routine clinical care in the UK. This
seems to be a good therapeutic synergy to modify or totally eliminate any effect of insulin on
CV risk markers. Currently to my knowledge, there is very limited evidence from
observational data on this, thus creating a gap in knowledge that may inform future clinical

practice.

1.4. Insulin and Metabolic Outcomes

The association between insulin-use and metabolic outcomes (glycaemic control — defined by
change in HbAlc levels; change in weight, episodes of hypoglycaemia and adverse events)
have been presented in Chapter 3, in a meta-analysis of clinical trials which compared these

outcomes between insulin and other GLTSs.
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1.5. Research Aim and Objectives:

Despite the plethora of emerging evidence from the above studies and clinical trials on the CV
and metabolic outcomes associated with insulin use, little emphasis has been placed on the
insulin-users with T2DM. This, perhaps, explains why clinical trials fall short in generating
conclusive/uniform evidence on the best clinical practices or management guideline for insulin

users.

This special class of people requires special consideration for many reasons. First, the use of
insulin can be a marker of disease severity. This implies that those on insulin could be sicker
than other people with T2DM and may not be the ideal participants for clinical trials due to
ethical concerns. No doubt, this limits the generalisation of the evidence from clinical trials on
this group. Secondly, insulin is often not the first or second-line treatment in the management
of T2DM. Many treatment guidelines emphasise the need for other GLTs before insulin. Also,
there are widespread reports on clinical inertia in initiating or intensifying treatment with
insulin 12123 Resuyltantly, insulin-users usually have failure with many other antidiabetic
medications before commencing insulin.22% Thirdly, Mannucci et al opined that the prescription
of insulin could be driven by the presence of other comorbidities? and this may translate to
the use of many other medications whose actions or side effects may confound the effect of
insulin therapy. Finally, insulin users may be older; or have/be at a greater risk of insulin

resistance which may lead to the use of higher doses of insulin and its attendant CV risks.2: 10

117,120

Resultantly, there has been a surge in the use of healthcare databases for pharmaco-
epidemiological studies?-127 despite the well-known fact that evidence from randomised

controlled trial (RCT) and meta-analysis of RCTs is considered to be the gold standard. The
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reasons for this are - first, observational studies (using longitudinal data from routine clinical
practice) mirror the “the real-world” picture and a true reflection of what obtains in clinical
practice. Secondly, clinical trials require time to conduct and its results not readily available
while real-world data are easily accessible, involve larger populations which translate to greater
sensitivity, and save time. Furthermore, unlike RCTs, they are more flexible; can be used to
study rare outcomes and for multiple studies. Nonetheless, it is very prone to biases which will

be discussed in full details in the next chapter.

In this review, in spite a few conflicting reports, most observational studies and clinical trials
affirm that insulin may be associated with adverse CV outcomes compared to other non-insulin
glucose-lowering therapies. As plausible these findings may seem, they should be interpreted
with caution due to the potential biases inherent in them such as selection and channelling bias
in observational studies but one;X improper definition of the time to event, index date and
study exposure, leading to immortal time bias.'?® 12 Another important observation is that
these studies failed to focus on insulin users but insulin-use, thereby creating the need for a
more comprehensive study to explore the clinical dynamics and features of insulin users and

how this impact on the outcomes observed among them.
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The aim of this thesis therefore is to explore the real-world cardiovascular and metabolic

outcomes associated with the use of exogenous insulin in cohort insulin-users in the UK with

type 2 diabetes, using the UK Primary Care database. This will be met through attaining the

following objectives:

Objectives:

1)

2)

3)

4)

5)

To systematically review and summarise clinical evidences from RCTs which
compared the cardiovascular and metabolic outcomes associated with insulin vs non-

insulin therapy.

To explore the gaps between clinical outcomes from RCTs and real-world data in terms

of the effect of insulin regimen on metabolic outcomes as glycaemic control and weight.

To investigate the impact of metabolic profile of insulin users on metabolic outcomes

and cardiovascular risk.

To estimate the time to Major Adverse Cardiovascular Events (MACE) and all-cause
mortality following treatment intensification with insulin versus, or in combination
with, newer GLTs (e.g. Glucagon like peptide-1 (GLP-1RA) analogue) following

dual/triple therapy failure.

To evaluate the association between HbAlc levels and composite MACE in elderly
people (aged 65 and above) and to establish if any association was independent of the

diabetes treatment regimen.
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6)

7)

To explore the effect of concurrent use of other medications which modify
cardiovascular risks (e.g. statins) on glycaemic control and MACE and all-cause

mortality among insulin users.

To characterise and compare the local demographics of insulin users with a

representative national data.
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1.6. Overview of Thesis:

Chapter 2 describes the methods applied on the data to answer the research questions. This
begins with the methods employed in the extraction and organisation (including imputation of
missing data) of the data from the UK Primary Care database — The Health Improvement
Network (THIN); to a brief description of THIN; the justification for its use for this study;
identification and definition of our study cohort (study population); definitions of our exposure,
outcome and confounding variables; identification of potential biases and methods employed
to minimise or completely eliminate them. It ends with a general overview of the statistical

analytical methods employed e.g. Cox, logistics and Linear regression analyses.

Chapter 3 sets out to systematically search, analyse and summarise recent evidence from
selected RCTs carried out in the past decade, which compared important cardiovascular (e.g.
non-fatal MI, stroke, heart failure, CV mortality and all-cause mortality) and metabolic
outcomes (e.g. weight, HbAlc, Lipid profile, episodes of hypoglycaemia and adverse drug
events) between insulin and non-insulin glucose-lowering therapies. In a meta-analysis of these
outcomes, the recent evidence about the CV and metabolic safety of insulin is highlighted and

summarised.

Chapter 4 is aimed at exploring the differences and gaps between important clinical outcomes
from RCTs and real-world (observational data) as it relates insulin regimens. It is believed that
RCT outcomes do not always mirror the true clinical picture in real-world. So, here, a
comparison between glycaemic control and weight-change was made between the two most
popular insulin regimes — Premixed (Biphasic) vs Basal-bolus Insulin regimen, highlighting
the differences or otherwise in these outcomes between RCTs and the UK Primary Care

database.
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Chapter 5 then x-rays the metabolic profile of insulin users and their association with insulin
with CV events and metabolic outcomes. First, it looked at the relationship between baseline
obesity and glycaemic control and CV events; later examined the association between insulin-
induced weight-change and CV mortality; and finally, looked the impact of weight-change on

glycaemic control.

Chapter 6 compares the time to a composite of major CV outcomes and all-cause mortality
between insulin and a newer novel glucose-lowering drugs - GLP-1RA. Reports from clinical
trials have shown that GLP-1RAs have favourable effects on weight reduction and low risks
of hypoglycaemia. So, it is speculated that when used alone or in combination with insulin in
intensification following dual- or triple therapy failure may have favourable CV outcome
compared to insulin. Also, analysis was conducted to determine their comparative efficacy in

glycaemic control and weight change.

Chapter 7 focuses on the optimal glycaemic control for elderly insulin-treated persons (aged
65 and above) with T2DM. Although treatment guidelines emphasise individualised care, there
is no conclusive evidence on the target HbAlc range in this high-risk group of patients on
insulin therapy. So, this chapter sets out to identify the HbAlc target ranges that can be
associated with the least adverse outcome, drawing strength from the reports from other
observational studies in other categories of people with T2DM which associated extremes of

glycaemic target with worse CV outcomes and mortality.

In Chapter 8, the association between insulin-use and concomitant administration of other non-
antidiabetic medications was explored using statins as an example. Evidence from randomized

controlled trials shows that although statin therapy reduces the risk of CV events in patients
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with T2DM; it also has modest adverse effects on glucose and insulin metabolism, e.g.
increasing the risk of new-onset diabetes or worsening glycaemic control, especially in higher
doses and with the more potent statins. So, after a 5-year follow-up period, the effects of
background statin use on glycaemic control and CV outcomes following commencement of

insulin therapy was explored and highlighted in order to allay fears of clinicians on its use.

In Chapter 9, the demography, insulin-use patterns, and clinical outcomes of insulin users with
T2DM within our local environment — The Erewash (Integrated) Diabetes Service was
compared with those of the UK population. This was to identify the proportion of patients
achieving the relevant NICE targets with a view to identifying local differences for audit and

improved clinical practice in our area.

Finally, Chapter 10 summarises the entire research project, relating the outcomes in the chapter
to the already highlighted research aims and objectives outlined in Chapter 1. It highlights the
clinical importance of the findings of this thesis and recommends further researches to bridge

any identified gap or advance further knowledge in the thesis.
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2.1. Overview

This chapter broadly describes all the methodological approaches employed to answer the
research questions in this thesis. It begins by describing the healthcare data sources used and
then goes on to explain the data management principles applied. Furthermore, it describes the
study population and designs; and defines the study exposure and outcome variables, alongside
other important covariates. It also provides an overview of some of the inherent potential biases
associated with the study and methods used to minimise or eliminate them e.g. multiple
imputation and propensity-score matching. Finally, it describes the statistical analytical
methods used in this thesis e.g. systematic review and meta-analysis; Cox, Linear, and Logistic

regression analyses.

Due to the different statistical methods used for different study objectives, a brief overview of
the statistical methods will be presented here. Further details on the methodological design

specific to each objective/chapter will be contained in the subsequent chapters.

2.2. The Health Improvement Network (THIN) Database

The rapidly evolving information technology (IT) age has witnessed a rise in the volume and
quality of electronically-collected data. This helped to “define primary care as a specialty”, and
placed in the hands of researchers, large volume of data for easy analysis and processing.13

This is however not limited to medical researches alone. In the United Kingdom for example,
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there are many electronic medical records which house many databases like The Health
Improvement Network (THIN);23L Clinical Practice Research Datalink ((CPRD) which was
formerly known as GPRD)!2 and many others which are increasingly being used for

epidemiological studies.

THIN is a large longitudinal database of anonymised primary care records of General Practices
(GP Surgeries) in the United Kingdom. It was created in 2002 by Epidemiology and
Pharmacology Information Core (EPIC) in partnership the In Practice Systems (IPS), London.
EPIC recruited Primary Care practices that began data collection in 2003 and still regulates the
participating practices by setting, upgrading and monitoring adherence to stipulated standards
on data collection, quality, handling and storage in line with National Health Service (NHS)
guidelines. 131133134 Cyrrently, THIN is a collaboration between INPS and Cegedim Healthcare

software (which writes its data collection software).!

Information in THIN is entered in a non-interventional manner by physicians and healthcare
workers in the participating practices. These include patients’ demography, lifestyle
characteristics (as alcohol intake and smoking status), past and current medical diagnoses (both
acute and chronic, using READ codes®®), laboratory results, drug prescriptions (coded using
the British National Formulary (BNF) codes), specialist referrals, hospital admissions,
immunisations, clinical measures (e.g. height and weight) and Townsend deprivation scores'®”
138 Recently, ethnicity, religion and languages have been added.23L On entering the database,
all identifiable or traceable information is removed from the patients’ records and a unique
patient-code and practice identification code assigned to them. This ensures the anonymity of

the patients to both the database managers and the researchers.

As at January 2014 (when this study dataset was obtained), THIN contained details of over

12.4 million patients which are derived from the currently participating 587 general practices.
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Of this, 3.61 million are currently active. Annually, only 3% of patients are lost to follow-up

due to death or transfer out of practice following migration, 37 138

Validation

THIN covers about 4-5% of the UK population and has been shown to be demographically
representative of the dynamics of the UK population in terms of the prevalence of major
chronic diseases and mortality rates. As a result of this, the results from studies using this
database are generalizable to the UK population.t®” 3 It has been shown to be similar in
organisational scope to CPRD® 40 141 and very suitable for research in pharmaco-
epidemiology®” 138 142 At practice and dataset levels, its information has been shown to be
comparable to other national data sources such as the Office for National Statistics (ONS), The
Department of Health’s READ codes for the Quality and Outcomes Framework (QOF) and the
Census figures.®3 134 The database is regularly updated thrice yearly with the addition of more

clinical data and the inclusion of more practices.

2.3. Data Management:

THIN1401 was the version obtained for this thesis. This version contains updated data up to
January 14th, 2014. The raw data-files were provided in a simplified flexible structure and
organised by practice and by patients in the form of flat ASCII (American Standard Code for
Information Interchange). Each practice data were split into four standard ASCII fixed width
text files and three linked files. These include patient, medical, therapy and an additional health
data (AHD) files. The linked files include postcode variable indicators (PV1), consult and staff
files®: (Figure 2.1). Also included were a series of dictionaries and look-up tables which

allowed the coded information to be interpreted.
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Consult Practice file Demography file
Can be linked to Contains dates of last collection, Patient demographics

therapy, AHD and Vision date, AMR, computerisation

medical events. Data etc

on {ocation, time and

et cormunning Linked by practice ID

Linked by Staff roles e Linked by
patient ID / linked by T\pauem ]
Patient file Therapy file | St2710 | Medical file Additional Health
Data on : Dataon B “[*Data on medical Data (AHD) file
demographics prescriptions events Data on prevention,
lifestyle and diagnostics
Postcode Pack Drug Dosage Medical Anonymised AHD
Variable size codes Dosage codes comments codes
Indicators Free Encrypted ~code Linked to Linked by text ID || Description of
Variables linked text druggode || finked to description codes and

to patient ID linked to linked to dosage of sign. context of
derived from pack generic shhg Sympkos, dependant

patients’ size medicine m?;g“ variables

ward/location. code description

Figure 2.1. The structure of THIN Database!*

Data management of the entire dataset was done under the supervision of Jil Mamza, a senior
PhD candidate then in the research unit. This entailed using the Drug and BNF codes to extract
information on all important drug prescriptions (for both diabetic and non-diabetic
medications) from the dataset and store these in a separate data-file. Similarly, AHD codes
were used to extract important covariates (as defined below) and their dates of recording.
Separate data files were created for each covariate. The time-varying covariates as weight,
height, HbAlc levels, and laboratory investigations were stratified yearly by the dates they

were measured.

Finally, the READ codes for relevant medical diagnoses e.g. coronary heart disease (CHD),

acute myocardial infarction (M), cerebrovascular disease (stroke), peripheral arterial disease
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(PAD), heart failure (HF), episodes of hypoglycaemia and mortality (see Appendix 1.1 to 1.6)
were used to create separate data files for these important outcomes, including their respective

dates of diagnoses.

Multiple Imputations

Missing data are a common feature in epidemiological studies which involve routinely
collected data and also a huge source of bias which can undermine the validity of the findings
and conclusions from such studies.244146 This is much more pronounced if the covariate(s) with
the missing data is/are the exposure or outcome variable of interest, or a strong confounder.
This later leads to biased results. The level of this bias is determined by the missingness (the
degree or pattern of missing) of the covariate(s).2#4 145147 Subjects with missing data may differ
systematically from those without with regards to the outcome of interest e.g. the elderly with
T2DM may be more likely to visit the doctors and may have more recordings for BP, blood
glucose levels and HbAlc levels than younger ones. Shortly after the THIN database
commenced, Marston et al*® reported that 22% and 38% of the data for smoking and height
respectively between 2004 and 2008 were missing.2® Nonetheless, this has greatly improved
over the years. Since missing data are inevitable in routinely collected data, there is the need

to devise an effect statistical method to eliminate or greatly minimise their impact.

Generally, there are three broad categories of missingness: missing at random (MAR); missing
completely at random (MCAR); and missing not at random (MNAR).'" 14 MAR was the
pattern of missingness observed in this study. This occurs when the pattern of the missing data
is dependent on already observed data.'*” 14° For instance, in a study on hypertension, data on
BP are less likely to be recorded for the younger ones compared to the elderly. Once age is

accounted for, the missingness will no longer dependent on their age. To deal with the issue of
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missing data, a good number of methods are currently available, e.g. single value imputation,

missing indicator method, complete-case analyses and Multiple Imputation (M1).147: 148

M1 was used to deal with missing data in this study. This is because MI takes the improbability
associated with missing data into consideration. In many statistical software models (e.g. Stata
v.14 used for this study), it operates under the assumption that the data are MAR and so can
provide unbiased and valid estimates using the information from the dataset. It incorporates
both the coefficient estimates of both the covariates with missing and non-missing data.4” The
use of MI has been on the rise since 2008 in many epidemiological studies.! Its techniques
are centred on the assumption that any subject in a study sample can be replaced by another
new randomly selected subject from the same population.2*® It does this by replacing the
missing data in variables with values derived from various estimates of the probabilities of the
distribution of these variables in the population. This gives rise to unbiased and valid estimates

of study associations.#" 149

Multiple imputation by chained equation (MICE), also known as fully conditional specification
(FCS) is a method of MI which starts with the replication of the incomplete dataset multiple
times (usually > 5 times) and replacing the missing data (e.g. HbALc) in each replicate with
plausible values derived from an imputation model. By so doing, it takes into consideration the
probabilities within these values and between estimates across the “completed” datasets. This
creates multiple versions of the complete dataset which are analysed using appropriate set-
down models (for example, logistic or linear regression) on each ‘“completed” dataset
separately. Finally, a single overall M1 estimate having a standard error is derived through the
combination of these estimates which were gained from each “completed” dataset. The
standard error for this overall estimate accounts for the variations between the estimates of the

separate analyses of the “completed” datasets
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2.4. Study Design (Cohort Study)

Except where indicated in the relevant chapter, retrospective cohort study design was mostly
employed in the data analysis of the study. Traditionally, cohort studies are regarded as
‘forward-looking’ observational studies because they are planned and carried out over a period
of time and can be used to establish a link or an association between risk factors and a health
outcome in a group (cohort) of people who share similar characteristics e.g. They can be used
to investigate aetiologies — an advantage it has over RCTs because the latter is not used for
such due to ethical concerns. There are basically two types of cohort studies — prospective and

retrospective cohort studies.

Prospective cohort studies portray the ‘forward-looking” posture of cohort studies. It involves
first, the identification of a risk factor in a cohort; and later, a follow up of those exposed to it
or not, to see if they will develop the health outcome of interest. An example is shown in Figure
2.2 below. A population of metformin plus sulphonylurea users were exposed to either insulin
or not (exposure). These two treatment groups were followed up (prospectively) for 5 years to
see if they will develop any adverse CV event (outcome). Popular cohort studies include the

Nurses’ Health Study, Millennium Cohort Study and the 1970 British Cohort study.
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Figure 2.2. A schematic presentation of a prospective cohort study

Retrospective cohort studies are also known as historic or longitudinal cohort study. It
primarily looks at already existing data which are usually stored in electronic databases.
Although these data can be used to explore the association between an exposure and outcome,
they were not initially collected just for the sole purpose of exploring that particular association
between that exposure and the outcome. The beauty of retrospective cohort study is that they
look back at events that had already taken place and been recorded in the register as if they are
just occurring, and so reconstructs the experience as if it had been followed prospectively. The

schematic diagram (Figure 2.3) below highlights its key features.
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Exposure Disease Study starts
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Figure 2.3. Schematic representation of retrospective cohort study

Generally, in this study, a cohort of insulin-users were followed prospectively in order to
explore the CV and metabolic outcomes associated with insulin use by looking at different risk
factors or baseline differences in the cohort. The advantage here is that, unlike in the
conventional prospective cohort studies, both the exposure and outcomes of interest have

occurred.22

2.5. Study Population

The study population comprises all adults (aged 18 and above) with T2DM on insulin therapy
in the THIN database between September 2006 and January, 2014. Entrance into the study
cohort was defined by the date of initiation of insulin therapy (index date). Similarly, diabetes
duration was defined by the period between diagnosis of diabetes (diagnosis date) and index
date while insulin duration is the period between index date and end date (end of follow-up
period or death or loss to follow up (transfer out date) or occurrence of an outcome of interest

as defined by the specific study).
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The follow-up periods were specific for each study. Generally, this is defined as the period
from the index date to either the occurrence of the study outcome(s), end of the study,

discontinuation/substitution of the exposure of interest, or loss to follow up.

2.6. Definition of Study Variables

The following subsections provide an overview of variables considered in this thesis. The full

details of these variables, where indicated, will be discussed in their relevant chapters.

2.6.1. Exposure

The study was exposure-defined — meaning that the entrance of any subject into the study
cohort will be marked by initiation of the study’s exposure. Since exposure differed for each

study, this section is discussed in details in the relevant chapters.

2.6.2. Outcomes

Similarly, the outcomes of interest differed between the studies. These were further highlighted

in their relevant sections.

2.6.3. Covariates

Based on evidence from existing literature and clinical significance, the covariates were
selected a priori. At baseline, these were collected between 90 prior and 90 days after index
date. These include demographic variables as age, sex, socioeconomic deprivation (measured
by Townsend Deprivation Scores),'® 14 smoking and alcohol status. Others include clinical
measures as body weight (kg); body mass index (BMI, kg/m?); and Systolic and Diastolic blood

pressure (mmHg); and laboratory measures as baseline HbAlc,(mmol/mol, %), estimated
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glomerular filtration rates (GFR, mls/min/1.73m?); total cholesterol levels (TC, mmol/L); low-
density lipoprotein (LDL, mmol/L); high-density lipoprotein (HDL, mmol/L); and
triglycerides (mmol/L); and albumin-creatinine ratio (ACR, mg/mol). Finally, the use of other
antidiabetic medications; and medications as statins, aspirin, and antihypertensive drugs were
included alongside the presence of other comorbid conditions as coronary heart disease (CHD),
acute myocardial infarction (M), cerebrovascular disease (stroke), peripheral arterial disease

(PAD), heart failure (HF) and episodes of hypoglycaemia.

Additionally, 1 obtained further follow-up data for time-varying covariates like body weight,
BMI, and diastolic and systolic BP; HbAlc, ACR, TC, LDL, HDL and triglycerides; after 6

months, and yearly thereafter throughout the course of the study.

2.7. Potential Biases and Adjustments

Every research is aimed at estimating the measure of effect with a high degree of accuracy and
precision. Using longitudinal electronic health records as THIN, this may not be possible due
to certain inherent biases and confounders. Diabetes is a risk factor for CV diseases. Whilst the
use of insulin in its management may negatively affect known CV risk factors, this interplay
thus further confounds the positive effect of insulin on glycaemic control, thereby making
insulin therapy to seem like a complication of diabetes itself>, So, this section highlights some

of these potential biases and the methods employed to adjust for them.
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Figure 2.4. Potential Biases in the study

2.7.1. Some Biases and Adjustment strategies:

Immortal time bias is a form of bias which arises in routine database observational studies as
a result of improper definition of the study exposure. It arises when the exposure or entry into
the cohort is defined by a specific time (date) instead of the treatment of insulin (e.g.
intensification of INS with a 2nd line drug). Due to this improper definition or
misclassification, the outcome of interest may not occur during the follow-up period (immortal
time).22 To overcome bias due to immortal time (See Figure 2.1), an exposure-based
definition, whereby subjects only entered the cohort at the point of contact with the exposure
(e.g. intensification of INS with a 2nd-line therapy), as against a time-defined entry (the study

start date) was adopted. Also, to minimise immortal time as a result

Secondly, prevalent user bias may arise following the presence of the outcome of interest
before initiation into the study. For instance, the presence of M1 before intensification of INS

in study in which Ml is assessed after the exposure. Prevalent user bias leads to overestimation
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of the treatment effect, thereby pushing the hypothesis away the null.£2 To minimise this, an
exposure-risk window of > 180 days was used throughout the study. This period is believed to
be biologically plausible for the risk of the outcome (e.g. weight-change or glycaemic control)
to be attributed to the exposure (e.g. insulin use). In reality, this was difficult to completely
eliminate in the study because the complications of insulin therapy (e.g. hypoglycaemia) can
manifest within a short period of time leading adverse CV outcomes and/or mortality.
Similarly, as can be seen in Figure 2.1, this study runs a risk of both unnecessary adjustment
(by trying to control the many covariates which do not directly affect the association between
the study exposure and outcome) and over-adjustment bias (by attempting to control an
intermediate variable on the causal path of the exposure to outcome.22¢ Rather, in dealing with
this, the covariates used for adjustment were defined and extracted at baseline in relation to a

priori clinical evidence.

Thirdly, as T2D is a chronic condition, it is characterised by high rates of drug discontinuation,
substitution, intensification or initiation due to reasons varying from poor glycaemic control,
side effects and adverse effects on risk factors. This has the potential to lead to bias. As-treated
(AT) analysis approach (instead of intention-to-treat (ITT) analysis) was used in this study
whereby exposure to a drug terminated upon its discontinuation or substitution. At this point,
the patients were censored. In this thesis, a drug was assumed discontinued when there were

no records of its prescription found after 6 months of the last recorded prescription.

There remains the potential for unmeasured confounding which arose from the inability of
this database to measure in details some important covariates>’ e.g. compliance and adherence
to insulin regimens and other antidiabetic medications, the use of over the counter medications

and other lifestyle factors. This led to residual confounding bias in this data. However, the data
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were robust in terms of many measured sample size and study power (with 19,808 study

participants) to minimise any effect this may have on the research validity.

The potential for selection bias is high in longitudinal databases because of lack of
randomisation. This gives rise to study sample which is not representative of the population
and limits the validity and generalizability of the study findings. Propensity score analyses

were employed to address this in some chapters of this study.

2.7.2. Propensity Score (PS) Analyses:

One great advantage of RCTs over other study designs is randomisation — which removes the
impact of confounding by baseline covariates on treatment assignment. As observational
studies are being used more to estimate the effects of treatments on important clinical
outcomes, often times, there are systematic differences in the way relevant baseline covariates
in routine clinical data are distributed between the treatment groups. As a result of this, one
cannot effectively compare the outcomes between these groups without the risk of selection

bias which limits the validity of the outcome.128-180

The use of propensity score analytical methods has become increasingly popular in
observational studies. It simply aims to mimic RCTs by reducing the effect of the confounding
caused by those baseline differences, and compares the outcomes in the subjects in the
treatment groups who share similar distribution of baseline covariates. It focuses on the
association between prognostic variables and allocation of subjects to the treatment or control
group and tries to “reconstruct a posteriori situation similar to random assignment”*%8 using the

baseline covariates which are associated with the treatment, 28 152
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The effect of any treatment in survival analysis is measured by the difference between the two
probable outcomes [i.e. Y i(1) - Y i(0)]. This implies that the average treatment effect (ATE)
represents the mean difference in survival time as a result of the treatment of interest but the
average effect of treatment on those subjects who eventually received the treatment is measured

by the average treatment effect for the treated (ATT). 19160

Propensity score (&;) is the probability of receiving the active treatment (Z =1 vs. Z=0; where
Z is treatment of interest; 1 is active treatment; and O is control or no-treatment) and it is
conditional on the observed baseline covariates (X).12%-16
Thatis ei = Pr(Zi=1|Xi). .

It balances the distribution of measured baseline covariates to be the same in both the treated
and untreated subjects so that outcomes can be effectively compared between them. It does this
through 4 main methods:

I Propensity score matching,

ii. Stratification on the propensity score,

iii. Inverse probability of treatment weighting (IPTW) using the propensity score, and

v, Covariate adjustment using the propensity score.
These methods are robust, and allow one to estimate the marginal measures of treatment
effect.18L For this study, two methods were used — propensity score matching and IPTW. These

will be briefly discussed below.

Although there is no conclusive evidence on the baseline covariate that can be included in the
PS model, there is need to consider the specific peculiarities of the study, as well as the
prevailing literature on the subject in choosing only the variables that are prognostic of the

study outcome, 60 162
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Propensity Score Matching (PSM): This involves more matching of the subjects who share
similar propensity score to form pairs of treated vs untreated cohorts. The commonest method
of matching is one-to-one matching,**® 1% however, there are other ratios of matching.1 First,
a matched sample is formed, followed by the estimation of treatment effect through the

comparison of the outcomes between treated vs untreated subjects within the matched sample.

This method has been validated and matched subjects have been shown to have similar value
of propensity score and in the distribution of the observed baseline covariates.!® % This
removes any effect of confounding caused by the initial baseline differences. However, the
PSM is modelled in such a way that ensures a minimal difference in global propensity score is
maintained. The estimation of variance in the matched sample accounts for the lack of
independence in outcomes induced by matching.'®% 163 The weighting and pairing of sample
subjects leads to the construction of a sample of subjects whose only difference is the treatment.

ATT can be estimated in a PS-matched cohort.

Briefly, another method of matching is the near-neighbour matching (greedy nearest neighbour
matching). Here, a treated subject is selected and matched with an untreated subject whose
propensity score is closest to it, so far as the differences between their propensity scores is less
than a set maximum distance called the caliper distance. This method helps to overcome

incomplete matching which in some cases may arise following PS matching.

In time-to-event outcomes analysis, Kaplan-Meier survival curves can be estimated for both
the treated and untreated subjects using a PS matched sample. This enables one to directly
compare the probability of survival between the different treatment groups. And because of the
baseline similarity between the treatment groups, stratified log-rank test can be used to compare
the equality of the survival curves instead of the log-rank test frequently used in other

samples.? 184 Similarly, Cox proportional hazards model can be used to estimate the relative
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change in the hazard of the outcome by regressing survival outcomes in treated vs untreated

subjects.164

Inverse Probability of Treatment Weighting (IPTW): This method involves the use of PS-
based weights to create a sample in which the distribution of the baseline covariates was not
dependent of the treatment assignment. IPTW uses the marginal structural models which
enables time-varying confounders to be properly accounted for during the estimation of the
effect of time-varying exposures.'>® 160185 The possibility of having treated subjects with a
very low PS or untreated ones with a high PS introduces instability in the weighting process.
As a result of this, the use of stabilised weights has been advocated.%® This is computed by
multiplying the IPTW by the marginal probability of receiving the actual treatment of interest.

This then allows the estimation of ATE.

In time-to-event outcome analyses, Xie and Lut¢’ proposed an adjusted Kaplan—Meier estimate
for the survival curves in the weighted sample and the use of a modified log-rank test to
compare the equality of the survival curves. Similarly, regression models can be weighted by
IPTW and used to estimate the causal effects of treatments. Robust variance estimation can be
used to account for the sample weights. As with the PSM method, Cox proportional hazards
model can be used to estimate the relative change in the hazards of the outcome. In this model,

survival will be regressed on an indicator variable which represents treatment status.

2.8. Data Analyses:

2.8.1. Baseline Demographics

This study compared different outcomes among different drug-groups, baseline or metabolic

groups. So, the baseline differences between the groups will be assessed using chi-square tests
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and t-test for categorical and continuous variables respectively. Linear regression analysis will
be used to estimate the differences where there are greater than 2 groups for continuous
variables. Categorical variable values will be expressed as absolute numbers with proportions

(%) while continuous variable values will be reports as mean and standard deviation (SD).

In matched analyses after PS matching, the standardised difference (d) was used to compare
the baseline differences between the groups both for continuous and categorical variables. The
standardised difference compares the mean differences (in unit) of the pooled SD and is used

to compare the mean and proportion of baseline covariates in the PS-matched cohort.

PSM was the preferred choice over regression models in the adjusting for baseline variables in
Chapters 6 and 8, which were studies involving different treatment groups. This is because a
good advantage of PSM over the use of regression models is that while regression "“controls
for" the baseline characteristics in a linear manner, PSM eliminates the linearity assumption
and focuses mainly on the particular exposure (observation) group of interest. Often times,
observations outside this group may not be matched. For example, if a study involves elderly
insulin users (aged 60 years and above), PSM will only match those aged 60 and above and
ignore those not within this age limit. This can be both its strength and weakness — strength in
that it creates a more concise measure of effect in this group; weakness in that its results cannot
be generalised to those outside the matched population (e.g. those younger than 60). Also, in

regression one can extrapolate using the linearity assumption unlike with PSM.

Another major advantage of PSM over regression is that it is non-parametric and so can obtain
the best estimated probability of treatment assignment without being concerned with over-
parameterizing this model. PSM can fit a very complicated propensity score model with
interactions and higher order terms first. Unlike in the regression models, PSM is an efficient

way to reduce many covariates into a single score which can then be used to adjust an effect of
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interest for a set of variables. This gives it a wide statistical advantage because it saves degrees

of freedom by only adjusting for a single propensity score instead of multiple covariates.

2.8.2. Meta-analysis

Chapter 3 is a meta-analysis of recent clinical trials which compared insulin therapy with any
non-insulin GLT to obtain an average measure of effect for CV and metabolic outcomes. The
detailed methodology has been presented in this chapter 3. Briefly, the primary outcome was
the occurrence of CV events between the two treatment groups. The number of these events in
each trial was extracted and pooled together using random effect method (which allows for the
expression and adjustment of heterogeneity between the trials) to determine the odds of the risk
of the outcomes — CV events, hypoglycaemia, adverse treatment events and proportion of
patients attaining a set-target of HbAlc level — and the mean difference in terms of weight and
HbAlc between the treatment groups. The pooled effect size for categorical variables were
reported as odds ratio (OR) or risk ratio (RR) with 95% confidence interval; while the
continuous variables were reported as standardized mean difference (SMD) with 95%
confidence interval and p-values.1®8 Sensitivity and subgroup analyses were conducted based
on the classes of the non-insulin GLTs. The data were presented in tables, forest plots, Funnel

plots, and risk of bias tables.

2.8.3. Cross-sectional Study

This provides a snap-shot of the relationship between an exposure and other covariates of
interest in a population at any given point in time. In chapter 9 of this study, at the point of
insulin initiation, a comparative cross-sectional study was carried between two populations —

the UK insulin users population vs a local (Derbyshire) population of insulin users. Important
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baseline covariates were compared using t-test (for continuous) and chi-square test for
categorical covariates. These two populations were also compared based on their ability to

achieve certain NHS treatment targets.

2.8.4. Linear Regression Analyses

Linear regression models the association between a continuous outcome (e.g. change in HbAlc
level) and a continuous exposure (e.g. change in weight after one year of insulin initiation)
This can be shown with a scatterplot in which a predictive line can be fitted to predict the

relationship between the exposure and outcome. It follows the equation of a straight line:2

Change in HbAlc = a + change in weight x b

a and b are the regression coefficients
a is the intercept - the value of HbAlc change when weight-change is zero
b is the slope - the increase in HbAlc for 1 unit increase in weight-change

This shows that for a given value of weight-change one year after insulin initiation, a
corresponding expected change in HbAlc can be predicted. This model was applied in Chapter

4.

Linear regression analysis gives the t statistic, and the (Wald) P value for each regression
coefficient. This tests the null hypothesis which assumes a no (zero) relationship between the
exposure (weight-change) and the outcome (change in HbALc). Linear regression assumes that
a linear relationship exists between the outcome and exposure; and that the study outcome is
normally distributed for each value of the exposure. It also assumes that the outcome is

uniformly distributed and that each observation is independent.
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So to test these assumptions in analysing the data, a scatterplot was fitted and examined to
check if the association between the exposure and outcome (for example, change in weight (x)
vs change in HbAlc (y)) was approximately linear. This was found to be true. Secondly, to
check if the change in HbAlc (y) is normally distributed for each value of change in weight
(x); the “post-estimation” commands in Stata were used to assess if there is normal distribution
of the residuals. These were also noted to be true. Thirdly, | tested to see if the standard
deviation of y is the same for each value of x by plotting the residuals against y and checking
that the spread is constant across the range of values of x. This was also found to be true.
Finally, I used a scatterplot to assess if each observation is independent (that is, one point per

person) and this was found to be true..1¢

Change in weight (exposure) » Change in HbAlc (outcome)

N e

Baseline weight, diabetes duration, gender, insulin dose, etc

(Confounders)

Figure 2.5: A schematic representation of an adjusted regression model.

As shown in Figure 2.5 above, multiple linear regression allows for the inclusion of
confounding variable(s) into regression model in other to adjust for their effects. This process
begins first by conducting a univariate analyses to establish the crude or unadjusted measure
of the association between the exposure (change in weight) and the outcome (change in
HbA1c). This is followed by the one-by-one inclusion of the potential confounders into the
regression model, observing if the measure of effect changed (usually put at 10% change). The
covariates which changed the effect by 10% are finally included into the final regression model.

Though this method has been largely criticised by some statisticians who prefer the forced
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entry method over it, there are however debates on its appropriateness with divergent opinions.
This method was preferred and chosen for this study because it afforded me the opportunity to
measure the actual confounding strength of each potential confounder, and allowed only the
strong ones to be included in the final regression model. Also, it allowed for a test of interaction

with certain effect modifiers. Figure 2.5 is a schematic representation of an adjusted model.

2.8.5. Logistic Regression Analyses

Unlike linear regression, logistic regression is used for the analysis of studies which have a
binary outcome variable (e.g. proportion of people achieving a target HbAlc — yes or no). In
cohort studies, it can be used when binary outcomes are collected at specific time points
(proportion achieving a target HbAlc at 6, 12, 24, 36 months respectively) during the study

follow-up duration. This is the method applied in the third aim of the study in Chapter 5.

Logistic regression produces estimates of odds ratios (OR) and 95% confidence interval like
the traditional Mantel-Haenszel odds ratio. Its strength lies in its flexibility and ability to handle
enormous confounding variables for adjustment; interaction terms; and the inclusion of
continuous, binary or categorical exposure variables. Adjustment for potential confounders can

also be done here as described in the logistic regression section above.

2.8.6. Cox Regression Analyses

In cohort studies, participants are followed up people for a specified duration of time to through

time and find out who develops the outcome of interest or not. It measures the incidence of an
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outcome, usually expressed as a rate. For example, the incidence of new CV event in a

population with diabetes can be measured thus:

Rate = Number of new CV events

Total Person-time of diabetics at risk

This is presented as rates per 100 or 1,000 or 10,000 person-time. The person-time denotes the

‘at risk” period — the sum total of the period each participant is at risk of the outcome.

In longitudinal data, information is collected on the length of time participants are followed up
over time. One great advantage of Cox regression over linear, logistic or Poisson regression
models is that it does not make the assumption that incidence rates are constant over the study
period, or constant within some calendar-time periods or age bands. This is because the rates
of an outcome change rapidly over time. For example, the rate of CV events following insulin

use varies with the duration and dose of insulin used.

The Cox regression model is among a framework of analysis for time to event data known as
survival analysis. So, Cox regression model is used to analyse data where the outcome being
studied is the time till the occurrence of the event of interest because not all patients have an
actual survival time (time to occurrence of an event) during the study period. The beauty of the
Cox model is that it allows these censored patients to be included in the analysis. Secondly, it
is robust, flexible, powerful, and able to cope with very complex survival data with multiple

confounders, and handle many covariates and interactions.

The Cox proportional hazards model is used to compute hazard rates. It uses a conditional
likelihood procedure to take account of censored observations. It is also used to derive hazard

ratios in which the hazard rates in different exposure groups are compared. The Cox regression
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model is based on the hazard rate at time (t) in the follow-up period: h(t). The hazard rate can

change at any rate over time during the follow-up period, and does not need to be constant.

The following steps are involved in fitting a Cox regression model:

Survival analysis: This first step was developed to analyse the time to the occurrence of the
outcome of interest, death, and loss to follow-up or the censoring date. However, the fall
back here is that not all patients have an actual survival time (time to occurrence of an

event) during the study period but all patients have a follow-up time.

Kaplan-Meier plots: This second step in building a Cox regression model. It allows for
simple comparisons between the different study-groups using the log rank test which
provides a direct way of comparing survival curves. All of the survival times, whether exact
or censored, were used to compare treatment groups in the length of time after the start of
the cohort until the end. It is based on the calculations of survival probabilities and median
survival time throughout the study.

The log rank test is then used to compare the probabilities of survival within the entire
follow-up duration by computing the observed survival in the different treatment groups
and comparing these with the expected events if all treatment groups had similar survival.

Fitting the Cox model first for unadjusted and for adjusted measures of effect.

Hazard ratio (HR) is the ratio of the hazard rate of the event in the people exposure to the

treatment (e.g. INS + drug A) vs those not exposed (INS + drug B). Being a ratio, values > 1

indicate a higher hazard rate in the exposed group vs unexposed group. This implies that

survival is lower. Conversely, values < 1 indicate a lower hazard rate and higher survival.

Likelihood ratio tests (LRT) and Wald’s tests can be calculated for Cox proportional hazards

model to determine statistical significance while both categorical and continuous covariates
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can be included in the Cox model during adjustment to obtain an adjusted hazard ration (aHR)

with 95% confidence interval.
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2.9. Subgroup and Sensitivity Analyses
In studies where these were done, the analyses were described in details in their respective

chapters.

2.10. Statistical Software used:

Stata Software, V.14 1% and Revmann were the statistical software packages which were used
in this study’s analyses. Most calculations, graphs and tables were designed in excel

spreadsheets. Revmann was used for the meta-analysis and in designing the forest plots.

2.11. Limitations

One limitation of THIN database is that there are variable coding practices which lead to
variations in the quality and scope of the data within its participating practices. Similarly, there
are variations in the units of measurements, e.g. HbAlc is measured in mmol/mol in some
practices vs percentage (%) in others leading to confusion where the lower range of normal in
one, overlaps with the upper limits of the other. Another limitation is that some diagnoses of
diabetes were found not linked to any confirmatory tests and where these were not further

linked to any antidiabetic treatments, they were excluded from the study.

Also, some practices were unable to wholly systematically transfer their older paper-based
records to the electronic forms. Furthermore, selective inclusion of only diagnoses considered
important during this transition phase was noted. These have the potential of underestimating
the incidence of incidence of certain diseases (especially the rare ones). Conversely, some
events were overestimated due to double registration of patients following the inability to track

these patients as they transferred from one participating practice to another.
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In spite of these, THIN has been validated by several studies for several disease conditions and
shown to be representative of the UK demographics and disease patterns. This study is

adequately powered by the 19,808 participants in the dataset to provide a true treatment effect.

2.12. Ethical approval

It is mandatory in the UK that approval must be obtained from the Research Ethics Committee
(REC) for all researches conducted using data obtained from the NHS. Consequently, all
studies using the THIN database must go through the process of ethical application with the
National Research Ethics Service (NRES) whose major duties are to review studies and clinical
audit (data collection) projects which involve patients from several local areas. The Data
Collection Scheme of THIN was approved by the South-East Multicentre Research Ethics

Committee (SE-MREC), an arm of the NRES Committee.

For the studies involving this thesis, ethical approval was sought and obtained from the
Scientific Review Committee (SRC) of THIN. The ethical agreement incorporates all studies

done with this THIN dataset.

This document is attached in Appendix 1, section 1.8.
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Chapter Three: Comparison of Cardiovascular and Metabolic Outcomes
in people with Type 2 diabetes on Insulin versus Non-Insulin Glucose-
Lowering Therapies (GLTs) — A Systematic Review and Meta-analysis of

Clinical Trials.

3.1. Summary

Background and Aim

There is no conclusive evidence on the cardiovascular (CV) effects of insulin when used alone
compared to other glucose-lowering therapy (GLTs). Clinical trials did not show any consensus
pattern in outcomes. So, this study aimed to compare the CV and metabolic outcomes

associated with insulin versus non-insulin GLTSs.

Methods

RCTs which randomised patients aged >18 years with Type 2 Diabetes (T2D) to insulin vs
non-insulin GLT. | used risk ratios (RR), risk difference (RD) and odds ratios (OR) with 95%
confidence interval (95%CI) to analyse the treatment effects of dichotomous outcomes and

mean differences (with 95% CI) for continuous outcomes.

Results

Eighteen (18) RCTs with 19,300 participants were selected. There was no significant difference
in the risk of all-cause mortality and CV events between the groups (RR= 1.01; 95%CI: 0.96 -
1.06; p = 0.69). In 16 trials, insulin showed greater efficacy in glycaemic control (mean diff=

-0.20%; 95%CI: -0.28 to -0.11 but the proportion achieving HbAlc level of either <7.0% or
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7.4% (53 or 57mmol/mol) was similar in both (OR=1.55; 95%CI= 0.92 to 2.62). The non-
insulin group had a significant reduction in weight (mean diff = -3.41; 95%CI: -4.50 to -2.32)
and an increase in the proportion of adverse events (54.7% vs 45.3%, p= 0.044), but the insulin

group showed a 90% (RR= 1.90; 95%CI: 1.44 to 2.51) increase in the risk of hypoglycaemia.

Conclusion

There was no difference in the risk of all-cause mortality and adverse CV events between
insulin and non-insulin GLTs. Insulin was associated with superior reduction in HbAlc; least
reduction in weight and higher risk of hypoglycaemia. Both showed similar proportion of
patients achieving HbAlc target while the use of non-insulin GLTs was associated with a

higher risk in reported adverse drug events.

3.2. Introduction

For many patients with T2D, treatment intensification using additional antihyperglycaemic
agents is required in order to achieve optimal glycaemic control and prevent long-term vascular
complications.** 171 A variety of antihyperglycaemic agents are available but questions
regarding the long term safety and efficacy of some of these agents have been raised. In
addition, recent focus by international regulatory agencies on the cardiovascular safety profile
of commonly used antihyperglycaemic agentsi®> 172 have led to debate about the most

appropriate choice of therapy for treatment intensification.

Amidst this, exogenous insulin remains to be one of the most established glucose lowering
therapies availablel-18 and its use in people with T2D has grown markedly over recent years.

More recently however, the effectiveness and safety of insulin therapy has been a subject of
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intense discussion.1%-115.-178 Moreover, recent large epidemiological studies have reported
adverse CV outcome and increase mortality with insulin compared with non-insulin therapy.!*>
180 While the possible mechanism behind the observed the association between insulin and
adverse cardiovascular and metabolic outcomes and mortality remains unclear, it is

hypothesized that these may include, but not limited to, hypoglycaemia and weight gain.

Although insulin therapy is associated with HbAlc lowering, weight gain and increased risk of
hypoglycaemia, comparative analysis between insulin and non-insulin anti-diabetic therapy on
these parameters are currently not available. A systematic review of RCT on the CV safety of
insulin compared with non-insulin therapy has also not been reported. Thus, despite extensive
experience of the use of insulin in routine clinical practice, I contend that the safety and
efficacy of insulin has not been subjected to similar scrutiny in an adequately powered RCT

setting, as is currently required for new antihyperglycaemic agents.1%

| therefore aimed to compare the benefits and harms of Insulin versus non-insulin glucose GLT

as reported in RCT involving people with T2D.

3.3. Methods

3.3.1. Search Strategy

| searched the following electronic databases from January, 2005 to December, 2014: The
Cochrane Library, Ovid MEDLINE, EMBASE, and International Pharmaceutical Abstracts. |
also scanned the reference lists of the included clinical trials for studies that met our inclusion

criteria. The search terms used are in Figure 1 of Appendix 2.
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3.3.2. Study selection

With my then PhD senior colleague (Jil Mamza), | independently searched and screened the

titles of all studies to assess their relevance to this study in line with the inclusion criteria.

Inclusion Criteria: Clinical trials were included if they were ...

i.  Randomised.
ii.  Involved only adults (18 years and above) with type 2 diabetes.

iii.  Compared insulin with any non-insulin GLT irrespective of baseline GLT (so far as

the only difference between both groups is insulin).

iv.  Reported clinical outcomes as all-cause mortality, cardiovascular (CV) events
(Myocardial infarction, stroke, heart failure, and CV mortality) and metabolic

outcomes (e.g. glycaemic control, change in weight, and events of hypoglycaemia).
v.  Had an intervention period of at least 24 weeks. '8 182

vi.  Conducted within the past ten years (2005-2014). The last two decades have
witnessed unprecedented advancement in diabetes care and management with the
emergence of newer antidiabetic agents. So, the last decade was chosen to reflect
current trends in diabetes care and provide recent evidence that will further guide the

management of diabetes.

Exclusion Criteria
I. Unpublished and uncompleted trials

ii. Studies not published in English language.

Abstracts of the selected studies were then retrieved and reviewed thoroughly for inclusion in
line with the inclusion criteria. The full text copies of the trials that met the inclusion criteria
were then retrieved. Studies in persons with type 1 diabetes; without a clear protocol; with

mixed age groups; no clear drug-combinations or short follow-up duration (<24 weeks) were
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excluded. Where we differed with my colleague, the study supervisor’s consideration was the

final.

The finally selected studies were imported into Endnote referencing softwarel® where
duplicates from the different databases were removed. The flow chart graphically explains the

pathway to the selection of studies (Figure 3.1).

3.3.3. Data Extraction and Risk of bias assessment

Again, independently with Jil Mamza, | extracted data from the 18 selected studies which met
our inclusion criteria into a self-designed record form. These included basic study
characteristics as number of participants, gender, patients’ description, characteristics of the

trials, follow-up and outcome measures.

Using the Cochrane Handbook for Systematic Reviews of Interventions tool,% we
independently assessed the risk of bias and quality of each included trial according to the
following domains: allocation sequence, allocation concealment, blinding (of participants,
personnel and outcome assessors), incomplete outcome data, and selective outcome reporting
and other sources of bias as funding of trials and drug quality. The trials were classified as low,

high or unclear risk of bias.

Primary Outcomes
i. All-cause mortality and

ii.CV events (defined as CV mortality, non-fatal myocardial infarction (MI), non-fatal
stroke and heart failure).
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Secondary outcomes

i. Metabolic outcomes as glycaemic control (defined by the mean reduction in HbAlc
and the proportion of patients attaining a target HbAlc level); and mean reduction in
weight.

ii. Episodes of hypoglycaemia and

iii. The number of reported adverse drug events.

3.3.4. Statistical Analyses:

The extracted data were entered into Microsoft excel document and exported into The Review
Manager Software version 5.3 which | used for all statistical analyses. For continuous
outcomes (changes in HbAlc and weight), 1 computed the mean differences between both
treatment groups. In doing this, | entered the actual mean differences from the analyses where
these were provided in the trials and where not available, | computed the mean differences from

the mean values recorded in the included trials.

Q-test and 12 statistics were used to test for heterogeneity between the trials. A cut off of 12>
50% was used to define heterogeneity. Where 12 was > 50%, the random model was used and

where there is no significant heterogeneity, the fixed model was used.18

Risk Ratios (RR) or Odds Ratios (OR) with 95% confidence interval (95%CI) were used as the
summary statistics for dichotomous variables (All-cause mortality; CV-outcomes; proportion
of participants attaining the target HbAlc levels; risk of hypoglycaemia; and number of
reported adverse events). These were derived from the number of events and the total number
of participants in each treatment group. For continuous variables, weighted mean difference
and 95% CI was used to summarise the data. Studies with missing data for any outcome were

not included in the meta-analyses.
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| performed subgroup analyses for the secondary outcomes of mean reduction in HbAlc and
weight to assess if there are significant differences in the estimates according to the class of
drugs in the non-insulin arm using a test of interaction. | also tested for interaction according
to risk of bias. Finally, I used the funnel plot and Egger’s test to detect the possibility of

publication bias in the included trials in our meta-analysis.

All results were presented in tables, flow chart, forest plots, funnel plots, and bias tables.

The review protocol was registered in PROSPERO (http://www.crd.york.ac.uk/PROSPERO/)

with the registration number CRD42015024559. The subgroup analysis for weight and addition

of a secondary outcome of reported adverse events were not captured in our original protocol.
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3.4.Results:

3.4.1. Literature Search Results:

From the electronic searches, 2,445 papers were identified from the databases (Figure 3.1).
Following the exclusion of duplicate reports and review of the titles, 2,172 were dropped. After
abstraction, 28 citations were selected and their full papers retrieved. Further 10 studies were
removed because two had no clearly defined intervention and comparator groups, one was
published in Danish; another involved people with both type 1 and 2 diabetes while one was
amongst cystic fibrosis patients; two were single arm and/or non-randomised; another had more
than two comparator arms; one study compared different types of insulin versus altering insulin

doses; another measured quality of life (QOL) as its outcome.

Though the ORIGIN trial was not very clear on the specific drugs in its standard care arm,2Z
this large trial which explore CV risks was included in our meta-analysis based on the
consistency of the use of Insulin Glargine in its insulin arm and to a large extent, the high
probability of not including insulin in its standard care arm. Similarly, though DIGAMI-2
trial'® had three arms, it was chosen because the insulin and non-insulin arms were clearly
defined and outcomes compared between these two. Finally, 18 clinical trials®”- 181, 182, 185199

were selected for meta-analysis (Figure 3.1).
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Citations identified through electronic
search of databases

® Cochrane (1009)
a EMBASE, MEDline and IPA™ (1429)
= From refrences of published papers (7)

2172 citations dropped

& Titles not relevant
& Non-RCTs
2445 citations selected I e Duplicates

245 abstracts excluded

& Triais without drugs of inferest

& Trials comparing doses of Insulin

& Trials involving Type 7 DM

& Mot published in Engiish

273 abstracts screened — | & Fulitexts not retricved (Conference abstracts)

5 full-text articles excluded

® Quicome is cystic Tibrosis (1)

& COmparisons on drugs of non-interest (2)
28 Full-text articles & FuUil'fesd published in Danish (1)

assessed for eligibility | = imvolved both Type 1 and 2 DM patients (1)

5 excluded

& Singie-arm comparison (1)

& Non-randomised (2)

23 Studies included in ® [nsuiin therapy in both arms (2)
gqualitative synthesis — | e Cufcome s Quality of life (1)

18 trials included in
quantitative synthesis
{Meta-analysis)

Figure 3.1: Flow Chart of Study Identification and selection
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3.4.2. Baseline Characteristics:

A total of 19,300 participants were involved in the selected 18 RCTs in which 9476 were
randomised to insulin and 9351 to non-insulin GLT. Table 3.1 below describes the baseline
pre-trial characteristics of the trial participants. Majority (68.8%) of these trials compared
insulin with GLP-1RA (mostly exenatide), other comparators were DPP-4 inhibitors (12.5%),
thiazolidinediones (12.5%) and metformin (6.2%). Insulin glargine was used in 12 (68.8%)
trials while Insulin NPH, lispro and degludec were used in one trial each. Eight trials compared
Insulin glargine and Exenatide.186 187, 189-192,195,196 The trial duration ranged from 24 weeks to
6.2 years. The mean age range of participants was 53.6 to 61.2 years. Also, the mean baseline
HbA1c range was 7.6 to 9.7%; BMI: 28.8 — 34.1kg/m?; and diabetes duration: 4.5 to 11.5 years

(Table 3.1).

In Table 3.2, the specific details of the trials- the treatment arms and a few outcome measures

of interest- were highlighted
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Table 3.1: Baseline Characteristics of Included Trials

Diabetes

] No¥ e Population Trial drugs Age duration Ao e WL UTEL
Trial F(%) P g (yrs) ors) (%) (Kg)  (Kgm?) duration
Insulin glargine
Aschner et al in_nai ; ;
181 515 49 Insulin-naive T2D patients taking only Vs 53.6 (8.8) 4.5 . 8.5(1.1) 83.8* 31.1(4.9) 2awks
(2012)=%2 metformin with HbA1c>7% and <11% Sitagliptin (1.9-8.2) (18.2)
Insulin NPH
Barnett et al ; ; 60.4 9.2 80.1 28.8
427 47 T2D sulphonylurea (SU) failures with VS . L 97(1L1) . N 24wks
(2006)182 HbA1C 8-12%. Metformin (35-79)*  (0.5-37.3) (50-136) (20-57)
Barnett et al T2D aged >30yrs on Metformin Insulin glargine
186 138 53  (MET)* SU failures with HbAlc >7% Vs 54.9(0.8) 7.4(0.4) 9.0(0.1) 84.8(1.4)  31.1(0.4) 32wks
(2007)== and <11%, BMI>25 and <40kgm2 and Exenatide
varying body weight
Bunck et al MET-treated T2D at a stable dose for 2 Insulin glargine
(2000)27 69 35 months and no other GLTs 3 months Vs 58.4(14)  57(0.8)  7.60.1  924(24) 301(06)  52wks
prior to screening. Exenatide
. T2D >1yr duration; HbAlc >7.5 and Insulin g|argine
D’Alessio et al 2.
! 188 798 46 <12%; BMI: 25-40kgm on MET Vs 57(9) 9(6) 9.0(1.1) 90.5(16.7) 31.9(4.2) 24wks
(2014)=== (321g/dar1]y) + SU or Glinides or DPP-4i > Liraglutide
months
Davies et al T2D with BMI>27kgm2 and elevated Insulin glargine
(2000150 235 32 cardiovascular risk, inadequately vs 56.5(9.1)  87(45)  865(0.7) 99.5(18.3) 34.1(5.3)  26wks
controlled on 2-3 oral GLTs. Exenatide
Davies et al T2D adults not achieving adequate Insulin detemir
(2013)129 222 34 glycaemic control using MET or vs 58.5(10)  7.5(55)  836(0.9) 97.3(164) 33.7(47)  26wks
MET+SU Exenatide
de Wit et al Insulin-users with T2D with weight gain Insulin
(2014)1%2 50 38 >49% following <16months insulin s 58 (9) 8(6.1) 7.40.7)  100(19.3)  34(7) 26wks
therapy, HbAlc: >6.5 and <8%. Liraglutide
Diamant et al i i
010152 456 47 nsulin glergine  5g9.5) 79(6)  83(11)  90.9(175)  32(5) 26wks
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Diamant et al
(2012)122

Diamant et al
(2014)1%

DIGAMI-2
(2011)18>

Dorkhan et al
(2009)124

Heine et al
(2005)122

Matyjaszek-
Matuszek

(2013)126

ORIGIN
(2012)Z2

Tsimikas et al
(2013)1%7

Rosenstock et al
(2006)328

467

510

1253

30

549

80

12537

458

219

NR

52

33

34

44

56

41

49

Adult T2D with suboptimum glycaemic
control despite use of max tolerated dose
of GLTs > 3months

Adult T2D who failed to maintain
adequate glycaemic control with MET
alone or MET+SU

T2D patients treated with insulin
glargine and MET+SU, HbAlc: 7-19%
and BMI: 25.0kgm2

T2D patients with suspected acute
myocardial infarction

T2D patients with inadequate glycaemic
control with MET+SU

T2D patients with inadequate glycaemic
control (HbAlc: 7-10%) with MET+SU

T2D adults (30-70yrs), stable on optimal
doses of MET+SU >3months, and
BMI:25-45kgm?

Outpatients with cardiovascular risk
factors and T2D or IFG and IGT

Insulin-naive T2D (>6mths), HbAlc: 7-
11%, BMI<40kgm?, treated with 1-2
non-insulin GLTs.

Insulin naive, >18yrs T2D without CV
risk factors, on MET and SU 3 months
and above

Exenatide

Insulin glargine
Vs
Exenatide

Insulin lispro
Vs
Exenatide

Insulin (INS)
Vs
INS +Non-INS
GLTs
Vs
Non-insulin GLTs
Insulin glargine
Vs
Pioglitazone
Insulin glargine
Vs
Exenatide

Insulin glargine vs
Exenatide

Insulin glargine
Vs
Standard Care

Insulin degludec
Vs
Sitagliptin
Insulin glargine
Vs
Rosiglitazone

NR#

59.5(9.5)

68.3(10.9)

61.2(7.7)

58.9(9.2)

60(9.0)

63.6(7.8)
63.5(7.9)

56(10.8)

55.6(11)

NR

11.5
(8-17)*

8.14(8.4)

10.3(6.8)

9.6(5.9)

8.4(5.14)

5.5(6.1)
5.3(5.9)

7.7(6.0)

8.3(5.45)

8.3

8.3(1)

7.68(1.7)

8.2(1.5)

8.3 (1.0)

7.9(0.9)

6.4
(5.8-7.2)*

8.9(1.0)

8.8(1.0)

NR

90.1(16.9)

NR

NR

87.9(17.4)

85.7(16.7)

83.3(16.8)
83.1(17.3)

85(19.6)

NR

NR

32.5(4.7)

28.3(4.6)

31.2(5.8)

31.4(4.5)

32.5(4.82)

29.8(5.2)
29.9(5.3)

30.4(5.2)

34.(6.7)

84wks

30wks

2.1 years
(with a
median

follow up of
41-8.1
years)

26wks

26wks

26wks

6.2 years

26wks

24wks

*Median and Interquartile range. *NR= Not Reported. fPopulation at the beginning of the trial. *F= Females (Percentages approximated to the nearest whole number)
DIGAMI-2: Diabetes Mellitus Insulin-Glucose Infusion in Acute Myocardial Infarction, ORIGIN: Outcome Reduction with an Initial Glargine Intervention
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Table 3.2: Trial Interventions and Outcome measures

Trial Design Type Total® Intervention Baseline Trial regime (dosage) Outcome
groups antidiabetics Insulin Comparator drug measuresP
Aschner et  Randomised, Insulin glargine (250) Subcutaneous dose of 0.2 unit/kg  Sitagliptin 100mg daily orally. HbAlc
al (2012)481  Open-label, 515 Vs Metformin to attain fasting plasma glucose of Weight
Parallel-arm, Sitagliptin (265) 4.0-5.5mmol/L and increased or Hypoglycaemia
Controlled trial decreased by 2units respectively at 6months
when below or above this range
Barnettet = Randomised, open- Inhalation (INH) in 1- and 3-mg 1g twice daily Change in
al (2006)182 label, parallel arm, 427 Insulin NPH(225) Sulphonylurea  dose blister packs HbAlc
Controlled trial Vs
Divided into two arms Metformin(202)
(HbAlc <9.5 and >9.5)
before randomisation.
Barnettet  Randomised, Insulin glargine (70) Metformin +/-  Once daily at bedtime targetinga  5ug BD for the first 4 weeks HbAlc,
al (2007)188 Open-label, 138 Vs Sulphonylurea  fasting serum glucose level and 10pg thereafter. Then Weight
Crossover, Exenatide (68) <5.6mmol/L for 16 weeks, then switch over to comparator after ~ FPG!
Controlled trial switch over to comparator after 16weeks
16weeks
Initial dose of 10 IU to attain a Initiated dose of 5 ug BD for 4
Bunck etal Randomised, Insulin glargine (33) glucose level of 4.5 and 5.5 weeks followed by 10 ug BD, B-cell function,
(2009)18Z Open-label, 69 Vs Metformin mmol/L increased or decreased by titrated to a max dose of 20 ug.  HbAlc,
Parallel-arm, Exenatide (36) 2 units when above or below this Body weight
Controlled trial range respectively
D’Alessio et  Randomised, open- Insulin glargine (489) Adjusted (titrated)every 3 daysto  0.6mg once daily increased to HbAlc
al (2014)188 label, Parallel-arm, Vs Metformin +/-  target a fasting plasma glucose of  1.2mg and 1.8mg daily weekly ~ Weight
Controlled trial with a 798 Liraglutide (489) Sulphonylurea  4.0-5.5mmol/L according to response. Hypoglycaemia

24-wk extension phase

with crossover
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Davies et al
(2009)120

Davies et al
(2013)182

de Wit et al
(2014)122

Diamant et
al (2010)122

Diamant et
al (2012)31

Diamant et
al (2014)3

DIGAMI-2

Randomised,
Open-label
Parallel-arm,
Controlled trial

Randomised,
Open-label
Parallel-arm,
Controlled trial

Randomised,
Open-label
Parallel-arm,
Controlled trial

Randomised
Open-label
Controlled non-
inferiority trial

Randomised
Open-label
Parallel-arm,
Controlled trial

Randomised
Open-label
Controlled non-
inferiority trial

Randomised
Open-label

Insulin glargine (117)

Exenatide (118)

Insulin detemir (105)

Exenatide (111)

Liraglutide (26)
Insulin glargine (223)

Exenatide (233)

Insulin glargine (234)

Exenatide (233)

Insulin Lispro (312)

Exenatide (315)

Insulin (474)

Metformin,
Sulphonylurea,
Thiazolidinedio
ne

Metformin +/-
Sulphonylurea

Metformin +/-
Sulphonylurea

Metformin +/-
Sulphonylurea
And others

Metformin +/-
Sulphonylurea

Insulin glargine
and metformin

Not described
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Initial dose of 101U/day and
titrated weekly to target FPG
level <5.6mmol/L

Insulin determir once or twice
daily, titrated to FPG level
<5mmol/L

Standard therapy (continuation
and intensification of insulin
therapy without Liraglutide)

Once daily injection, starting does
101U, target glucose range
between 4.0-5.5 mmol/L

Once daily (101U/day

Thrice daily meal time dose
titrated to pre-meal glucose of
5.6-6mmol/L.

5ug BD for the first 4 weeks
and 10 pg BD for the remainder
of the study.

2mg subcutaneous once weekly

1.8mg/day

2mg once a week injection

2mg once weekly

5ug BD for the first 4 weeks
and 10pg thereafter.

HbAlc
Hypoglycaemia
Weight

-Proportion of
achieving
HbAlc
<7mmol/L and
weight >1.0kg
-HbAlc
-Hypoglycaemia

HbAlc
Body weight

HbAlc
Weight gain

-Proportion of
patients
achieving
HbAlc <7.0
-Change in
HbAlc

HbAlc
Weight
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(2011)182

Dorkhan et
al (2009):24

Heine et al
(2005)122

Matyjaszek-
Matuszek et

al (2013)16

ORIGIN
(2012)22

Philis-
Tsimikas et
al (2013)17

Rosenstock
et al

(2006)28

Blinded evaluation trial

(post hoc analysis)

Randomised
Open-label
Controlled trial
(pilot study)

Randomised
Open-label
Parallel-arm,
Controlled trial

Randomised
Open-label
Parallel-arm,
Controlled trial

Randomised
Open-label
Multi-centre trial

Randomised, open-
label, parallel arm,
Controlled trial

Randomised, open-
label, parallel arm,
Controlled trial

30

549

80

12,537

458

219

INS + Non-INS GLT
(473)
Vs
Non-INS GLT (304)

Insulin glargine (15)
Vs
Pioglitazone (15)

Insulin glargine (267)
Vs
Exenatide (282)

Insulin glargine (40)
Vs
Exenatide (40)

Insulin Glargine
(6264)
Vs
Standard care (6273)

Insulin degludec
(229)
Vs
Sitagliptin (229)

Insulin glargine (105)
Vs
Rosiglitazone (112)

Metformin and
Sulphonylurea

Metformin and
Sulphonylurea

Metformin and
Sulphonylurea

Glucose-
lowering
therapies(GLTSs)

1-2 OADs
(only among
metformin, SU,
Glinides or
Pioglitazones)

Metformin and
Sulphonylurea

Short-acting insulin before meals
and intermediate/long-acting
insulin in the evening after 24-hr
infusion of insulin and glucose.

Insulin was up-titrated to achieve
fasting plasma glucose <6mmol/I

1 daily dose titrated to FPG level
of less than 5.6mmol/L
(<100mg/dl)

10lU/day titrated with 21U every
3 days (if needed) to achieve FPG
<5.6mmol/L

Insulin glargine

101U once daily titrated (if
needed) to achieve FPG
<5.0mmol/L

10units/day for 7 days with forced
titrated to target FPG <5.5-6.7
mmol/L (<100-120MG/dl)

Standard non-insulin GLTs
given by a physician according
to local routines after a 24-hr
ins-glucose infusion.

Increased to 45mg/day after 16
weeks if HbA1c>6.2%

10 pg/day twice daily

5ug BD for 4 weeks, later
increased to 10ug BD for the
remaining trial period

GLTs mainly metformin and
sulphonylurea but never
including Insulin glargine

100mg orally once daily

4mg/day. Increased to 8mg/day
any time after 6 weeks in FPG
was >5.5mmol/|

Risk of all-cause
mortality and
CV events
(including CV
death)

HbAlc,
BMI

HbAlc,
Weight

HbAlc
Body weight

CV events
(including CV
mortality)
Weight

HbAlc

HbAlc,
Weight
Hypoglycaemia

aTrial no: This includes only persons randomised to a treatment group
PG: Fasting Plasma Glucose;
bThe list is not exhaustive. Only the outcome measures of interest were listed.
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3.4.3. Bias Risk Assessment:

All the trials showed high risk of performance and detection bias. This is because all the trials
were open-label with no blinding of participants and assessors except only one trial which
reported blinding of assessorsi?2. Conversely, the risk of selection bias was low for all trials
except one pilot study?* in which no random sequence was generated nor allocation concealed.

The risk of attrition, reporting and academic biases were low in all the included trials (Figure
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Figure 3.2: Risk of bias summary showing the judgements about each risk of bias item
for each included study.
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3.4.4. All-Cause Mortality and Cardiovascular (CV) Events:

The primary outcomes of all-cause mortality and CV events were only reported by two trials
involving a total of 13,317 participants in which 6738 were randomised to insulin and 6579 to
the non-insulin arm (Figure 3.3). | found no significant heterogeneity between the studies for
any of these outcomes (x2 = 3.53, p = 0.47, 1> = 0%). A total of 5,546 composite events were
reported (2836 vs 2710). There was no significant difference in the risk of All-cause mortality

and CV events between both treatment groups (RR=1.01; 95%CI: 0.96 - 1.06; p = 0.69).

Risk of All-Cause Mortality: A total of 2,158 all-cause deaths occurred in the two included
trials (1104 vs 1054). There was an equal risk of all-cause mortality between the two treatment

arms (RR=1.00; 95%Cl: 0.93 - 1.08; p = 0.97) (Figure 3.3).

Risk of Cardiovascular Events: In Figure 3.3, the meta-analysis showed no significant
difference in the risk of cardiovascular deaths in both treatment arms in the two trials which
reported CV deaths (n= 1319; RR= 1.02; 95%CI: 0.92 - 1.13; p = 0.65). There was no
heterogeneity among these studies (p= 0.69). A total of 735 events of non-fatal myocardial
infarction were reported with a risk ratio of 1.07 (95%CI: 0.93 — 1.24; p = 0.32). Similarly, no
significant difference was observed in the risk of non-fatal stroke (n = 663; RR= 1.04; 95%ClI:

0.90 - 1.21; p = 0.56) and heart failure (n= 671; RR=0.90; 95%CI: 0.77 - 1.04; p = 0.15).

I could not detect any evidence of publication bias in these trials in the meta-analysis for the
risk of CV events. The funnel plot (Figure 3a, Appendix) and the Egger’s test to detect any

asymmetry in the funnel plot yielded no significant finding (p-value = 0.285).
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Insulin Non-Insulin Risk Ratio Risk Ratio
Study or Subgroup  Events  Total Events Total Weight I, Fixed, 95% Cl Year I, Fixed, 95% CI
1.1.1 All-Cause Mortality
ORIGIN, 2012 951 6264 956 306 Mot estimahle 2012
DIGAMI-2, 2011 951  B264 965 G273 35.4% 099[0.91,1.07 2011 1
Subtotal (95% Cly 12528 6579 38.4% 0.99 [0.91, 1.07]
Total events 1802 1921

Heterogeneity: Mot applicable
Testfor overall effect Z=031 {P=0.75)

1.1.2 Cardiovascular Deaths

ORIGIN, 2012 580 6264 7H 6273 21.6% 1.01[0.80,1.13] 2012 -1
DIGAMI-2, 2011 104 474 59 306 32% 1.14[0.86,1.51] 2011 T
Subtotal (95% CI) 6738 6579 24.8% 1.02[0.92, 1.13] S

Total events 634 G35

Heterogeneity: Chi®= 0.60, df=1 (P =0.44);, F= 0%
Testfor overall effect; Z= 046 (P = 0.65)

1.1.3 Non-Fatal Myocardial Infarction

ORIGIN, 2012 336 6264 319 BT 11.F%  1.05[0.91,1.23 2012 e
DIGAMI-2, 2011 53 474 27 306 1.3% 1.27[0.82,1.87] 2011 —
Subtotal (95% Cly 6738 65790 13.1% 1.07 [0.93, 1.24] -
Total events 284 346

Heterogeneity: Chi®= 0.60, df=1 (P =0.44); F= 0%
Testfor overall effect: Z=1.00{P=032)

1.1.4 Non-Fatal Stroke

ORIGIN, 2012 331 6264 319 B2T3 11.6% 1.04[0.89,1.21] 2012 e

DIGAMI-2, 2011 ] 474 4 306 0.2% 1.45[045 468 2011 >
Subtotal (95% Cly 6738 6579 11.8% 1.04 [0.90, 1.21] .

Total events 340 323

Heterogeneity: Chi®=0.31, df=1 {P =0.58); F=0%
Testfor overall effect: Z= 0.58 (P = 0.56)

1.1.5 Heart Failure

ORIGIN, 2012 310 6264 343 B2T3 11.7% 0.91[0.78,1.08] 2012 I
DIGAMI-2, 2011 ] 474 9 306 0.3% 0.65[0.26,1.61] 2011 +

Subtotal (95% Cly 6738 6579 12.0% 0.90 [0.77, 1.04] -l
Total events 34 352

Heterogeneity: Chi*= 051, df=1 {P=047); F=0%
Testfor overall effect Z=1.44 (P=015)

Total (95% CIy 39480 32895 100.0% 1.00[0.95, 1.06] L 2
Total events 3634 3877

Heterogeneity: Chi®= 574, df= 8 (P = 0.68);, F=0%

Testfor averall effect: Z= 010 (P =052}

Testfor subaroup differences: Chif= 371, df= 4 (P =0.45), F= 0%

05 0y 15 2
Favours Insulin Favours Mon-lnsulin

Risk of all-cause mortality and Cv events

Figure 3.3: Forest Plot showing the risk of all-cause mortality and CV events between

insulin and non-insulin treatment groups

3.4.5. Glycaemic Control

Mean Changes in HbAlc level: Only 16 of the 18 trials (N=5201) reported mean changes in
HbA1c in both treatment groups. Of these, three trials*®”- 190 198 reported only the mean changes
in each arm. So, | computed the mean difference between both treatment groups, using the
mean difference of each arm. Overall, insulin showed a statistically significant greater efficacy

in glycaemic control compared to non-insulin GLTs (n=5201, mean difference= -0.20%;
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95%Cl: -0.28 to -0.11; heterogeneity 1= 88%; p<0.00001) (Figure 3.4). Tests of interaction

showed no significant difference between the trials based on the risk of bias (p= 0.61).

Figure 3.4 shows the comparison between insulin and different drug groups of the non-insulin
arm. There was a significant heterogeneity between the subgroups. Tests of interactions
showed significant subgroup differences according to the drug groups in the non-insulin arm
(1> = 84.3%; p = 0.0003). With the GLP-1 analogues, 11 trials, involving 1,796 and 1,821
participants in the insulin and GLP-1RA arms respectively, showed that insulin was associated
greater glycaemic efficacy (n=3,617 mean difference= -0.13; 95%CI: -0.21 to -0.05;
heterogeneity 1>= 79%; p<0.001) compared to GLP-1 analogues. Only two trials with a total
of 247 participants compared the Thiazolidinediones (127) with Insulin (120). The two trials
showed no heterogeneity between them (p=0.57). Insulin showed greater glycaemic efficacy
compared to the TZDs (n=247, mean difference= -0.17; 95%CI: -0.30 to -0.05; heterogeneity
12= 0%; p<0.007). Two trials compared the DPP4 inhibitors with insulin. Compared to DPP4
inhibitors, insulin showed greater reduction in HbAlc (n=452, mean difference=-0.52; 95%Cl:
-0.67 to -0.36; heterogeneity 1>= 34%; p<0.00001). One trial compared biguanides (metformin)
to insulin and showed the superiority of insulin in glycaemic control (n=214, mean difference=

-0.22; 95%Cl: -0.39 to -0.05; p = 0.01).

Proportion achieving a target HbAlc level: Ten trials with a total of 4,107 participants
reported the proportion of patients achieving a target HbAlc level. In nine, the target was 7.0%
(53mmol/mol) while one2® had 7.4% (57mmol/mol) as its target. The included trials showed
a significant heterogeneity (1> = 93%, p <0.00001) but showed no significant difference

between insulin and non-insulin groups in achieving a glycaemic control level of < 7.5% (n=

4107; OR= 1.55; 95%CI = 0.92 to 2.62; Heterogeneity 12 =93%; p=0.10) (Figure-3.5).

88



Chapter 3: Insulin vs. Non-Insulin GLTs — Systematic Review and Meta-analysis

Insulin  Non-Insulin Mean Difference Mean Difference
Study or Subgroup Mean Difference SE _ Total Total Weight IV, Rand 95% €1 Year I, Rand 95% Cl
1.5.1 GLP-1 Analogues
de Wit et al 2014 -0.74 0.168 24 26 38% -0.F4[1.07,-041] 2014 &——————
D'Alessio etal 2014 -0.15 0.066 489 489  71% -0.15[-0.28,-003) 2014 E—
Diamantetal 2014 -0.04 0.077 247 263 6Y%  -0.04[019,011] 2014 I —
Davies etal 2013 -0.42 0107 1048 111 9.6% -0.42[0.63,-0.21] 2013
Matyjaszek-Matuszek et al 2013 -0.07 0188 40 40 3.8% -0.07 [-0.40,0.26] 2013 I
Diamantetal 2012 -0.18 0.082 223 233 658% -0.18[0.34,-0003 2012 —
Diamantetal 2010 -0.16 0.082 220 228 68%  -016[032,000 2010 E—
Davies et al 2009 -0.01 0.005 102 98 8.4% -0.01 [0.02,-0.00] 2009 1
Bunck etal 2009 -0.08 0.041 33 36 7.8% -0.08[0.16,0.00] 2009 —
Barnett et al 2007 -0.01 0.082 70 68 6.5%  -0.01[017, 018 2007 I ——
Heine etal 2005 -0.017 0.071 243 229 6.9% -0.02[016,012] 2005 T
Subtotal (95% Cly 1796 1821 69.5% -0.13[-0.21, -0.05] <

Heterogeneity: Tau®= 0.01; Chi®= 48.03, df=10 (P = 0.00001), F=73%
Testfor overall effect Z=3.20 (P = 0.001)

1.5.2 Thiazolidinediones

Darkhan et al 2009 -0.23 017 14 18 53% -0.23[046,-0.00] 2009

Rosenstock et al 2006 -0.15 0,077 108 112 B.7% -0.148 [-0.30, 0.00] 2006 -]
Subtotal (95% Cly 120 127 11.9% -0.17[-0.30, -0.05] -
Heterogeneity: Tau®= 0.00; Chi*=0.33, df=1{P=0.57); F= 0%

Testfor overall effect Z=2.71 (P = 0.007)

1.5.3 DPP4 Inhibitors

Philis-Tsimikas et al 2013 -0.43 0.097 2248 222 6.0% -043[0.62-0.24] 2013

Aschneretal 2012 -0.59 0.087 217 253 B6.3% -0458[0.76,-042] 2012 E——

Subtotal (95% Cly 452 475 12.3% -0.52 [-0.67, -0.36] e
Heterogeneity: Tau®= 0.00; Chi*=1.51, df=1{P =022, F= 34%

Testfor overall effect Z=6.46 (P = 0.00001)

1.5.4 Biguanides

Barnet et al 2006 -0.22 0.087 214 196 6.3% -0.22[-0.39,-0.05] 2006 —
Subtotal (95% Cly 214 196  6.3% -0.22[-0.39,-0.05] .
Heterogeneity: Mot applicable

Testfor overall effect Z=2.53 (F =0.01)

Total (95% Cly 2582 2619 100.0% -0.20[-0.28, -0.11] <

Heterogeneity: Tau®= 0.02; Chi*=121.36, df= 15 (P < 0.00001}); P= 88%
Testfor overall effect Z=4.50 (P = 0.00001)
Testfor subgroup differences: Chi®=19.14, df= 3 (P =0.0003), F= 84.3%

05 025 0 025 04
Favours Insulin Favours Maon-Insulin

Reduction in mean Hoalc (%)

Figure 3.4: Forest plot for the mean change in HbAlc (%) between insulin and non-
insulin treatment groups, stratified by the different drug classes of the non-insulin arm.

Insulin Non-Insulin Odds Ratio (Non-event) Odds Ratio (Non-event)
Stuidy or Subgroup Events Total Fvents Total Weight IV, Random, 95% Cl  Year ¥, Random, 95% Cl
de Wit etal 2014 T 24 19 26 69% 6.59 [1.92, 72 67] 2014 —
D'Alessio et al 2014 226 467 210 458 109% 090[0.70,1.17] 2014 -
Diamant et al 2014 57 M7 117 263 106% 267 (182,397 2014 -
Philis-Tsimikas et al 2013 94 229 64 229 105% 0.56[0.38,0.82] 2013 -
Davies etal 2013 12 105 43 111 93% 6.13[3.02,12.44] 2013 —_—
Diamant et al 2012 72 196 87 194 105% 1.40[093,210] 2012 =
Aschner et al 2012 152 224 104 248 106% 0.34[0.23,050] 2012 -
Diamant et al 2010 101 212 129 216 106% 1.63[1.11,239] 2010 -
Davies etal 2009 23 116 63 118 98% 463[259,829] 2009 —
Bamet el al 2006 54 222 45 202 10.3% 0.89[0.57,1.40] 2006 ™
Total {95% CIy 2042 2065 100.0% 1.55[0.92, 2.62] @
Total events 798 887
Heterogeneily. Tau®= 0.63; Chi*= 131.26, df= 9 (P < D.00001), F= 93% 0.005 01 0 200

Testfor overall efiect. 7= 1.66 (P = 0.10) Favours Mon-Insulin  Favours Insulin

Proportion achieving HbAlc target

Figure 3.5: Forest plot for the proportion attaining target HbAlc between the treatment
groups.
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3.4.6. Changes in Weight:

A total of 16 trials with 17,795 participants reported mean changes in weight. One trial*
reported mean change in BMI and was excluded in this meta-analysis. The non-insulin group
had a significant reduction in weight from baseline to the endpoint than the insulin group (n=

17,795; mean diff = -3.41kg; 95%CI: -4.50 to -2.32; Heterogeneity 1> = 100%; p < 0.0001).

There was a significant interaction between the subgroups of the non-insulin (p < 0.00001). A
mean weight reduction of 4.23kg was observed in the GLP-1 analogues compared to insulin
(n= 3704, mean diff = -4.23; 95%CI: -4.79 to -3.67; Heterogeneity 1> = 90%; p < 0.00001). In
the only trial involving the TZDs, insulin showed a mean reduction of 1.4kg in weight
compared to rosiglitazone (n= 217; mean diff: -1.40; 95% CI: -1.29 to -1.51; p < 0.00001). On
the contrary, the DPP4 inhibitors showed a significant reduction in weight (n=927; mean diff
= -2.10; 95%CIl: -3.31 to -0.89; Heterogeneity 12> = 100%; p = 0.0007) compared to insulin;
while the metformin group showed a mean weight reduction of 0.1kg compared to a mean
weight gain of 3kg by the inhaled insulin- Exubera (n= 410; mean diff = -3.14; 95%CI -3.71
to -2.57; p < 0.00001). Finally, the standard care arm of the ORIGIN trial showed a mean
weight reduction of 2.10kg compared to the insulin glargine arm (n=12,537; mean diff: -2.10;

95%CI: -2.11 to -2.09; p < 0.00001 as shown in Figure 3.6.
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Insulin  Non-Insulin Mean Difference Mean Difference
Studhy or Subgroup Mean Difference SE  Total Total Weight I, Rand 95% €1 Year I, Rand 95% Cl
1.3.1 GLP-1 Analogues
Diamantetal 2014 -4.6 0.357 32 314 6.3% -4.60[-5.30,-3.90] 2014 -
CrAlessio etal 2014 -4.9  0.245 489 489 G.4% -4.90[-5.36,-4.42] 2014 -
de Wit etal 2014 -5.2 06 24 26 5.7% -5.20[-6.80,-3.60] 2014 —
Davies etal 2013 -35 0459 105 111 B.2% -3.50 [-4.40,-2.60] 2013 i
Matyjaszek-Matuszek et al 2013 -35  0.663 40 40 59% -3.50[-4.80,-2.200 2013 e
Diarmantetal 2012 -45 0281 223 194 B.3% -4.50[-5.05,-3.95] 2012 -
Diarmantetal 2010 -4 0281 220 233 B.3% -4.00[-4.55-3.458] 2010 -
Bunck et al 2009 -4.6 0133 33 36 6.4% -4.60 [-4.86,-4.34] 2009 -
Davies etal 2009 -5.7  0.444 102 100 6.2% -5.70[-6.57,-4.83] 2009 I
Barnett et al 2007 -2.2 0.255 7o [t B.3%  -2.20[-2.70,-1.70] 2007 -
Heine et al 2005 -4.1 0308 243 231 B3%  -410[4.70,-3.50] 2005 -
Subtotal (95% Cly 1861 1843 68.3% -4.23[4.79,-3.67] L 2

Heterogeneity, Tau®=0.75; Chi*= 97.25, df=10 (P = 0.00001); F=90%
Test for overall effect Z=14.77 (P < 0.00001)

1.3.2 Thiazolidinediones

Rosenstock et al 2006 14 0054 108 112 B4% 1.40[1.29,1.581] 2006 -
Subtotal (95% CI) 105 112 6.4% 1.40[1.29, 1.51] }

Heterogeneity: Mat applicahle
Test for overall effect Z= 2593 (P < 0.00001)

1.3.3 DPP4 Inhibitors

Fhilis-Tsimikas etal 2013 -2.75 0.4005 2248 222 6.2% -2.75[-3.53,-1.97] 2013 —_—
Aschneretal 2012 -1.81 0.296 227 253 6.3%  -1.51[2.008,-093] 2012 —
Subtotal (95% Cly 452 475 12.5% -2.10[-3.31, -0.89] -
Heterogeneity: Tau®=0.64; Chi*=6.20, df=1{FP=0.01), F= 84%

Test far overall effect: Z=3.39 (P =0.0007)

1.3.4 Biguanides

Earnet et al 2006 =314 029 214 196 6.3%  -314[3.71,-2.57] 2006 -
Subtotal (95% Cly 214 196 6.3% -3.14[-3.71, -2.57] &
Heterogeneity: Mot applicable

Test for overall effect: Z=10.79 (P = 0.00001)

1.3.5 Standard Care

ORIGIM, 2012 -21 0005 6264 6273 B4% -210[F2.11,-2.09] 2012

Subtotal (95% Cly 6264 6273 6.4% -2.10[-2.11, -2.09]

Heterogeneity: Mot applicable

Test for overall effect: Z=420.00 (P = 0.00001)

Total (95% Cly 8896 8899 100.0% -3.41[-4.50,-2.32] -

Heterogeneity: Tau®= 4.84; Chi*= 4988.98, df=15 (P < 0.00001}; *=100% 54 52 b i
Test far overall effect Z=6.11 (P = 0.00001} Favours Morcinsulin Favours Insulin
Test for subaroup differences: Chi®= 4235.57, df=4 (P = 0.00001), F=99.9%

Reduction in weight (Kg)

Figure 3.6: Forest plot for the mean change in weight (Kg) between insulin and non-
insulin treatment groups, stratified by the different drug classes of the non-insulin arm

3.4.7. Episodes of Hypoglycaemia

The pattern of reporting hypoglycaemia differed among the trials and this made it difficult for
the reports of five trials to be included in the meta-analysis. Most trials defined it as an event
characterised by simple symptoms as sweating, palpitations, hunger pangs and lethargy
irrespective of confirmatory blood glucose less than 4.0mmol/L. For this meta-analysis, |

defined severe hypoglycaemia as that which may necessitate assistance from another person;
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or associated with recovery after oral carbohydrate, glucagon or glucose administration; or with

blood glucose less than 2.0mmol/L.

Figure 3.7 shows the proportion of adverse treatment effect represented by the events of
hypoglycaemia as reported in 12 of the trials comprising 16,143 participants. There was almost
a two-fold increased risk of hypoglycaemia in the participants on insulin therapy compared to

those on non-insulin therapy (RR= 1.90; 95%CIl: 1.44 to 2.51; Heterogeneity 1% = 91%; p =

0.0001).
Insulin Non-Insulin Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Rand 95% C1 Year M-H, Rand 95% Cl
C'Alessio etal 2014 219 484 85 481 10.0% 2.56[2.06,3.18] 2014 —
de Wit etal 2014 3 24 15 26 BT% 0.581[0.30,1.11] 2014 E—
Matyjaszek-Matuszek et al 2013 14 40 17 40 T5% 0.82[0.47,1.43] 2013 e m—
Philis-Tsimikas et al 2013 96 229 24 229 8.9% 331 [2.28,4.81] 2013 e
Aschneretal 2012 108 250 35 265 9.2% 3.27[2.33,4.59) 2012 —_—
ORIGIN, 2012 2614 6264 904 6273 10.6% 290[2.71,3.100 2012 -
Diarnant etal 2010 58 223 19 233 81% 3.19[1.96,518] 2010
Bunck et al 2009 3 33 3 36 34% 2.91[0.84,1005 2009
Davies et al 2009 68 116 59 118 99% 1.17[0.93,1.49] 2009 T
Barnett et al 2007 18 70 10 68 64% 1.75[0.87,3.51] 2007 —
Rosenstock et al 2006 57 105 47 112 96% 1.29[0.98,1.71] 2006 —
Barnet et al 2006 114 222 54 202 4T% 1.92[1.48,2.50) 2006 —_—
Total {95% CI) 8060 8083 100.0% 1.90 [1.44, 2.51] -
Total events 3382 1277
Heterogeneity: Tau®= 0.19; Chi®=126.35, df= 11 (P = 0.00001); F=91% DIE DIS é é

Testfor overall effect: Z= 4.50 (P = 0.00001) Favours Mon-lnsulin Favours Insulin

Episodes of Hypoglycaemia

Figure 3.7: Forest plot showing the risk of hypoglycaemia in insulin vs non-insulin
treatment groups

3.4.8. Reported Adverse Drug Events:

There were variations in the pattern, proportions, measures and number of adverse events
reported in the different trials. These were either reported as the proportion of people with
adverse drug-related events, and/or number of reported adverse events. One trial did not report
any adverse event.122 The overall proportion of reported adverse drug-related events was

slightly higher in the non-insulin than in the insulin group (54.7% vs 45.3%, p= 0.044)
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In the insulin group, the most reported adverse event was nasopharyngitis (21.08%) compared
to nausea (42.71%) in the non-insulin group. Other common symptoms associated with insulin
groups are headache (13.76%), diarrhoea (8.73%), influenza (6.0%), and cough (5.38%) while
nasopharyngitis (17.93%), diarrhoea (16.69%), headache (14.72%), vomiting (12.9%) and
gastrointestinal pain (7.87%) were most commonly reported in the non-insulin group (Table

3.3).

Table 3.3: Commonest reported adverse drug events in Insulin vs Non-insulin groups

Number of Reported Events

Adverse Events

Insulin, n (%) Non-insulin, n (%)
Nasopharygitis 239 (21.08) 246 (17.93)
Influenza 68 (6.00) 68 (4.96)
Mss/Back Pain 51 (4.50) 62 (4.52)
Headache 156 (13.76) 202 (14.72)
Gastrointestinal pain 37 (3.26) 108 (7.87)
Dizziness 18 (1.59) 34 (2.48)
Arthralgia 32 (2.82) 38(2.77)
Diarrhoea 99 (8.73) 229 (16.69)
Infections-Infestations 62 (5.47) 55 (4.01)
Hypertension/AMI 15 (1.32) 14 (1.02)
Vomiting 36 (3.17) 177 (12.90)
Nausea 60 (5.29) 586 (42.71)
Constipation 25 (2.20) 67 (4.88)
Dyspepsia 19 (1.68) 81 (5.90)
Cough 61 (5.38) 40 (2.92)
Reduced Appetite 12 (1.06) 79 (5.76)
CNS Symptoms 38 (3.35) 29 (2.11)
Injection site reactions 4 (0.35) 64 (4.66)
Total number of events 1134 (100) 1372 (100)

Only 12 trials with 2414 and 2363 participants in the non-insulin and insulin groups
respectively reported the number of those with adverse drug-related events which I included in

the meta-analysis (Figure 6). The non-insulin arm had 13 additional people per 100 with
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adverse drug-related, compared to the insulin arm (Risk diff = 0.13; 95%CI = 0.05 — 0.21;
Heterogeneity 12 = 91%; p = 0.002). The fixed effect model showed no significant difference

between both treatment groups (p= 0.236).

Insulin Non-Insulin Risk Difference Risk Difference
Study or Subgroup Events Total Fvents Total Weight M-H, Random, 95% C1 Year M-H, Random, 95% CI
Diamant et al 2014 228 M4 178 312 B7% 0.16([0.09,0.24] 2014 -
D'Alessio etal 2014 T A 243 484 B9% 0.16[0.10,0.22] 2014 -
Davies etal 2013 103 111 B6 105 B4% 0.11[0.02,0.20] 2013 I
Matyjaszek-Matuszek et al 2013 3640 5 0 T4% 0.78[0.64,0.91] 2013 ——
Philis-Tsimikas et al 2013 144 228 141 226 B.4% 0.01 [-0.08, 0100 2013 -1
Diamant etal 2012 183 233 164 223 BE% 0.05[-0.03,013] 2012 ™
Aschneretal 2012 143 264 108 237 B.4% 0.08[-0.00,017] 2012 —
Diamant etal 2010 162 233 136 223 B5% 0.08[-0.00,047] 2010 —
Davies etal 2009 106 118 894 116 B4% 0.08[-0.00,0.18] 2009 —
Barnett et al 2007 46 68 36 7l BE% 0.16[0.00,0.32] 2007 —
Rosenstock et al 2006 1 122 5 105 B.&% 0.04 [-0.02,0.11] 2006 ™
Barnet et 4l 2008 185 201 183 222  BE% -0.05[-0.13,0.02] 2006 T
Total (95% Cl) 2414 2363 100.0% 0.13[0.05, 0.21] <&
Total events 1634 1376
Heterogeneity: Tau®= 0.02; Chi®=122.40, df= 11 (P = 0.00001});, F= 91%

08 025 0 025 05

Testfor averall effect 2= 317 (P =0.002) Favours Insulin Favours Mom-Insulin

Risk of acherse events

Figure 3.8: Forest plot for the risk of adverse events between the insulin vs non-insulin

treatment groups

3.5. Discussion

This meta-analysis involving 18 trials with 19,300 participants compared CV and metabolic
outcomes between insulin and non-insulin GLTs in adult patients with type 2 diabetes. Data
for meta-analysis for CV outcomes were provided by only 2 trials involving 13,317 participants
and showed no difference in the risk of all-cause mortality; cardiovascular deaths, non-fatal
M1, non-fatal stroke, heart failure and a composite of these events in the insulin vs non-insulin
treatment groups. Insulin showed superior efficacy in glycaemic control; while the non-insulin

treatment arm consistently showed a reduction in weight. The risk of hypoglycaemia increased
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almost 2-folds with insulin, while adverse events were slightly significantly higher in the non-

insulin arm.

All the included trials lasted for more than 24 weeks. All trials had a low-risk of bias and this
helped to mitigate the risk of overestimation of benefits and underestimation of risks associated

with trials with high risk of bias.2%

The DIGAMI-2 trial population was drawn from patients with clinically diagnosed diabetes,
and established CV risk. | pooled and compared data from only two arms (insulin vs non-
insulin GLTSs) of the three-arm trial.282 In the ORIGIN trial,2 the population comprised both
established cases of diabetes; people with impaired fasting plasma glucose and impaired
glucose tolerance. Both trials involved patients who were at very high risk of cardiovascular
event. Similarly, all the data were used in our analysis with the standard care arm (defined as
any GLT apart from insulin glargine, based on the investigators’ best judgement and prevailing
local guidelines), used as the non-insulin arm of our analysis. Whilst this trial did not report
any CV outcome specifically for people with established case of diabetes, | nonetheless used
both in our meta-analysis. In addition, the ORIGIN trial’s definition of CV deaths was that of
exclusion. This implies that our finding should be interpreted with caution. The novel findings
of the UKPDS study3# 4° of the potential cardio-protective effect of insulin but this has not
been consistent with other clinical trials and recent observational studies. So, the findings of
this study seem to suggest that insulin may have similar cardiovascular effect, compared to

other non-insulin GLTs (excluding mainly newer novel GLTs as GLP-1RA, SGLT2i,etc).

Insulin showed better glycaemic control than non-insulin therapy but there was no statistically
significant difference between both treatment groups in the proportion of participants achieving
the target HbAlc levels (< 7.0 or <7.4%) ((< 53 or <57mmol/mol). In a meta-analysis of 5

major trials comparing intensive and standard treatments, a reduction in HbAlc by 0.9% in the
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intensive arm resulted in 17% reduction in non-fatal M1 and 15% reduction in coronary heart
disease but no effect on stroke 1%, The UKPDS study showed a 21% reduction in any diabetes-
related endpoint 21 and a meta-analysis showed an 18% increased risk of any CVD per unit
rise in HbAlc level 292, A retrospective observational study using UK primary care database
however have shown a U-shaped association between HbAlc level and mortality among
insulin users,2Z implying that intensive glycaemic control in itself may also portend the same

adverse event that it tries to avert.

In the present study, | also observed that insulin was associated with 2.65kg weight gain
compared to the non-insulin group. Insulin-associated weight gain has been described in many
studies and this weight gain can be excessive, affecting cardiovascular risk factors.23-206
Fourteen of our included trials showed that insulin was associated with increase in weight
compared to its comparators while in contrast, a single-arm 14-week trial of the PREDICTIVE
study, using insulin determir, showed no weight gain in both types 1 and 2 diabetics2%Z. This
should be interpreted with caution due to the short trial duration, heterogeneity of the
population studies and the different measures of outcomes among the participants. Weight gain
has been shown to worsen all elements of CV risk profile—dyslipidaemia, hypertension,
insulin-resistance and elevated fibrinogen—in a continuous graded fashion?% 209, |n a vicious
cycle, weight-gain associated insulin resistance increases the demand for exogenous insulin
which in turn leads to insulin-associated weigh-gain which may further worsens cardiovascular

risk and insulin resistance.

This study also showed that insulin is associated with 80% increased risk of hypoglycaemia
than the non-insulin comparator group. This is consistent with those of major clinical trials as

the ADVANCE, UKPDS, VADT and ACCORD which showed higher (19% up to 3-fold) risks

of hypoglycaemia following intensive glycaemic control with insulin and other GLTs.22.55.101
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210, 211 Hypoglycaemia is a well-known side effect of antihyperglycaemic agents and is
associated with sympathetic surge and release of catecholamines with resulting tachycardia,
raised BP and other haemodynamic changes which increased risk of an atherosclerotic event.212
This link is best explained by resultant increased myocardial activity, platelet-aggregation and
activity, and haematocrit which can trigger cardiac and ischaemic events in diabetic (high-risk)
patients.3-213-215 None of the included studies in this meta-analysis, however, compared
between insulin vs sulfonylurea, the latter an important glucose lowering therapy which is

known to be associated with an increased risk of hypoglycaemia.

| also reported that the risk of other severe and non-severe drug-related adverse events was
greater in the non-insulin than insulin arms. This, however, had no significant effect on the rate

of drop outs within the individual trials.

3.6. Strength and Limitation

This systematic review and meta-analysis derives its strength mostly from the use of only
RCTs, the number of trials (totalling 18) and the large number of participants (19,300) involved
(although, only two trials provided data on CV events), which provided enough statistical

power to detect any true effect.

The major limitations of this study include (a) short trial duration (which may not have been
adequate to fully explore the metabolic outcomes, especially changes in weight and HbA1c)
associated with insulin use; (b) High heterogeneity among the included trials. This mirrored
the study populations in all the included trials, and limits the applicability of the findings of
this study; (c) The exclusion of those with a BMI >35 may limit generalising these results to
the obese T2D patients, who even constitute a larger proportion of people on insulin therapy;

(d) Most of the included trials were not designed to detect or assess CV events.
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Another limitation of this study is inadequate blinding of participants and personnel, leading
to the high risk of performance bias; and the non-blinding of assessors except in one trialt2
which led to a high risk of detection bias. As this limitation mirrors that of the included trials,
these biases were mitigated by the fact that these outcomes (HbAlc and weight) were
objectively assessed. Similarly, the non-standardised format of reporting the adverse events
associated with the treatment groups could have led to either under- or over-reporting of events,
as well as selective reporting. Other limitations include the variation in the study design
between the studies; the broad classification of different classes of GLTSs into only two groups
despite the variations in their mechanisms of action and effect on known CV risk factors; and
the fact that our analysis was limited only to published literature. Finally, most studies failed
to adequately explore the impact of some CV risk factors that might predict adverse CV events

in the treatment groups.

3.7. Conclusion

Based on the two included CV outcome trials, insulin showed similar risk of adverse CV
outcomes with non-insulin GLTs but was associated with superior reduction in HbAlc (which
was of limited clinical importance). Also, there was no difference in the proportion of patients
achieving HbA1c target between both groups but observed that weight reduction was more in
the non-insulin group. There was a 2-fold risk of hypoglycaemia with insulin but adverse events
were more common in the non-insulin group. In view of CV outcomes, further studies with
well-defined distinct treatment groups in a well-powered clinical trial are needed. This should
be in line with the current requirement by international agencies that new antihyperglycaemic
agents not only show glucose lowering ability, but also not associated with clinically

meaningful increases in cardiovascular events.
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Though these findings have implications for clinical practice, they should be interpreted with
caution bearing in mind the inherent limitations which this study could not adjust or control.
Therefore, individually-tailored holistic treatment strategy should be initiated, weighing the

benefits of preventing microvascular complications and the risks of adverse cardiovascular and

metabolic outcomes while incorporating lifestyle interventions.12.41.216
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Chapter Four: Premixed vs Basal-bolus Insulin regimen in Type 2
Diabetes: Comparison of clinical outcomes from randomised controlled

trials and real-world data.

4.1. Summary

Background and Aim

Evidence from randomised controlled trials (RCTs) does not always reflect what is obtained in
routine clinical practice (real-world). The concordance between data derived from randomised
controlled trials (RCT) and real-world estimates of HbAlc and weight change after 24 weeks

of initiation of a basal-bolus was then compared with a premixed insulin regimen.

Methods

Data were pooled from 8 RCTs after a systematic review examining BB (n = 1893) or Premixed
(n = 1517) regimens. Real-world data were extracted from the UK primary care dataset for
basal-bolus (n = 7,483) or premix (n=10,744). T-tests were used to compute the mean
differences between HbAlc and weight from baseline. Linear regression analyses were used to

determine the predictors of this change.

Results

Both insulin regimens were associated with HbA1c reduction (-0.28% [real-world] and -1.4%
[RCTs]) and weight gain (+0.27 kg [real-world]; +2.96kg [RCT]) but there were no significant
differences between basal-bolus and premix. Discordances in the pattern of treatment response

were, however, observed between real-world and RCT data for both insulin regimens. For any
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given baseline HbAlc, the change (3) HbAlc in RCT was greater than in real-world conditions
and at any baseline weight above ~60kg, RCT population showed overall weight gain in
contrast to slight weight loss in the real-world population. Lastly, for both populations, while
greater baseline weight was associated with reduced response to treatment, the association was
much steeper for the RCT compared with real-world population. Also, greater baseline weight
was associated with more favourable effect on weight outcome following premixed and to a

lesser extent with basal-bolus insulin regimen.

Conclusion
These results highlight discrepancies between real-world outcomes versus RCT results with
respect to starting basal-bolus (which is lower in real-world) or premix insulin regimens in

people with Type 2 Diabetes.

4.2. Introduction

Insulin therapy is essential for people with Type 2 diabetes (T2D), when diet and other glucose
lowering therapy options have failed to achieve optimal HbAlc targets.?!” Intensification of
insulin therapy has been shown to reduce the risks of long-term vascular complications.?'8 219
Although the basal-bolus and the premixed insulin are the two most widely used insulin
regimens in T2D, there is no overall consensus regarding the most effective or optimal insulin
regimen for people with diabetes mellitus.** 2% The basal-bolus regimen, which consists of
multiple daily injections of rapid-acting insulin pre-prandially, in addition to a long-acting
basal insulin, most closely mimics the pattern of insulin secretion,??* but the flexibility of this

regimen is, undermined by its complexity to count daily carbohydrate intake and adjust the
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insulin dose accordingly??%2%* The premixed insulin regimen consists of a fixed ratio of rapid-
acting insulin and intermediate insulin combined; thereby eliminating the need for people to
mix or adjust the insulin themselves whilst also reducing the number of required daily
injections. Although people may find it easier to adhere to the premixed regimen,?? regular
meal times and consistency in daily routine are sometimes necessary in order to gain maximum

benefit and avoid the associated risk of hypoglycaemia.

Evidence from RCTs and meta-analyses have shown heterogeneous outcomes between basal-
bolus and premixed insulin regimens.??5228 As such, the choice of an optimal insulin regimen
continues to be debated.??® Although RCTs meet regulatory and scientific standards, they do
not necessarily reflect what happens in real world. So, trial-derived estimates of clinical
outcomes when used to underpin guidelines, may present a biased view of the relative outcomes
of treatments when used in routine practice. Failing to account for this discrepancy may lead
to suboptimal patient outcomes and wasted healthcare resources. | therefore aimed to evaluate
the concordance between data derived from RCT and real-world estimates of HbAlc and
weight reduction after 24 weeks of initiation of basal-bolus compared with a premixed insulin
regimen and assess their interrelationship between clinical characteristics and relevant clinical

profiles, as determinants of concordance.

4.3. Methods

Study Design and Data Sources
Data were extracted from two sources- observational data from the UK primary care via The

Health Improvement Network (THIN) and RCTs in peoples with T2D.
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The search strategy and terms used in the systematic selection of these trials have been fully
described in a previous study by our research team.?*° However, | added an additional exclusion
criterion in which trials lasting less than 6 months were excluded. These selected eight RCTs?2
228, 231236 \were randomised, double-bind parallel or crossover designs in which basal-bolus

insulin regimen was compared to premix.

In the observational population, | pooled data from the THIN database on all people with T2D
who initiated insulin therapy (either basal-bolus or premix). THIN is the UK computerised
anonymised longitudinal primary care records with details of over 10.5 million people derived
from 532 general practices within the UK, shown to be demographically representative of the
dynamics of the UK population.’* Our research group has previously published diabetes-

related outcomes in routine clinical practice using this database.?" 2%

Exposures and Outcomes

In both populations, the main exposure was insulin regimen- basal-bolus vs premix. The premix
(biphasic) regimen intervention was defined as two or more injections of any brand of premixed
insulin per day while the basal-bolus regimen was defined as any basal injection with at least
a single bolus injection per day. These were specified in details in the treatment protocols of
the RCTs, while in the observational data, these prescriptions were identified by their
appropriate READ codes in the THIN database. The main outcomes were mean differences in
glycaemic control (measured by HbAlc) and weight between the two population groups

measured at 6 months and above.

Covariates
For both populations (RCTs and Observational), data on baseline demographics and

participants’ characteristics were obtained. Also, baseline and 6-month measurements of

103



Chapter 4: Premixed vs Basal-bolus Regimens in RCTs vs Real-world

HbAlc and body weight were obtained. Other important clinical measures as comorbidity
states, medication use and other biochemical variables were obtained in the observational study

population.

Statistical Analyses

For both the RCTs and observational data, the difference between HbAlc at baseline and at 6
months (glycaemic control) was computed. Also, the difference in weight at baseline and 6
months will be computed. Generally, descriptive statistics was used to summarise the baseline
variables in both population groups. Missing data among the baseline covariates in the real-
world data were accounted for with multiple imputations using the chained equation model.
Student t-test was used to determine the mean differences in HbAlc and weight between the
insulin regimens at baseline and post 24 weeks. Linear regression analyses were conducted to
identify the strongest predictors of glycaemic control and weigh change.

All analyses were conducted using Stata Software, version 14 with statistical significance put

at a p-level <0.05.

4.4. Results

4.4.1. Baseline Characteristics

In all populations, there were 21,637 participants with 3,410 in the RCT and 18,227 in the real-
world population. Among this, 9,376 received basal-bolus regimen, while 12,261 were on the

premixed regimen.

In the observational (THIN) database population group, the overall mean age was 61.5
(SD13.8) years with the mean baseline HbAlc [72mmol/mol (8.7%) vs 72mmol/mol (8.7%)]

and weight (90.7kg vs 92.1kg) in the premixed and basal-bolus groups respectively. Other
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important baseline variables in this group are summarised in Table 4.1. Weight, age, diastolic

BP and comorbidity status differed significantly between both regimens at baseline.
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Table 4.1: Baseline Characteristics in real world (THIN Data) population

Premix Insulin Basal-bolus Total p-value for
Baseline variable (n =10,744) (n=7,483) (n =18,227) differences
Demographics
Age (yrs), Mean (SD) 61.5 (12.7) 61.5 (14.9) 61.5 (13.8) 0.015
Gender, No. (%)
Male 5717 (53.2) 3978 (53.2) 9,695 (53.2) 0.946
Female 5027 (46.8) 3505 (46.8) 8,532 (46.8) '
Townsend deprivation, No(%)
Least deprived 2024 (19.8) 1563 (21.7) 3,587 (20.6)
2nd quintile 1989 (19.4) 1508 (21.0) 3,497 (20.1)
3rd quintile 2229 (21.8) 1501 (20.9) 3,730 (21.4) <0.001
4th quintile 2258 (22.0) 1505 (20.9) 3,763 (21.6)
Most deprived 1742 (17.0) 1117 (15.5) 2,859 (16.4)
Clinical Covariates, Mean (SD)
HbAlc (%) 8.7 (1.8) 8.7 (1.9) 8.6 (1.8) 0.903
BMI (kg/m2) 32.5(6.8) 32.6 (6.9) 32.4 (6.9) 0.082
Weight (Kg) 90.7 (18.5) 92.1(19.1) 90.8 (18.7) <0.0001
Height (m) 1.7 (0.1) 1.7 (0.1) 1.7 (0.1) <0.0001
SBP (mmHg) 136.4 (23.0) 136.2 (23.2) 136.4 (24.3) 0.122
DBP (mmHg) 76.5 (10.7) 75.6 (10.9) 75.9 (10.9) <0.0001
TC (mmol/l) 4.5 (1.3) 4.5 (1.3) 4.5 (1.3) 0.370
HDL (mmol/l) 1.2 (0.5) 1.2 (0.5) 1.2 (0.4) 0.002
LDL (mmol/l) 2.4 (1.1) 2.4 (1.1) 2.4 (1.01) 0.084
Triglyceride (mmol/L) 2.1(1.2) 2.0(1.2) 20(1.2) 0.188
Albumin (g/L) 4.0 (0.4) 4.1(0.4) 4.0 (0.4) 0.012
eGFR (mls/min/1.73m?) 62.3 (21.0) 63.8 (21.5) 62.8 (21.8) <0.0001
ACR (mg/mol) 5.8(8.4) 5.9 (8.6) 5.8 (8.5) 0.830
Diabetes duration (yrs) 3.9 (6.7) 4.8 (5.7) 4.3 (4.9) <0.0001
Smoking status, No. (%0)
Non-smoker 5179 (48.2) 3682 (49.2) 8,809 (48.3)
Current smoker 1498 (13.9) 1127 (15.1) 2,625 (14.4) 0.011
Ex-smoker 4067 (37.9) 2674 (35.7) 6,793 (37.3)
Alcohol status, No. (%)
Non-drinker 3667 (34.1) 2249 (30.1) 5,916 (32.5)
Current drinker 5840 (54.4) 4403 (58.8) 10,243 (56.2) <0.001
Ex-drinker 1237 (10.5) 831 (11.1) 2,068 (11.3)
BMI Categories, No. (%0)
<24.9kg/m? 1451 (13.5) 1004 (13.4) 2,455 (13.5)
25-29.9kg/m? 2587 (24.1) 1756 (23.5) 4,343 (23.8) 0.588
> 30kg/m? 6706 (62.4) 4723 (63.1) 11,429 (62.7)
Other GLTs, No. (%)
Metformin 9045 (84.2) 6548 (87.5) 15,593 (85.6) <0.001
Sulphonylurea 8004 (74.5) 5790 (77.4) 13,794 (75.7) <0.001
Thiazolidinedione 3009 (28.0) 2745 (36.7) 5,754 (31.6) <0.001
GLP-1ar 1034 (9.6) 909 (1.2) 1943 (10.7) <0.001
SGLT2 50 (0.5) 35 (0.5) 85 (0.5) 0.982
Glinides 422 (3.9) 368 (4.9) 790 (4.3) 0.001
DPPA4i 1137 (10.6) 1432 (19.1) 2569 (14.1) <0.001
Use of Medications, No. (%)
Aspirin 10,647 (99.1) 7430 (99.3) 18,077 (99.2) 0.527
Antihypertensive 9684 (92.6) 6252 (88.6) 15,936 (91.0) <0.001
LLT 9588 (91.7) 6388 (90.5) 15,976 (91.2) 0.005
Comorbidities, No. (%) ©
MI 472 (4.4) 227 (3.0) 699 (3.8) <0.001
CHD 3665 (34.1) 1795 (24.0) 5,460 (30.0) <0.001
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PAD 1649 (15.4) 759 (10.1) 2,408 (13.2) <0.001
Heart Failure 1689 (15.7) 768 (10.3) 2,457 (13.5) <0.001
Hypoglycaemia 2256 (21.0) 929 (12.4) 3,185 (17.5) <0.001
CVA 1766 (16.4) 972 (13.0) 2,738 (15.0) <0.001

Abbreviations: MET (metformin); SU (sulphonylurea); GLP-1RA (Glucagon-like peptide 1 receptor analogues); INS
(insulin); BMI (body mass index); SBP (systolic blood pressure); DBP (diastolic blood pressure); HbAlc (haemoglobin
Alc); HDL (high-density lipoprotein); LDL (low-density lipoprotein); TC (total cholesterol); GFR (glomerular
filtration rate); LLT (lipid lowering therapy); PAD (peripheral arterial disease); CHD (coronary heart disease); ACR
(albumin creatinine ratio); SD (standard deviation)

Diabetes duration is time from first diagnosis of diabetes to date of commencement of insulin

In the population of the 8 RCTs [9, 10, 15 -20], the mean HbAlc and weight were [74mmol/mol
(8.9%) vs 74mmol/mol (8.9%)] and (85.6kg vs 85.6kQ) in the basal-bolus and premixed insulin

regimens respectively. Other important baseline variables are summarised in Table 4.2 below.
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Table 4.2: Summary of baseline characteristics of the Randomised Clinical Trials

Baseline HbA1lc HbALc at >24wks Bgseline Weight (kg)  at Age (yrs) Dia_lbetes Total_number
Study mmol/mol[%6] mmol/mol[%o] Weight (kg) >24wks duration (yrs) (N =3410)

Basal Premix Basal Premix Basal Premix Basal Premix Basal Premix Basal Premix Basal Premix
Bowering et al, 2012 75 [9] 74 [8.9] 56 [7.3] 54[7.1] 72.8 73.8 75.7 76.6 56.7 56.3 10 10.6 214 212
Fritsche et al, 2010 70[8.6] 69[8.5] 56 [7.3] 61[7.7] 87 84.3 90.6 86.5 60.9 60.2 12.8 12,5 153 153
Hirao et al, 2008 90[10.4] 881[10.2] 62[7.8] 60[7.6] 62.5 62.1 NR* NR 58.5 57.9 12.2 9.5 80 80
Jain et al, 2010 78[9.3] 80[9.5] 58 [7.5] 60[7.6] 78.8 78.2 82 81.3 58.9 59.9 12 11.4 242 242
Levin et al, 2011 78[9.3] 79[94] 53[7.0] 55[7.2] 102.6 103.5 108.9 106.6 55.9 56.4 13.1 12.9 106 91
Liebl et al, 2009 69[8.5] 68[8.4] 53[7.0] 55[7.2] NR NR NR NR 61.7 60.3 9.4 8.9 541 178
Miser et al, 2010 (Arm A) 64 [8.0]  64[8.0] 65[8.1] 64[8.0] 893 90.1 922 915 55.9 58.2 9.3 8.9 199 200

(Arm B) 64[8.0] 64[8.0] 66[8.2] 66[82] 91.9 93.6 94.2 92.8 55.4 54.5 9.6 10 171 174

Rosenstock et al, 2008 74[89] 73[8.8] 51[6.8] 53[7.0] 99.8 99.1 104.3 103.1 55.4 54 11.2 10.9 187 187
Mean Total 74[8.9] 74[8.9] 57[7.4] 58 [7.5] 85.6 85.6 92.6 91.2 57.7 57.5 11.1 10.6 1893 1517

NR = Not reported

N = total number of all trial participants in these trials
Diabetes duration is the duration of diabetes as at the commencement of the trial
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4.4.2. Change in HbAlc

In the real-world (THIN) database, there was a significant reduction from the baseline HbAlc
of 70mmol/mol (8.6%) to 67mmol/mol (8.3%) (mean diff = -0.28%; 95%CI: -0.30, — 0.27; p
< 0.0001) after 6 months. Both the premixed (70mmol/mol (8.6%) vs 68mmol/mol (8.4%),
mean diff: 0.25; 95%CI: -0.28, —0.23; p <0.0001) and basal-bolus (70mmol/mol (8.6%) vs
67mmol/mol (8.3%); mean diff: 0.33; 95%CI: -0.3, 0.3; p <0.0001) insulin regimens showed
reductions at 6 months (Figure 4.1). However, glycaemic control was better in the basal-bolus

(mean diff =-0.08%; 95%CI: -0.11, -0.04; p = 0.001).

Real-world RCT
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Figure 4.1: Mean changes in HbAlc (%) between premix and basal-bolus Insulin
regimens in RCT vs Real-world data (Real-world data: adjusted for age, gender, diabetes
duration, weight and SBP)

Similarly, the RCT population reported a significant improvement in glycaemic control, with
a mean reduction in HbAlc of 1.4% (95% CI: —1.87, -0.92; p<0.0001) at 6 months from
baseline. There was a significant reduction in HbAlc at 6 months 74mmol/mol (8.9%) vs
58mmol/mol (7.5%); mean diff: 1.34%; 95%CI: —2.09, -0.6; p = 0.003) in the premixed group;

as was in the basal-bolus regimen 74mmol/mol (8.9%) vs 57mmol/mol (7.4%); mean diff: -
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1.44%; 95%CI: —2.20, -0.69; p = 0.0023). No significant difference in glycaemic control was
observed between the two insulin regimens after adjustment for age and baseline weight, (mean

diff: -0.07%; 95%Cl: -1.10, -1.25; p = 0.892) (Figure 4.1).

4.4.3. Change in Weight (Kg)

Overall, there was a significant increase in weight after 6 months in the THIN population (mean
diff: 0.27; 95%CI: 0.18, 0.35; p < 0.0001). This represented an increase of 0.31kg (95%Cl:
0.20,0.42; p <0.0001) in the premix arm vs 0.21kg (95%CI: 0.07, 0.34; p = 0.002) in the basal-
bolus arm. Nonetheless, no significant difference in weight gain was recorded between these
two (premixed vs basal-bolus) regimens at 6 months (mean diff: 0.11kg; 95%ClI: -0.07, 0.28;

p=0.222).

Figure 4.2 shows that the RCT population recorded a significant increase in weight from 88.9kg
at baseline to 91.9kg at 6 months (mean diff = 2.96kg; 95%CI: 2.05 — 3.88; p < 0.0001). In the
premixed group, there was an increase in weight from 88.9kg to 91.2kg (mean diff: 2.26kg;
95%Cl: 0.80, 3.71; p = 0.009) while the basal-bolus group had a greater increase of 88.8kg to
92.6kg (mean diff: 3.67; 95%CI: 2.43 — 4.92; p = 0.0004). In spite of these, there was no
significant difference between the changes recorded between the insulin regimens - premixed
(2.26kg) vs basal-bolus (3.67kg) at 6 months (mean diff: -1.41kg; 95%CI: -3.12, 0.29; p =

0.096).
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Figure 4.2: Mean changes in weight between premix and basal-bolus insulin regimens in
RCT vs Real-world data. (Real-world data: adjusted for age, gender, diabetes duration,
HbAlc and SBP)

4.4.4. Predictors of response at baseline

In the THIN data population, there was a weak correlation between baseline HbAlc and
response to treatment (& HbA1c) because 20% of the variability in the change in HbAlc in this
group was attributable to the HbAlc at baseline (r?= 0.20; slope = —0.30; 95% CI —0.31, —0.2;
p <0.0001). There was a very little correlation due to age (slope = —0.004; p < 0.001), gender
(slope =—0.05; p=0.019), and duration of diabetes (slope = —0.003; p = 0.031). In contrast, in
the RCT population, there was a strong correlation between baseline HbAlc and 6 HbAlc.
88% of this variability in & HbAlc was attributable to the HbAlc at baseline (r? = 0.88; slope
=-1.43; 95% CI —1.77, —1.08; p < 0.0001). There was a non-significant correlation with age

(slope = 0.04; p=0.941) and weight (slope = —0.02; p = 0.069).
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a. HbAlc reduction as a function of baseline HbAlc in premixed vs basal-bolus regimen
In Figures 4.3A and B, comparison is made between these two insulin regimens in real-world
and RCT conditions. These showed similar patterns of response to treatment as a function of
baseline HbAlc i.e. greater response to treatment with higher baseline HbAlc values but
steeper in the RCT population for both regimens. At baseline HbAlc values of 64mmol/mol
(8.0%) and 62mmol/mol (7.8%), both populations showed no change in HbAlc at 6 months,
but below these, both populations reported an increase in HbAlc value at 6months, this being
greater too in the RCT population. This same pattern was observed for basal-bolus.

Thus for any given baseline HbA1c for both insulin regimens, the 8 HbAlc in RCT was greater
than in real-world conditions. No interaction with study populations was observed (RCT vs

THIN, coefficient = 0.003, p = 0.965).
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Figure 4.3: A and B — Glycaemic Control: Basal-bolus vs Premix in RCT vs Real-World

Figures 4.3 A and B show graphs depicting glycaemic control (measured by change in HbAlc)
as a function of baseline HbA1c in type 2 diabetes population on insulin therapy after 24weeks
and above. Comparison is made between the real world (THIN data) and the RCT populations
in people on basal-bolus (A) and premix (B) insulin regimen. The interaction coefficient is, for
(A) -0.30, p<0.0001; and (B) —1.43, p<0.0001.

b. Weight-Change as a function of Baseline Weight in premixed vs basal-bolus regimen

For changes in weight according to baseline weight, different response patterns were observed
between different insulin regimens (Figures 4.4 A and B) in the RCT population. In the real-
world population, there was a very weak correlation between baseline weight and weight after
6 months. 2% of the variability in weight change was attributable to the weight at baseline (r?
= 0.02; slope = —0.049; 95% CI —0.05, —0.04; p < 0.0001). This was independent of gender,
age, and duration of diabetes. In the RCT population, there was a slightly higher non-significant

correlation between baseline weight and weight-change at 6 month as it shows that 49% the
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variability in weight change was attributable to the weight at baseline (r2 = 0.49; slope = 0.06;

95% CI1—0.04, 0.15; p=0.204), independent of age (slope = 0.07; p = 0.74).

The premixed group showed a slight negative correlation in real-world (r>=0.03; slope =—0.05;
95% CI —0.06, —0.04; p < 0.0001), i.e. those with a baseline weight of more than 100kg
experienced weight reduction, while those below 100kg at baseline, experienced weight-gain
at 6 months (Figure 4.4) but in the RCT population, this association was almost unity, i.e. no

change in weight at 6 months irrespective of baseline weight.

For the basal-bolus treatment group, real world population showed a weak negative correlation
(r?=0.02; slope =—0.05; 95% CI —0.05, —0.04; p < 0.0001): slight weight reduction as baseline
weight increases. Conversely, the RCT group showed a positive correlation (r2 = 0.45; slope =
0.09; 95% CI —0.02, —0.19; p = 0.098), i.e. more weight-gain at 6 months as baseline weight

increases.

Taken together, within the two populations, at any baseline weight above 60kg, while the RCT

group showed a weight gain, the real-world group observed a slight reduction in weight.
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Figure 4.4: A and B - Weight-Change: Basal-bolus vs Premix in RCT vs Real-world

Figures 4.4 A and B show graphs depicting change in weight as a function of baseline weight
(kg) in type 2 diabetes population on insulin therapy after 24weeks and above. Comparison is
made between the real world (THIN data) and the RCT populations in people on premix (A)
and basal-bolus (B) insulin regimen. The interaction coefficient is, for (A) —0.049, p<0.0001;
and (B) 0.06, p=0.204).
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c. HbAlc change as a function of Baseline Weight in premixed vs basal-bolus regimen

The change in HbAlc as a function of baseline weight for premixed and basal-bolus insulin
regimens, showed that for both real world and RCT populations, greater baseline weight was
associated with reduced response to treatment. However, the association was much steeper for
the RCT compared with real world population. Furthermore, for the premixed population, for
any baseline weight, response to treatment was greater in the RCT population compared with
real world conditions up until weight of approximately 110kg, above which, response to
treatment was greater for real world populations. Similarly, for the basal-bolus insulin
regimen, for any baseline weight, response to treatment was greater in the RCT population
compared with real world conditions up until weight of approximately 110kg, above which,
response to treatment was greater for real world populations up until 140kg weight, above

which, response to treatment was slightly greater for real world populations

4.5. Discussion

This analysis compared the relative HbAlc and weight outcomes of premixed insulin regimen
or the basal-bolus insulin regimen in people with T2D in RCT vs in real-world conditions.
Despite the significant difference in HbAlc found with basal-bolus in this study, its clinical
significance is unclear and no difference in HbAlc and weight was noted between insulin
regimens for both real-world and RCT populations at 6months. Discordance in the pattern of
treatment response was however observed between the populations for both insulin regimens.
While the present analysis confirms the expected relationship between baseline HbAlc and
HbALc reduction with either a premixed or a basal-bolus insulin regimen, the strength of this
relationship was considerably more apparent in the RCT population compared with real world

conditions. | observed a negative association between weight-change at 6months and baseline
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weight among people receiving a premixed insulin regimen in both real-world and RCT
populations, i.e. as baseline weight increases, the weights in these populations at 6 months
slightly reduced, and more marked in the real-world populations. However, for people
receiving a basal-bolus insulin regimen, discordance in response was observed between real
world and RCT populations, i.e. a negative association (reduction in weight at 6months as
baseline weight increases) in real-world but a positive association (increase in weight at
6months as baseline weight increases) in the RCT population. Lastly, for both premixed and
basal-bolus insulin regimen, the expected relationship between baseline weight and response

to insulin treatment was mainly apparent under RCT conditions.

The cause of the discrepancies in the HbAlc and weight response with premixed insulin or a
basal-bolus insulin regimen in real world conditions compared with RCT is not clear. However,
insulin regimen is associated with hypoglycaemia and weight gain,??" 23% 240 with the latter
often occurring only during the first months following insulin initiation; and an important
difference between the premixed and the basal-bolus insulin regimen is that the latter can be
more demanding due to increased frequency of insulin injections and dose adjustments. Thus,
it is tempting to speculate that the any discrepancies between real world and RCT is borne out
of fear of hypoglycaemia, especially in the basal-bolus insulin regimen,??” 2% fear of weight
gain,?*® reduced compliance with a basal-bolus insulin regimen or people’s ambivalence to up-
titrate insulin doses under real-world conditions due to lack of monitoring, patient education,
or lack of rigid guidelines or protocols for participants to follow.?*! Fear of hypoglycaemia in
real-world for example may explain the less apparent association between baseline HbAlc and
response to treatment in real world conditions compared with RCT for both insulin regimens.
Other likely possible explanations include the relatively younger age of the RCT population;

and the higher rate of comorbidities and selection bias in the real-world population.
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My observations that greater baseline weight was associated with more favourable effect on
weight outcome following premixed and to a lesser extent with basal-bolus insulin regimen
should provide important reassurance that in routine clinical practice, meaningful reduction in
HbA1c can be achieved without significant detrimental effect on weight. This observation was
supported by findings from two other studies.?*> 243 In one study involving 155,917 people who
were recently initiated in insulin, Paul and colleagues reported that obese people gain
significantly less weight with insulin and that progressive reduction in body weight gain was
observed with progressive increases in baseline BMI above 30 kg/m? which may be due to the
use of less intensive insulin therapy.?*? In another study, Balkau and colleagues reported
significant inverse association of baseline BMI with weight gain in a cohort of 2,179 people
with about nine years of median diabetes duration.?*® Interestingly, the converse relationship
between baseline weight and weight change was observed in our RCT cohort who received a
basal-bolus, but not the premixed insulin regimen. This implies an increase propensity to
weight gain with basal-bolus insulin regimen compared with premixed insulin in an RCT
setting, supported by our findings from a systematic review and meta-analysis comparing
basal-bolus and the premixed insulin.t’® 24 In addition, the 4-T study reported that mean
weight gain was higher in the prandial group than in either the biphasic group or the basal

group.t’®

4.6. Limitations

This analysis is subject to some limitations inherent to observational studies, including
potential confounders such as compliance, indication bias, effects on ethnicity and differences
in insulin regimens or titration protocols used across different areas in the UK. I attempted to
minimize this by restricting the analysis only to people who initiated a specific insulin regimen

Importantly, 1 do not have robust information on hypoglycaemic events that may limit the
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success of a given therapy, patient education programme, use and frequency of glucose self-
monitoring, frequency of insulin dose adjustment, and rules for self-adjustment of insulin dose

or adjustment by feeling which have been shown to be important confounders.178 223245

With regards to the analysis of the RCT data, the previous meta-analysis of our research group
in this area showed substantial heterogeneity was found in the meta-analysis on HbAlc change.
This may be attributed to a number of confounding factors such as: poor study quality, small
treatment groups, short study duration and different study designs. Lastly, | pooled trials and
real-world data using regular and analogue insulin because previous meta-analysis suggests
similar HbA1c outcomes between the two types.?** Despite these limitations, it is important to
note that the emphasis of this study is a pragmatic approach to decision making for initiation
of insulin among people who require insulin soon after diagnosis of diabetes in ‘real world’
clinical practice based on variables that are available to clinicians and to compare this with

outcomes derived from RCT.

4.7. Conclusion

In summary, this work showed that there is discordance in the pattern and magnitude of
treatment response observed between real world and RCT populations between the two insulin
regimens. The ‘blunting’ of the expected relationship between baseline HbAlc and the
response to treatment with either a premixed or a basal-bolus insulin regimen in real world and
the reverse association between weight change and baseline weight among people receiving
the two insulin regimens between real world and RCT populations, emphasised the importance
of people factors that would determine the potential success of one insulin regimen compared
to another. Choice of insulin regimen should therefore be individualised according to peoples’

personal, social and clinical characteristics.
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Chapter Five: Metabolic Profile of Insulin users and association with

Cardiovascular and Metabolic Outcomes

5.1. Overview

This chapter comprises 2 related studies which explored the metabolic profile of insulin users
and their association with CV events and metabolic outcomes. Study One looked at the
relationship between baseline obesity and glycaemic control and CV events; while Study Two
examined the association between insulin-induced weight-change and CV mortality and the
impact of this weight-change on glycaemic control after one year of insulin initiation.

In reporting Study Two, the introduction, methods and discussion sections will be discussed
under the same heading while the result section was split into two parts — Objective 1 and 2 for

clarity.
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5.2. Study 1 — Effect of baseline obesity on metabolic outcomes and major adverse

cardiovascular events following initiation of insulin therapy

5.2.1. Summary
Aim
Obesity is a known major risk factor for type 2 diabetes (T2D) and cardiovascular (CV)

diseases. Little is known if obesity could have long term adverse metabolic and CV outcomes

in insulin initiators.

Methods

A retrospective cohort study of 12,725 insulin initiators with T2D with data derived from the
UK General Practices (The Health Improvement Network (THIN)) database. Multivariate
repeated-measures linear and logistic regression analyses were used to estimate the 5-year
metabolic outcomes of glycaemic control, and changes in weight and BMI while Cox
proportional hazard models were fitted to estimate the 5-year risk of CV events and mortality
between the baseline BMI categories: normal (1,665); overweight (3,022); obese class |

(3,712); obese class 11 (2,637); and obese class 111 (1,689).

Results

The mean age was 58.6+13.8 years. There was a significant trend in reduction of the proportion
of patients achieving the HbA1lc targets across the BMI categories — reducing by 8% (aOR:
0.92; 95%CI: 0.89-0.95 p-value for trend <0.001) at 6 months; and 6% (aOR: 0.94; 95%CI:
0.91-0.97; p for trend = 0.0001) at 12 months. There was a total of 1,095 3-point composite

events of all-cause mortality, non-fatal stroke and MI thus: normal (143), overweight (284),
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obese class | (320), obese class Il (201) and obese class 111 (147) with a 10% higher risk of
MACE (aHR: 1.10; 95%CI: 0.90-1.35) in the overweight, 5% (aHR: 1.05; 95%CI: 0.86-1.29)
in obese class I; 3% (aHR: 1.03; 95%CI: 0.83-1.29) in obese class Il; and 30% (aHR: 1.30;

95%Cl: 1.02-1.66) in the obese class 111 BMI categories.

Conclusion

Among patients with T2D started on insulin therapy, obesity at baseline does not influence
glycaemic control beyond 24 months, but is associated with a decrease in weight and BMI
compared to non-obese groups. However, morbidly obese patients initiating insulin have 30%

increased risk of composite CV events after 5 years.

5.2.2. Introduction

The global burden of obesity is on a steep rise and in the UK, is estimated to affect 1 in every
4 adults. Nearly 1 out of 3 children between the ages of 2 to 15 years are obese and this tide is
expected to rise in the next 2 decades, leaving UK with 26 million people at risk. Obesity is a
known major risk factor for the development of type 2 diabetes (T2D)?*® 247 and adverse
cardiovascular (CV) events including mortality.?*® Consequently, this group constitutes a

significant proportion of people presenting with new onset diabetes or already living with T2D.

The therapeutic management of T2D aims at maintaining good glycaemic control in order to
minimise cardiovascular and macrovascular complications. The NICE guideline emphasises
the importance of individualised targeted treatment to achieve these goals.*! In the obese
population, balancing the appropriate choice of therapy with the unintended effects presents a
dilemma. In spite of the controversies around the possible association of insulin therapy with

adverse CV outcomes, insulin therapy is well known for its ability to maintain good glycaemic
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control and association with weight gain.?* In the United Kingdom Prospective Diabetes Study
(UKPDS), patients in the intensive intervention cohort were observed to gain approximately 5
kg during the 10-year follow-up period, with most of this gain occurring in the first 12
months.?? Our research team has also shown in routine clinical practice, the effectiveness of
insulin therapy to lower HbA1c levels appears to be dependent on patients’ baseline weight.??
2%0 | speculated that this could be due to insulin-induced weight gain resulting in an increase in

the amount of insulin required to control hyperglycaemia®’® 2! at the expense of further weight

gain, possible poor treatment compliance and increased insulin resistance.

Furthermore, despite the well-recognised correlation between obesity, exogenous
hyperinsulinaemia and cardiovascular (CV) disease,?? there is little direct evidence relating to
the impact of baseline obesity mortality on outcomes following insulin initiation in routine
clinical practice. However, there is indirect evidence that weight gain does adversely affect
CV risk. The ACCORD study designed to investigate whether an aggressive therapeutic
strategy to achieve tight glucose target (HbAlc <6.5%) would reduce CV events surprisingly
resulted in an increased mortality in the intensively treated group. The mean BMI of patients
in the study was 32.2 and weight gain by more than 10kg occurred in 27.8% of the intensively

treated patients compared with 14.1% in the standard therapy.

While no causal relationship between obesity and adverse CV outcomes can be assumed,
retrospective studies have shown that people with diabetes who actively lose weight improve
not only their risk profile?®32% put also survival rate.>* Previous similar studies which focused
on the association between obesity at insulin initiation were limited by either by their choice
of patients (as in the UKPDS which used predominantly obese patients);?? or study population
size;?* or the exclusion of younger patients with T2D, short follow up period, or failure to

adjust for important risk factors associated with obesity.?%
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To our knowledge, no real-world study has explored the long-term effects of obesity at insulin
initiation on metabolic and CV outcomes. So, | aimed therefore to investigate the association
between obesity, metabolic outcomes (HbAlc and weight), CV events and mortality in patients

with T2D who initiated insulin therapy.

5.2.3. Methods

5.2.3.1. Study Design and Data Source

This was a retrospective cohort study using data derived from the UK anonymised longitudinal
electronic Primary Care data called The Health Improvement Network (THIN). This database

has been described in Chapter 2.

5.2.3.2. Selection Criteria and Study Population

The patient cohort was selected from the database based on the following criteria at insulin
initiation (index date):
1. Age>18 years
2. Records of diagnosis of T2DM (identified by their appropriate ICD-10 codes) made a
minimum of 180 days before index date.
3. Continuous prescription of insulin beyond 180 days after index date
Patients with identifiable ICD-10 codes for type 1 diabetes, gestational or other forms of

diabetes, or with no identifiable continuous insulin prescription in their records were excluded.

5.2.3.3. Study Exposure and Outcomes

The main exposure was the baseline BMI [computed by the formula: weight (kg) / (height (m)
x height (m))]. This was assessed from 0 to 90 days before the index date. BMI was classified

thus: normal (BMI < 24.9kg/m?), overweight (BMI: 25.0 - 29.9kg/m?), obese/obese class |
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(BMI: 30.0 — 34.9kg/m?), clinically obese/obese class Il (BMI: 35.0 — 39.9kg/m?) and morbidly
obese/obese class 111 (BMI: >40.0kg/m?).
The primary outcomes were

1. Changes in HbAlc, weight and BMI from baseline to 6, 12, 24, 36, 48 and 60 months

post index date; and

2. Proportion of patients achieving a target HbAlc of < 7.5% at these time intervals.
All these were stratified by BMI at index date. Post-index date HbAlc, weight and BMI values
were assessed at 6 months and later at yearly intervals till a maximum of 5 years after index
date. Where more than one recording of a variable was noted within each time interval, the
mean value was computed and recorded for that review date.
The secondary outcome was the risk of a three-point composite of Major Adverse
Cardiovascular Events (MACE), comprising non-fatal myocardial infarction (M), non-fatal
stroke and all-cause mortality between the baseline BMI categories. In estimating this risk,
patients were followed up from the point of insulin initiation (index date) and censored at the
earliest of the following outcomes - discontinuation of insulin or occurrence of MACE or loss
to follow-up or at the end of the end of the study at 5 years. The time (t) to any of these outcomes
was determined for each patient, as well as the event of MACE (d) which occurred within this

time interval and fitted in a Cox regression model.

5.2.3.4. Covariates

Significant a priori confounders which could impact on glycaemic control, change in weight
and BMI, and the risk of MACE were extracted at baseline and adjustment was made for these
in the multivariate linear and Cox regression models. These covariates have been described in

Chapter 2.
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5.2.3.5. Statistical Methods

A small proportion of patients had missing records for HbAlc, weight and height at different
time intervals. These variables were uniformly distributed and missing at random. So, multiple
imputations using the chained equation (MICE) model was used to account for these missing
data and the imputed (complete) data were used for all analyses. The baseline characteristics
of the study cohort was first summarised as mean (with standard deviation) and as absolute

values (with proportions) stratified by BMI categories at baseline.

A univariate linear regression model was used to test the association between these baseline
covariates and the study exposure and outcomes to adjust for any confounding effect they may
have on the study outcomes. Covariates which were found to be significantly associated (p <
0.05) with the study exposure and outcomes were selected for inclusion in the multivariate
model. So, for the primary outcomes of changes in HbAlc, weight and BMI, a multivariate
repeated-measures linear regression model was fitted with their values at 6, 12, 24, 36, 48 and
60 months to estimate changes from index date. Pearson’s Chi-square test was used to estimate

the proportion achieving an HbA1c target of < 7.5% at each time interval.

To estimate the hazard of MACE, crude and adjusted Kaplan—Meier estimates of survival
functions between the BMI categories were calculated and the log-rank test was used to
compare the equality of the survival curves between them. From these survival functions, |
computed the absolute reduction in the probability of the incidence of the all-cause mortality
within a 5-year follow-up. Finally, a Cox proportional hazard model was fitted to estimate the
marginal and adjusted hazard of MACE in all the BMI groups (treated groups), compared to
the normal BMI group. Any violations in the proportional hazards assumptions were confirmed

with Schoenfeld residuals tests.
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5.2.3.6. Sensitivity and Subgroup analyses

To explore the impact the missing values may have on the overall outcome and assess the
robustness of our imputation, all the analyses were repeated in the dataset with missing values
and the study outcomes compared. Also, subgroup analyses were done for the individual

components of MACE, as well as a composite of CV events (non-fatal MI or stroke).

In all the models, the point estimates were estimated with 95% confidence intervals (CI) at the
conventional statistical significance level of < 0.05 while all analyses were conducted using
Stata Software, version 14 (StataCorp. Stata Statistical Software: Release 14. College Station,

TX: StataCorp LP. 2015).

5.2.4. Results

5.2.4.1. Baseline Demographics

The study population comprised 12,725 patients with type 2 diabetes after the application of
the inclusion and exclusion criteria on the initial 19,808 patients identified in the THIN dataset

(Figure 5.1).

The least proportion (13%) of these patients was in the normal and obese class 111 BMI
categories respectively while the greatest proportion (29%) was in the class | obese category.
There were greater proportion of males in the normal BMI category but more females in the
obese class 111 BMI category (p < 0.0001). Patients in the normal BMI category were older
while those in the obese class I11 were younger. Conversely, baseline HbAlc and systolic blood
pressure were highest and lowest in the obese class 111 and normal BMI categories respectively

(Table 5.1).
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Table 5.1: Baseline Characteristics of Study participants stratified by baseline BMI categories

Normal Overweight Obese Class |  Obese Class Il Obese Class 111 Total
(n=1665) (n=3022) (n=3712) (n=2637) (n=1689) (n=12,725)

Demographics
Age (yrs), Mean (SD) 60.2 (13.3) 59.8 (13.7) 58.7 (13.6) 57.9 (13.9) 56.0 (14.2) 58.6 (13.8)
Gender, No. (%)

Male 1165 (70) 1799 (60) 1792 (48) 1058 (40) 531 (31) 6345 (50)

Female 500 (30) 1223 (40) 1920 (52) 1579 (60) 1158 (69) 6380 (50)
Townsend deprivation index, No. (%0)

Least deprived 372 (23) 653 (23) 710 (20) 503 (20) 316 (20) 2554 (20)

2nd quintile 336 (21) 612 (21) 716 (20) 505 (20) 302 (19) 2471 (19)

3rd quintile 358 (22) 598 (21) 804 (23) 559 (22) 358 (22) 2677 (21)

4th quintile 307 (19) 604 (21) 763 (21) 548 (22) 348 (22) 2570 (20)

Most deprived 229 (14) 412 (14) 574 (16) 419 (17) 284 (18) 1918 (15)
Age categories. No (%)

18 to 39 years 141 (9) 261 (9) 405 (11) 332 (13) 258 (15) 1397 (11)

40 to 59 years 675 (41) 1199 (40) 1465 (40) 1042 (40) 753 (45) 5134 (41)

60 to 79 years 743 (45) 1377 (46) 1629 (44) 1149 (44) 616 (37) 5514 (43)

80 years and above 106 (6) 185 (6) 213 (6) 114 (4) 62 (4) 680 (5)
Clinical covariates, Mean (SD)
HbAlc (%) 8.6 (1.9) 8.6 (1.8) 8.7 (1.8) 8.8(1.9) 8.8(1.8) 8.7 (1.8)
BMI (kg/m2) 21.8(2.8) 27.7 (1.4) 32.5(1.4) 37.2(1.4) 44.1 (4.3) 32.7 (6.9)
Height (m) 1.7 (0.09) 1.7 (0.10) 1.7 (0.1) 1.7 (0.1) 1.6 (0.1) 1.7 (0.1)
Weight (Kg) 69.7 (12.2) 81.0 (11.6) 90.5(12.1) 100.9 (13.1) 116.4 (16.3) 91.5(18.8)
DBP (mmHg) 75.6 (11.1) 76.3 (10.9) 76.3 (10.6) 77.1 (11.0) 77.6 (10.7) 76.6 (10.9)
SBP (mmHg) 134.4 (23.3) 135.0 (22.9) 135.8 (23.0) 137.2 (22.8) 138.7 (23.4) 136.1 (23.1)
TC (mmol/l) 45 (1.4) 4.6 (1.3) 4.6 (1.3) 4.6 (1.3) 4.6 (1.3) 4.6 (1.3)
Triglyceride (mmol/L) 1.8(1.2) 2.0(1.2) 2.0(1.2) 2.1(1.2) 22 (1.2) 2.0(1.2)
HDL (mmol/l) 2.4 (1.1) 2.4 (1.1) 2.4 (1.1) 2.4 (1.1) 2.4 (1.1) 2.4 (1.1)
LDL (mmol/l) 1.3(0.5) 1.3(0.4) 1.3(0.4) 1.2 (0.5) 1.2 (0.4) 1.3(0.5)
Albumin (g/L) 4.1(0.4) 4.1(0.4) 4.1(0.4) 4.0 (0.4) 4.0 (0.4) 4.1(0.4)
ACR (mg/mol) 4.7 (8.2) 5.6 (8.5) 5.6 (8.4) 5.9 (8.6) 6.0 (8.5) 5.6 (8.5)
eGFR (mls/min/1.73m?) 66.4 (20.9) 65.2 (20.9) 65.1(21.1) 64.6 (21.5) 64.3 (21.5) 65.1(21.2)
Diabetes duration (yrs) 3.9(5.0) 3.7 (5.0) 3.9 (5.0) 3.7 (4.6) 3.8 (4.6) 3.8(4.9)
Lifestyle
Smoking status, No. (%)

Non-smoker 812 (49) 1536 (51) 2005 (54) 1403 (53) 930 (55) 6686 (52)
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Ex-smoker 570 (34) 1050 (35) 1179 (32) 840 (32) 538 (32) 4177 (33)
Current smoker 283 (17) 436 (14) 528 (14) 394 (15) 221 (13) 1862 (15)
Alcohol status, No. (%)
Non-drinker 453 (27) 880 (29) 1225 (33) 898 (34) 589 (35) 4045 (32)
Ex-drinker 194 (12) 362 (12) 409 (11) 310 (12) 178 (11) 1453 (11)
Current drinker 1018 (61) 1780 (59) 2078 (56) 1429 (54) 922 (55) 7227 (57)
GLTs, No. (%)
Insulin
Premix 978 (59) 1783 (59) 2206 (59) 1470 (56) 933 (55) 7370 (58)
Basal-bolus 687 (41) 1239 (41) 1506 (41) 1167 (44) 756 (45) 5355 (42)
Metformin 1308 (79) 2496 (83) 3164 (85) 2333 (88) 1530 (91) 10831 (85)
Sulphonylurea 1212 (73) 2186 (72) 2728 (73) 1952 (74) 1246 (74) 9324 (73)
Thiazolidinediones 491 (29) 891 (29) 1172 (32) 878 (33) 622 (37) 4054 (32)
GLP-1RA 159 (10) 281 (9) 431 (12) 371 (14) 289 (17) 1531 (12)
Gliptins 220 (13) 412 (14) 545 (15) 391 (15) 273 (16) 1841 (15)
SGLT-2i 6 (0) 19 (1) 16 (0) 18 (1) 12 (1) 71 (1)
Glinides 70 (4) 116 (4) 176 (5) 115 (4) 85 (5) 562 (4)
Use of Medications, No. (%)
Aspirin 1572 (90) 2859 (92) 3519 (98) 2488 (96) 1584 (96) 12022 (94)
Antihypertensive 1337 (85) 2498 (87) 3114 (88) 2183 (88) 1406 (89) 10538 (83)
LLTs 1391 (88) 2566 (90) 3187 (91) 2238 (90) 1425 (90) 10807 (85)
Comorbidities, No. (%)°
CHD 196 (12) 380 (13) 447 (12) 277 (11) 165 (10) 1465 (12)
PAD 116 (7) 212 (7) 263 (7) 143 (5) 89 (5) 2137 (17)
Heart Failure 90 (5) 167 (6) 205 (6) 141 (5) 110 (7) 713 (6)
Hypoglycaemia 286 (17) 500 (17) 670 (18) 445 (17) 236 (14) 2137 (17)

Abbreviations:

BMI (body mass index); SBP (systolic blood pressure); DBP (diastolic blood pressure); HbAlc (haemoglobin Alc); HDL (high-density lipoprotein); LDL (low-
density lipoprotein); TC (total cholesterol); eGFR (estimated glomerular filtration rate); LLTs (lipid lowering therapies); PAD (peripheral arterial disease);
CHD (coronary heart disease); ACR (albumin creatinine ratio); GLTs (Glucose-lowering therapies); AMI (Acute myocardial infarction);

SD (standard deviation). Diabetes duration is the time from first diagnosis of diabetes to date of insulin initiation (index date)
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5.2.4.2. Association between BMI at insulin initiation vs glycaemic control

A summary of the proportion of patients achieving the National Institute of Health and Care
Excellence (NICE) target of <7.5% (58 mmol/mol) and the odds of attaining this target
compared to the normal BMI category is shown in Table 5.2. Compared to the normal BMI
group, the odds of achieving the target HbAlc significantly declined across all BMI levels at
6 and 12 months (Table 5.2). On the long term (beyond 24 months), there was no significant
difference in the proportion achieving this target, neither was any significant trend observed on

the reduction of the proportion of people achieving their target HbAlc.
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Table 5.2: Proportions and odds of achieving the NICE target HbAlc of <7.5% (58 mmol/mol) by the BMI categories.

6 months 12 months 24 months 36 months 48 months 60 months
cateB(')\files at Prop aOR* Prop aOR* Prop aOR* Prop aOR* Prop aOR* Prop aOR*
ogores (%) (95%Cl) (%) 95%Cl) (%)  (95%Cl) (%) (95%Cl) (%) (95%Cl) (%) (95%Cl)
Normal 36.6 ref 37.0 ref 34.2 ref 34.1 ref 44.8 ref 45.6 ref
. 0.86 0.85 0.87 0.95 0.99 0.95
Overweight 328 75098y 331 (075007 319 (076009 322  (0s3108) *° (s7-112) Mt (0.84-1.08)
Obese 0.80 0.78 0.87 1.01 1.00 0.98
Class | 310 o71-001) 30 (070001 X7 (0770090 32 (0ss115 P (089-114 (086110
Obese 0.78 0.81 0.83 0.95 1.08 0.93
Classll 09 (es-0000 3® (070003 2% (072005 4 (083110 0 (0oes123 P2 (0.82-1.06)
Obese 0.69 0.73 0.91 1.03 1.07 0.99
Class . 2"®  (059-080) 309 (062085 9% (0781060 3°°  (0es121) 1 (093124 4 (085114
o< LRT < LRT o= LRT LRT LRT LRT
. p-value*** p-value p-value p=0.377 p-value p =0.160 p-value p =0.942 p-value
0.0001 0.0001 0.0001 0.0011 0.023 0.2519 0.6366 0.4653 0.8255

Abbreviations: BMI (body mass index); Prop (Proportion in %);

*aOR = Adjusted Odds Ratio. Adjusted for age, duration of diabetes, gender, socioeconomic status (measured by Townsend Deprivation scores); smoking status, diastolic and systolic blood pressure
and insulin-regimen

** p-value of the proportions at the follow-up timeline

***| RT (Likelihood Ratio Test) p-value showing

p-value for trend <0.0001 and 0.001 at 6 and 12 months respectively but not significant ( >0.05) at 24, 36, 48 and 60 months
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Figure 5.2 showed the mean change in HbAlc from baseline in all BMI categories. Overall,
there was a significant reduction in HbAlc- the greatest reduction was seen in the normal BMI
category from 6 to 24 months, but beyond this period, the morbidly obese category recorded
the greatest reduction.

0.1
=——MNormal =——Overweight =——Obese Class| =——0bese Class Il =——=0bese Class I

Mean change in HbAlc (%)

N
-0.7

Baseline & months 12 months 24 months 36 months 48 months 60 months

Figure 5.2: Mean Change (difference) in HbAlc (%) from baseline at 6 to 60 months by
BMI categories (all p-values <0.0001)

With the normal BMI category as the reference group, the adjusted mean changes in HbAlc at
6 months were 0.10% (95%CI: -0.01, 0.21) in the overweight; 0.19% (95%CI: 0.08, 0.29) in
the obese; 0.21% (95%CI: 0.10, 0.32) in the clinically obese and 0.29% (95%CI: 0.17, 0.42)
more in the morbidly obese categories (LRT p-value <0.0001) (Table 5.3). At the end of follow
up at 60 months, the morbidly obese group had the greatest reduction in HbAlc relative to the

normal category (mean coeff: -0.02%, 95%CI: -0.20, 0.19)
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Table 5.3: Mean follow-up HbA1c and mean coefficients of change in HbAlc compared to the normal BMI category

6 months 12 months 24 months 36 months 48 months 60 months
. Mean Mean Mean Mean Mean Mean
BMI categories Coefff* Coefff Coefff Coefff Coefff
4 HbAlc HbAlc HbAlc HbAlc HbAlc HbAlc Coefff (95%ClI)
at baseline (%) (95%Cl) (%) (95%Cl) (%) (95%Cl) (%) (95%Cl) (%) (95%Cl) %)
Normal 8.20 ref 8.19 ref 8.27 ref 8.28 ref 8.27 ref 8.21 ref
. 0.10 0.08 0.08 0.06 0.09 0.08
Overweight 833 161021y 831 (0020199 8% (002019 8% (005017 8% (009,02 &% (0.09,0.25)
Obese 0.19 0.17 0.11 0.01 0.05 0.05
Class | 844 00802090 8% (006027 B (oor021) &® (009,012 &P (0120229 B8 (012021)
Obese 0.21 0.19 0.14 0.05 -0.05 0.06
Class II 848 010032) % (008030 8% (003029 B% (006016 B (024013 B (011029
Obese 0.29 0.25 0.13 0.01 0.0002 -0.002
Class 111 85 0170420 80 (013038 8  (oor025 8%  (o1t,0149 B8P (0200200 B (020,019
LRT LRT LRT LRT LRT LRT
p-value** p-value p-value p-value p-value p-value
<0.0001 0.0002 0.1362 0.6939 0.4038 0.8304

Abbreviations: BMI (body mass index); Prop (Proportion in %);
*Mean coefficient **LRT (Likelihood Ratio Test) p-value showing

p-value for trend <0.0001 and 0.001 at 6 and 12 months respectively but not significant ( >0.05) at 24, 36, 48 and 60 months

Adjusted for age, duration of diabetes, gender, socioeconomic status (measured by Townsend Deprivation scores); smoking status, diastolic and systolic blood pressure, GLTs and insulin-regimen
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5.2.4.3. Association between BMI at baseline and changes in weight and BMI

There was a consistent significant increase in weight and BMI in the normal and overweight
categories throughout the study duration, while the other categories experienced a decrease (p
<0.00001 in all). Patients in the normal and overweight categories experienced weight gain
from 71.8kg and 81.5kg respectively at 6 months, to 80.7kg and 85.3kg (p < 0.0001) at 60
months; but in the obese (classes I to 111) categories, there was a significant reduction in weight
from baseline at each study timeline (e.g. from 115.1kg at 6 months to 103.5kg at 60months
(p<0.0001) in the morbidly obese category) as summarised in Table 5.4. Similarly, BMI
increased from 23.3kg/m? and 28.3kg/m? at 6 months in the normal and overweight categories
respectively to 28.2kg/m? and 30.5kg/m? respectively at 60months (p<0.0001) but other BMI

categories had a significant decrease in BMI (Appendix 3.1).

The mean coefficient of change in weight compared to the normal BMI category showed
greater reduction in weight and BMI across all the BMI categories, compared to the normal
category at all study timelines (LRT p-values were <0.00001 in all). There was a significant
trend (p <0.0001) across the BMI categories. So, for each level of baseline BMI, there was a
reduction in weight and BMI. For instance, our findings at 12 months show that for each level
increase in BMI category, there was a reduction of 1.4kg (95%ClI: -1.5, -1.3; p <0.0001) in

weight and 0.62kg/m? (95%Cl: -0.67, -0.58; p <0.0001) in BMI.
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Table 5.4: Mean follow-up weight and mean coefficients of change in weight compared to the normal BMI category

6 months 12 months 24 months 36 months 48 months 60 months
asgoriesac weght ST wegne SO g OO g o g Coefffe g Coeff
baseline (kg) ° (kg) ° (kg) ° (kg) ° (kg) ° (kg) °
Normal 71.8 ref 72.9 ref 75.6 ref 77.3 ref 78.9 ref 80.7 ref
. -1.31 -1.71 -3.22 -4.61 -5.59 -6.65
Overweight 815 ;67 096) 821  (217,-125) 804 (380 255 839 (540-382 8% (645 -472) 83 (750 572
Obese -2.04 -3.16 -6.57 -8.92 -11.10 -12.57
Class | 04 (-2.39, -1.70) 03 (-3.61, -2.71) 834 (-7.22, -5.91) 89.6 (-9.69, -8.15) 89.0 (-11.9, -10.3) 89.6 (-13.5, -11.7)
Obese -2.60 -4.10 -8.62 -11.62 -14.8 -17.17
Class 1l 093 (098 224y 998 (458362 B4 (032702 ¥C (124108 PP (1571390 BT (182 162)
Obese -3.49 -5.95 -12.22 -17.09 -22.22 -25.35
Class Il 1 (391,308 113 (640 541y MO8 (430,.115 1979 (480,-161) 0% (232212) 103 (264 243
LRT LRT LRT LRT LRT LRT
p-value** p-value p-value p-value p-value p-value
<0.00001 0.00001 <0.00001 <0.00001 <0.00001 <0.00001

Abbreviations: BMI (body mass index)
*Mean coefficient
**LRT (Likelihood Ratio Test) p-value showing. p-value for trend <0.0001 for each follow up timeline
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Figures 5.3 A and B summarise the mean change in weight and BMI within the baseline BMI
categories by the study timelines. The funnel-shape figures depict the different change patterns
between the normal and overweight BMI categories vs the Obese (Classes Il and I11). The obese
class | category maintained almost a plateau. At 60 months, the greatest reductions in weight
and BMI were in the obese class 111 category (losing 12.91kg and 5.66kg/m? respectively from
baseline) as against the normal category which recorded a gain of 11kg in weight and 6.32kg/m?

in BMI from baseline.

A —Normal ——Overweight ——Obese Class] =——=Obese Classll ——Obese ClassIli B —Normal ——Overweight —— Obese Class| ——Obese Classll —Obese Class

= ]

Mean change in weight (kg)
Mean change in body mass index (kg/m3)

-15

-20
Baseline 6 months 12 months 24 months 36 months 48 months 60 months
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6
5
4
3
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1
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1
2
3
4
5
6
a7

Baseline 6 months 12 months 24 months 36months 48 months 60 months

Figure 5.3: The mean difference in (A) weight (kg) and (B) BMI (kg/m?) from baseline at
6 to 60 months by BMI categories (all p-values <0.0001)

5.2.4.4. Risk of Major Adverse Cardiovascular Event (MACE)

The mean follow-up duration was 4.38 years with a total follow-up of 49,516 person-years.
There is no significant difference in survival between the baseline BMI categories at Syears
(log-rank test p-value = 0.228). There were 1,095 composite events of MACE, with a crude
event rate of 22.1 per 1,000 person-years (95%CI: 20.8, 23.5). Compared to the normal BMI

category at insulin initiation, there were 10% [aHR: 1.10 (0.90 — 1.35)]; 5% [aHR: 1.05 (0.86
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— 1.29)]; 3% [aHR: 1.03 (0.83 — 1.29)]; and 30% [aHR: 1.30 (1.02 — 1.66)] higher risks of
MACE in the overweight, obese, clinically obese and morbidly obese categories respectively,
after adjusting for age, gender, use of LLTs and antihypertensives, comorbidities of heart
failure and coronary heart disease, alboumin, GFR, lipid profile, and the use of GLP-1RA (Table

5.5).

5.2.4.5. Subgroup Analysis

In the adjusted model, compared to the normal BMI category on insulin initiation, the risk of
all-cause mortality was 9% [aHR: 1.09 (0.81 — 1.45)]; 12% [aHR: 1.12 (0.84 — 1.49)]; 31%
[aHR: 1.31 (0.96 — 1.77)]; and 75% [aHR: 1.75 (1.26 — 2.43)] higher in the overweight, obese,
clinically obese and morbidly obese categories respectively; while the risks of a composite CV
event were 25%, 21%, the same, and 34% respectively higher in the overweight, obese,
clinically obese and morbidly obese BMI categories, compared to patients with normal BMI at

baseline. This, and the risk of non-fatal stroke and M1 are presented in Table 5.5.
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Table 5.5: Events, rates and hazard ratios of composite MACE and subgroup of all-cause mortality, non-fatal M1 and stroke by baseline
BMI categories.

Normal Overweight Obese Class | Obese Class 11 Obese Class I Total
(n=1665) (n=3022) (n=3712) (n=2637) (n=1689) (n=12,725)
Composite Outcome?
No of events/person-years 143/6,508 284/11,694 320/14,542 201/10,275 147/6,495 1095/49,516

Composite event rates® (95%CI)  22.0 (18.6 — 25.9)
Adjusted HR® (95%Cl) ref

Composite Cardiovascular event®
No of events/person-years 70/6510
CV event rates® (95%Cl) 10.8 (8.5 —13.6)
Adjusted HR® (95%Cl) ref

All-cause mortality
No of events/person-years 73/6,667
Mortality rates® (95%Cl) 10.9 (8.7 - 13.8)
Adjusted HR® (95%Cl) ref

Non-fatal Acute Myocardial Infarction (AMI)

No of events/person-years 13/6,639
AMI event rates® (95%Cl) 20(1.1-3.4)
Adjusted HR® (95%Cl) ref
Non-fatal Stroke
No of events/person-years 57/6,541
Stroke event rates® (95%Cl) 8.7 (6.7-11.3)
Adjusted HR® (95%CI) ref

24.3 (21.6 - 27.3)
1.10 (0.90 — 1.35)

143/11,701
12.2 (10.4 - 14.4)
1.25 (0.86 — 1.81)

141/12,007
11.7 (10.0 - 13.8)
1.09 (0.81 — 1.45)

21/11,960
1.8 (1.1-27)
1.40 (0.51 — 3.84)

122/11,755
10.4 (8.7 — 12.4)
1.25 (0.84 - 1.87)

22.0 (19.7 - 24.6)
1.05 (0.86 — 1.29)

150/14,549
10.3 (8.8 - 12.1)
1.21 (0.73 - 2.02)

169/14,868
11.4 (9.8 — 13.2)
1.12 (0.84 — 1.49)

20/14,828
1.3(0.9-2.1)
2.24 (0.53 — 9.48)

130/14,597
8.9 (7.5 10.6)
1.13 (0.66 — 1.95)

19.6 (17.0 - 22.5)
1.03 (0.83 - 1.29)

81/10,280
7.9 (6.3 9.8)
0.99 (0.49 — 1.97)

119/10,445
11.4 (9.5 13.6)
1.31(0.96 - 1.77)

8/10,434
0.8 (0.4 1.5)
1.76 (0.23 - 13.3)

73/10,295
7.1 (5.6 - 8.9)
0.92 (0.45 — 1.92)

22.6 (19.3 — 26.6)
1.30 (1.02 - 1.66)*

56/6,499
8.6 (6.6 — 11.2)
1.34 (0.53 — 3.40)

90/6,612
13.6 (11.1 - 16.7)
1.75 (1.26 — 2.43)*

3/6,610
05(0.1-1.4)
2.94 (0.19 — 46.0)

53/6,505
8.1 (6.2 -10.7)
1.17 (0.44 - 3.16)

22.1 (20.8 — 23.5)

500/49,541
10.1 (9.2 - 11.0)

592/50,601
11.7 (10.8 - 12.7)

65/50,472
1.3(1.0-1.6)

435/49,695
8.8 (8.0 9.6)

@ Composite outcome is a three-point MACE including all-cause mortality, non-fatal acute myocardial infarction (AMI) and non-fatal stroke.
bRates at 1000 person-years. 95%CI — 95% confidence interval.
¢ aHR (Adjusted Hazard Ratio). Adjusted for age, gender, use of lipid-lowering therapies, use of antihypertensives, comorbidities of heart failure and coronary heart
disease at baseline, albumin, glomerular filtration rate, lipid profile, and use of glucagon-like peptide receptor analogues (GLP-1RA) at baseline.
4 Composite Cardiovascular event is a two-point event of non-fatal acute myocardial infarction (AMI) and non-fatal stroke.

* P-value <0.05
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5.2.5. Discussion

Several conclusions could be derived from this observational study obtained from a large
longitudinal real world data. Firstly, HbAlc was reduced irrespective of baseline HbAlc with
a marginal greater HbAlc reduction in the normal/overweight weight group in the first 2 years
and obese group at 3 years of insulin treatment. Secondly, insulin induced significant weight
gain among normal and overweight individuals but a paradoxical weight loss in the obese
individual. Thirdly, the observed weight loss in the obese group especially stage 111 obesity,
was consistent over 12, 24 and 36 months of insulin treatment; and lastly morbid obesity was
associated with an increased risk of mortality at 5 years of follow up. This study provides
reassurance of the efficacy of insulin treatment in patients with T2D, irrespective of their

baseline BMI, but highlights the high mortality risk for the obese patients with T2D.

These findings are robust, and are supported by separate analyses to explore possible
confounders and via sensitivity analysis. This is further supported by consistent findings in
patients from the entire cohort. The level of HbAlc and CV risk profile (e.g. lipid, blood
pressure) were clinically similar across all weight change categories. These findings were in
concordance with a previous study using a US-based electronic medical record which reported
a reduction in HbAlc was associated with progressively less weight gain as baseline BMI
rose.?>* The inference from that study that the lesser weight gain seen in obese patients was due
to the use of less intensive insulin therapy may also apply to this cohort, although interestingly,
| observed greater HbAlc reduction and greater weight loss in the obese group, compared with
the normal and overweight group at 36 months of insulin initiation. When adjusted for different
confounders, | observed an overall greater HbAlc reduction in in the normal weight group and

lesser weight in the overweight and obese group.
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Although I observed the association between higher mortality rates with baseline obesity at
insulin initiation, this study did not infer a causative role of insulin treatment in inducing the
adverse mortality outcome in obese patients. Indeed, increased body weight among obese
individuals per se is recognised to lead to worsening of cardiovascular risk factors®® and in a
prospective study of more than 17,000 middle-aged patients, obese patients with diabetes had
a 3-fold greater risk of mortality compared to non-obese patients with diabetes, independent of
their glucose lowering treatment.> 2°¢ Whether insulin-induced weight gain is associated with
adverse CV outcome remains unknown because robust large scale clinical trials such as
UKPDS,?> ADVANCE?'° and ACCORD® study did not stratify their CV outcomes by weight-
loss or weight-gain, for any given level of glycaemic control. However, in a post hoc analysis
of the ACCORD study, patients who were inadequately controlled at baseline and received
intensive glucose lowering strategy but still had suboptimal glucose control (HbAlc >7%; >53
mmol/mol) experienced higher mortality rate.** This observation suggests patient-factors
which are associated with persistently high HbAlc, despite intensive treatment, appear to be
the most important determinant of increased mortality risks. To this end, an important
confounder that needs to be considered in our observation is that insulin-induced weight gain
suggests patients’ compliance to insulin treatment intensification and thus a surrogate marker

of compliance to holistic care and treatment.

Thus, the observation from this study that obese patients experienced relative weight loss and
less HbAlc reduction (compared to the normal and overweight group) could potentially imply
a less compliant or less aggressively managed patients. While compliance to insulin therapy
may also be a factor in this observation, it might be conceivable that overweight patients were
provided with more detailed advice regarding strategies to lose weight and/or a referral to
dietitian, due to anticipated weight gain due to insulin, than individuals who are underweight

or have normal weight. However, this observation only holds valid in the first 24 months of
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treatment, because at 36 months of treatment, there appears to be a greater relative HbAlc
reduction in the obese group, compared with normal or overweight. Nevertheless, | contend
that that failure to achieve HbA1c reduction, despite optimal glucose-lowering treatment, in

obese patients should trigger clinicians to intensify cardiovascular risk reduction strategies.

5.2.6. Limitations

These analyses were subject to some limitations that are inherent to observational studies.
Firstly, as previously discussed, | could not ascertain treatment compliance. Also, some factors
like lifestyle and dietary intervention may influence our findings. | was also not able to obtain
the longitudinal insulin doses, an important predictor of insulin-induced weight gain. 24
Differences in the use of different glucose lowering therapy are large. This however reflects
the current preference of glucose lowering therapy in UK primary care, i.e. a high preference
for metformin and sulfonylurea, but less experience with novel therapies like DPP4 inhibitor,
GLP-1RA and SGLT inhibitors. In addition, the long duration of diabetes may also account for
differences in the use of GLT in this study. This may be, since the aim was to look at status of
baseline weight per se on metabolic and CV outcomes, | would argue that this should not
influence the robustness of our findings. Although | could not account for other potential
residual confounders such, indications for intensification treatments, markers of [-cell
deterioration, doses of lipid lowering or antihypertensive therapy and frequency of
hypoglycaemia, | was able to account for differences in the observed covariates and used robust
analytical techniques to control confounding that may bias the results of the estimated treatment
effects. Finally, the THIN database, at the time of this dataset was obtained, had no records on
ethnicity of the population. This could have implications for the Asian ethnic minorities in

whom the above BMI classification does not strictly apply; whom also, at a lower BMI
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(compared to the above), may have all the metabolic risks associated. These findings must be

interpreted with great caution among this group.

5.2.7. Conclusion

In summary, | have shown that while insulin treatment is associated with weight gain in those
with normal and overweight BMI, baseline weight confers only a marginal influence on its
efficacy in achieving HbA1c target. Nevertheless, morbidly obese patients at the time of insulin
initiation appear to be at high risk of mortality. While these findings should provide important
reassurance among patients with T2DM who gained weight following insulin treatment in

routine clinical practice, it also highlights the high mortality risk of obese people with T2D.
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5.3. Study 2 — Association between insulin-induced weight change vs glycemic

control, cardiovascular events and all-cause mortality.

5.3.1. Summary

Background
This study aims to explore the effect of insulin-induced weight (wt) gain on CV outcomes and
mortality amongst patients with T2D following insulin initiation and to determine if any

weight-gain has any effect on glycaemic control.

Methods

A retrospective cohort study was performed in adults with insulin-treated T2D derived from
the UK Health Improvement Network (THIN) database. Based on the average weight change
of 5kg one-year post-insulin initiation, patients were grouped into 5 categories (>5kg wt loss;
1.0-5.0kg wt loss; no wt change; 1.0-5.0kg wt gain; and >5.0kg wt gain) and followed-up for
5 yrs. Cox proportional hazard models and Kaplan-Meier estimators were fitted to estimate the
hazards of a three-point composite of non-fatal myocardial infarction, stroke and all-cause
mortality between the categories. While in a subgroup of this cohort, differences in weight and
HbA1c from the baseline were determined at 6, 12, 24 and 36 months of insulin use and used
to classify patients into weight-loss, weight-neutral and weight gain groups. Spearman’s
regression coefficient model was used to determine the relationship between weight-gain and
glycaemic control at 6, 12, 24 and 36 months and the adjusted mean differences in HbAlc in

these weight-change groups compared with the weight-neutral group.
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Results

The median age was 62.8 (IQR: 52.3-71.8) years, HbAlc: 8.6% (IQR: 7.4-9.8) and mean BMI:
31.8(6.5) kg/m?. The 5-year probability of survival differed significantly within the wt-change
categories (log-rank test p-value = 0.0005). A total of 1963 composite events occurred.
Compared to the weight-neutral group, the risk of composite events was 31% greater in the
>5kg wt-loss group (aHR: 1.31; 95%CI: 1.02, 1.68), the same in the 1.0-5.0kg wt-gain
category; but non-significantly increased by 15% and 13% in the 1.0-5.0kg wt-loss and >5.0kg
wt-gain categories respectively. In the obese subgroup, this risk was 50% (aHR: 1.50, 95%CI:
1.08 — 2.08) more in the >5kg weight-loss group, compared to the weight-neutral group.

In the sub-cohort of 18,227 participants, 53.2% were males; mean age was 61.5+13.6 years;
weight: 91.3+18.7 Kg; and HbA1c: 8.7+1.8 %. There was a weak negative correlation between
weight and HbA1c as shown by HbALlc reductions of -0.011% at 6 months (p < 0.0001) and -
0.0003% at 36 months (p = 0.022) for each unit increase in weight (kg). The weight-gain group
had greater reductions in HbAlc compared to the weight-neutral group and this was greatest at
12 months (-0.121%, p <0.0001) but the weight-loss group did not record any significant

change in HbAlc.

Conclusion

Insulin-induced weight-gain was associated with significant reductions in HbAlc and did not
translate to adverse CV outcomes and mortality in patients with T2D without any CVD at
baseline. This provides reassurance and allays the fear of practitioners who experience clinical
inertia in initiating insulin therapy due to concerns about weight-gain, glycaemic control, and

cardiovascular safety.
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5.3.2. Introduction

Insulin therapy commonly results in weight gain in people with T2DM.?*? In the United
Kingdom Prospective Diabetes Study (UKPDS), patients in the intensive intervention cohort
gained in excess of 5 kg during the 10-year follow-up period, with most of this gain occurring
in the first 12 months.?2 In routine clinical practice, however, it has been previously shown that
the effectiveness of insulin therapy to lower HbAlc levels however is variable and associated
with patients’ baseline weight.??® 2 This is because insulin-induced weight gain results in an
increase in the amount of insulin required to control hyperglycaemia,'’® ! at the expense of

further weight gain, possible poor treatment compliance and increased insulin resistance.

Despite the well-recognised correlation between weight gain and cardiovascular (CV) disease,
there is little direct evidence relating to the impact of insulin-induced weight-gain on CV
outcomes. However, there is compelling indirect evidence that weight-gain does adversely
affect CV risk. In the Nurses’ Health Study, weight gain of >2kg following a diagnosis of
diabetes was associated with a 16% increased risk of CV heart disease.?>’ The ACCORD study
designed to investigate whether an aggressive therapeutic strategy to achieve tight glucose
target (HbAlc <6.5%) would reduce CV events surprisingly resulted in an increased mortality
in the intensively treated group.®® The mean BMI of patients in the study was 32.2kg/m? and
weight-gain by more than 10kg occurred in 27.8% of the intensively treated patients compared
with 14.1% in the standard therapy. While a causal relationship between weight gain and
adverse CV outcomes cannot be assumed, retrospective studies have shown that people with
diabetes who actively lose weight improve not only their risk profile?®-2> put also survival
rate. On the other hand, a study in a small population with type 1 diabetes reported that in spite
of the weight-gain associated with insulin use, there was an improvement in HbA1c level 2%

similar to the UKPDS where people assigned to insulin reported the greatest weight gain over

the shortest period despite improved glycaemic control.?> "2 However, little is known of the
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long-term association of weight-gain and glycaemic control in high-risk group of insulin users
in routine clinical care. So, using evidence from real-world data, this study therefore aims to
achieve two objectives: explore the association of insulin-induced weight gain and CV
outcomes including all-cause mortality and the relationship between changes in weight post-

insulin initiation and glycaemic control.

5.3.3. Methods

5.3.3.1. Study Design and Data Source

A retrospective cohort study was conducted with data obtained from the UK Primary Care via
The Health Improvement Network (THIN) database. This database has been described in

chapter 2.

5.3.3.2. Study Populations

All adult T2D insulin users were eligible for inclusion. Furthermore, these patients must have
initiated insulin therapy between January 2007 and May 2014 irrespective of previous or
concurrent use of other glucose-lowering therapies (GLTs). T2DM was identified based on the
ICD-10 codes and patients with codes for both type 1 and type 2 diabetes, or those who
discontinued insulin use within 6 months of initiation were excluded. People with history of
CV diseases prior to insulin initiation were excluded from the study. Additionally, to minimise
the prevalent user bias, patients with diagnoses of CV diseases (non-fatal MI and stroke) on
insulin initiation or up to 180 days after were also excluded; while patients with type 1 diabetes
were not eligible for inclusion in the study. For the second study objective, participants who

had both weight and HbA1lc recordings missing at baseline were excluded before imputation.
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5.3.3.3. Exposure

For study objective 1, exposure was defined as change in weight, one-year post-insulin
initiation. This was measured by the difference between the baseline weight (at insulin
initiation) and the weight after one year, measured in kilogram. There was no consideration on
the specific type or mode of administration of insulin. Change in weight was categorised into
five groups based on the average weight change of 5kg within this period as reported by
previous studies? thus: >5kg wt loss; 1.0-5.0kg wt loss; no wt change; 1.0-5.0kg wt gain; and
>5.0kg wt gain. Participants were followed up for 5years to the earliest of the occurrence of
any of the defined composite outcome, loss to follow-up (transfer out of practice), or

discontinuation of insulin therapy, or at the end of the study.

For study objective 2, the exposure was defined as above and the cohort was grouped at 6, 12,
24 and 36-month timelines post-insulin initiation based on this into three broad categories:
weight-loss, weight-neutral and weight-gain groups. This was to be able to effectively assess

the relationship between weight-gain or otherwise and glycaemic control.

5.3.3.4. Outcome

In study objective 1, the study outcome was time to a three-point composite of all-cause
mortality, non-fatal myocardial infarction (MI) and non-fatal stroke. These outcomes were
identified and extracted with the appropriate READ CODES from the THIN database. For
study objective 2, the main outcome was glycaemic control (measured by change in HbAlc

(%) from baseline) at 6, 12, 24, 36 months’ timelines.
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5.3.3.5. Covariates

Baseline variables were selected a priori based on clinical significance. These were described

in detail in chapter 2.

5.3.3.6. Statistical Analyses

For both study objectives, baseline variables were summarised within their respective
categories of weight-change using mean values and standard deviation (SD) for continuous
variables; and frequencies (%) for categorical variables. The differences between these baseline
categories were analysed using Pearson’s Chi square tests or linear regression and summarized
in tables. Missing data among the exposure variable (weight) and other baseline covariates in
the dataset were generally accounted for using multiple imputations with the chained equation

(MICE) model.

In study objective 1, the primary analysis was time to a three-point composite outcome of non-
fatal MI, non-fatal stroke and all-cause mortality. So, | obtained the crude and adjusted
Kaplan—Meier estimates of survival functions for the 5 categories of weight-change with log-
rank test comparing the equality of the survival curves between them. From these survival
functions, the absolute reduction in the probability of an event occurring within a 5-year follow-
up was determined. Later, | fitted a Cox proportional regression model to estimate the marginal
hazard ratios and quantify the adjusted hazard of an event occurring in all the quintile groups
compared to the third (no weight-change) group. Covariates which had changed the measure
of effect by 10% in our univariate analysis were considered significant confounders and were
included in, and adjusted for, in the final Cox model. Violations of the proportional hazards

assumptions were confirmed through Schoenfeld residuals test.
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For study objective 2, I first fitted a linear regression models at the 6, 12, 24, and 36th month
timelines to evaluate the association between change in weight (expressed as a continuous
variable) and change in HbAlc after adjusting for significant baseline covariates. Later, | fitted
another linear regression model to compare the mean changes in HbAlc within the three
weight-change categories after adjusting for baseline covariates. The mean differences (95%

confidence interval) in HbAlc change (%) were compared to the weight-neutral category.

5.3.3.7. Subgroup/Sensitivity Analyses:

Additional sensitivity analyses were carried out to check the appropriateness of the 5 broad
classifications adopted for study objective 1 by reclassifying the change in weight as quintiles
of weight-change. Subgroup analyses were performed on patients with BMI > 30kg/m? to

estimate the impact of weight changes on adverse composite outcomes in the obese population.

5.3.4. Objective 1 - Results

5.3.4.1. Cases and Total Follow up:

A total of 18,814 new insulin fulfilled our inclusion criteria. In Figure 5.4, a flow diagram
illustrates how this cohort was derived. This population was distributed thus: >5kg wt loss
(21.9%); 1.0-5.0kg wt loss (28.2%); no wt change (5.2%); 1.0-5.0kg wt gain (20.5%); and
>5.0kg wt gain (24.3%). The mean follow-up duration was 3.7+2.9 years which represents a

total follow-up period of 65,435.704 person-years.
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25,523 people with dizbetes who initiated
inzulin identified in the dataset

994 patients with type 1
diabetes excluded

¥

24,530 patients remaining

5715 patients excluded

- History of CV event before
* orwithin 180days after
insulin initiation

15,514 patients eligible
for inclusion in the study
5198 dropped before the end
of the study.
- Developed aiy of the study

»| cuicomes (1963)

-Transfer out practice (3230)
-Discontinuation of insulin
within I year of inftiation (3)

13,616 patients followed
up to the end of the
study in 5 vears

Figure 5.4: Selection of study cohort
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5.3.4.2. Patients’ Characteristics

The overall mean age was 61.5 (SD: 13.6) years with a mean HbAlc of 8.7% (SD: 1.8) and
higher proportion (53.2%) of males. The 1.0 - 5.0kg group was younger, while the weight
neutral group had lower HbAlc. The overall mean weight was 91.3kg but the group which lost
more than 5kg had a greater weight of 96.6kg. Summarily, significant differences were
observed between the categories in socio-economic status (p = 0.05), alcohol intake (p = 0.048)
and use of lipid-lowering agents (p=0.0001). Table 5.6 summarises the baseline characteristics
of the study cohort by the categories of change in weight one year after the initiation of insulin.
The proportions of recorded data observed to be missing for weight were 15.8% and 36.5% at

baseline and after one year were respectively. These were noted to be missing at random.
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Table 5.6: Baseline characteristics of study cohort by categories of weight change

Weight Change Lost > 5kg Lost 1.0 to 5.0kg No Change Gained 1.0 to 5.0kg Gained > 5.0kg Total
(n=4116) (n=5311) (n=970) (n =3852) (n = 4565) (n=18,814)
Demographics
Age (yrs). Mean (SD) 61.8 (14.0) 61.3 (13.5) 61.8 (13.6) 60.8 (13.6) 62.1 (13.5) 61.5 (13.6)
Gender. No. (%)
Male 2150 (52) 2807 (53) 503 (52) 2046 (53) 2508 (55) 10,014 (53.2)
Female 1966 (48) 2504 (47) 467 (48) 1806 (47) 2057 (45) 8800 (46.8)
Smoking Status. No (%)
Non-smoker 2006 (49) 2607 (49) 464 (48) 1893 (49) 2208 (48) 9178 (48.8)
Ex-smoker 1497 (36) 1924 (36) 355 (37) 1402 (36) 1754 (38) 6,932 (36.8)
Current 613 (15) 780 (15) 151 (16) 557 (14) 603 (13) 2704 (14.4)
Alcohol Status. No (%)
Never 1635 (40) 1960 (37) 338 (35) 1401 (36) 1725 (38) 1202 (6.4)
Ex-drinker 249 (6) 328 (6) 70 (7) 253 (7) 302 (7) 7059 (32.5)
Current 2232 (54) 3023 (57) 562 (58) 2198 (57) 2538 (56) 10,553 (56.1)
Deprivation. No (%)
Least deprived 814 (21) 1042 (21) 204 (22) 732 (20) 888 (20) 3680 (19.7)
Second quintile 784 (20) 1016 (20) 187 (20) 751 (20) 863 (20) 3601 (19.1)
Third quintile 846 (22) 1088 (21) 193 (21) 740 (20) 963 (22) 3830 (20.4)
Fourth quintile 822 (21) 1116 (22) 202 (22) 818 (22) 937 (21) 3895 (20.7)
Most deprived 655 (17) 816 (16) 140 (15) 634 (17) 711 (16) 2956 (16.5)
Clinical Parameters. Mean (SD)
HbAlc (%) 8.6 (1.8) 8.7 (1.8) 8.6 (1.8) 8.7 (1.8) 8.7 (1.9) 8.7 (1.8)
BMI (kg/m?) 34.7 (6.8) 32.9 (6.6) 32.3 (6.4) 31.9(6.7) 30.6 (6.8) 32.5(6.9)
Diabetes duration (yrs) 4.5 (4.8) 4.1(4.9) 4.3 (4.6) 4.1(4.8) 4.6 (5.1) 4.3 (4.9)
Time on insulin (yrs) 4.1(6.2) 3.8 (6.4) 4.3 (6.4) 3.7 (6.2) 4.0 (6.6) 3.9 (6.4)
Height (m) 1.7 (0.2) 1.7 (0.1) 1.7 (0.1) 1.7 (0.1) 1.7 (0.2) 1.7 (0.1)
Weight (kg) 96.6 (18.3) 92.1(18.2) 90.3 (17.8) 89.8 (18.4) 87.0 (18.8) 91.3 (18.7)
DBP (mmHg) 76.2 (10.8) 75.8 (10.9) 75.9 (10.7) 75.8 (10.9) 76.1(10.8) 76.0 (10.8)
SBP (mmHg) 138.7 (23.1) 136.6 (22.9) 135.7 (21.6) 135.7 (22.7) 134.5 (23.5) 136.3 (23.0)
Albumin (g/L) 4.0 (0.4) 4.1(0.4) 4.1(0.4) 4.1(0.4) 4.1(0.4) 4.0 (0.4)
ACR (mg/mol) 5.8 (8.5) 5.8 (8.6) 6.1(8.4) 5.7 (8.4) 5.8 (8.4) 5.8 (8.5)
eGFR (mls/min/1.73m?) 61.7 (21.3) 63.0 (21.2) 62.4 (21.4) 63.6 (20.8) 63.6 (21.3) 62.9 (21.2)
TC. (mmol/L) 4.6 (1.3) 4.5 (1.3) 4.5 (1.2) 4.5 (1.3) 4.5 (1.3) 4.5 (1.3)
Triglyceride (mmol/L) 2.1(1.3) 2.1(1.2) 2.0(1.2) 2.0(1.2) 2.1(1.2) 2.0(1.2)
LDL (mmol/L) 2.4 (1.1) 2.4 (1.1) 2.3(1.0) 2.4 (1.1) 2.3(1.1) 2.4 (1.1)
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HDL (mmol/L)
BMI Categories
Normal
Overweight
Obese

Use of Medications
Aspirin
LLT
Antihypertensives
Glucose Lowering Therapies
Insulin - Premix
- Basal-bolus

Metformin
Sulphonylurea
Thiazolidinediones
GLP-1RA
Gliptins
SGLT-2i
Glinides
Combination Therapies
Dual
Triple
Quadriple
Comorbidities
Hypoglycaemia
Heart Failure
PAD
Other CHD

1.2 (0.4)

319 (8)
717 (17)
3080 (75)

3940 (98)
3541 (90)
3565 (90)

2389 (21)
1727 (23)

3523 (22)
3203 (23)
1327 (23)
438 (22)
589 (23)
17 (20)

133 (22)

941 (21)
1405 (22)
1750 (22)

725 (18)
568 (14)
522 (13)
1226 (30)

1.2 (0.4)

580 (11)
1296 (24)
3435 (65)

5079 (97)
4621 (91)
4630 (91)

3210 (29)
2101 (27)

4422 (28)
3857 (27)
1548 (27)
527 (27)
698 (27)
26 (31)

171 (28)

1458 (24)
1736 (28)
2084 (26)

902 (17)
712 (13)
688 (13)
1615 (30)

1.2 (0.4)

128 (13)
241 (25)
601 (62)

923 (99)
840 (91)
844 (91)

589 (5)
381 (5)

798 (5)
745 (5)
276 (5)
99 (5)
125 (5)
3 (4)
25 (4)

236 (5)
351 (6)
380 (5)

177 (18)
138 (14)
130 (13)
276 (28)

1.2 (0.5)

569 (15)
990 (26)
2293 (60)

3710 (99)
3368 (91)
3370 (91)

2348 (21)
1504 (20)

3278 (21)
2899 (20)
1165 (20)
369 (19)
546 (21)
16 (19)

130 (21)

938 (20)
1292 (21)
1610 (20)

686 (18)
518 (13)
511 (13)
1144 (30)

1.2 (0.5)

948 (21)
1233 (27)
2384 (52)

4395 (98)
3972 (90)
4022 (91)

2668 (24)
1897 (25)

3996 (25)
3527 (25)
1505 (26)
516 (26.5)
618 (24)
23 (27)
149 (25)

1001 (25)
1492 (24)
2054 (26)

790 (17)
663 (15)
660 (14)
1420 (31)

1.2 (0.4)

2544 (13.5)
4477 (23.8)
11,793 (62.7)

18047 (98)
16342 (90.5)
10830 (87.7)

11204 (60)
7610 (40)

16017 (85)
14235 (76)
5821 (31)
1949 (10)
2576 (14)
85 (0.6)
805 (4)

4574 (34)
6276 (34)
7964 (42)

3280 (17)
2599 (13.9)
2511 (13.4)
5681 (30.2)

Diabetes duration is time from first diagnosis of diabetes to date of intensification with insulin (index date).
Comorbidities: other recorded medical disorders.

ACR, albumin creatinine ratio; BMI, body mass index; CHD, coronary heart disease; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; HbAlc, Haemoglobin Alc; HDL, high-density

lipoprotein; INS, insulin; LDL, low-density lipoprotein; LLT, lipid-lowering therapy; PAD, peripheral arterial disease; SBP, systolic blood pressure; TC, total cholesterol.
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5.3.4.3. Crude Event Rates:

Although the probability of survival was similar (99%) between the weight categories at one
year, there was a general decrease at five years in all the weight-change categories. This ranged
from 83% in the group who lost > 5kg, to 88% in the weight neutral group (log-rank test p-
value =0.0005). Figure 5.5 shows a Kaplan-Meier plot of survival probability for the composite

outcomes within the weight-change categories.

Unadjusted Kaplan-Meier estimates for composite CV events

1.00

0.95
1

Estimated Probability of Survival
0.90
|

Tp]
o
o
— lost > 5kg — lost 1 to 5kg —— no weight changg
= gained 1 to 5kg —— gained > 5kg
d T T T T T T
0 1 2 3 4 5

Years of Follow-up
No at risk(failure)
lost > 5kg 3738 (50) 3496 (48) 2962 (35) 2556 (27) 2171 (26) 1852
lost 1 to S5kg 4829 (71) 4514 (50) 3930 (38) 3457 (38) 2961 (27) 2628
no change 872 (12) 826 (11) 710 (3) 632 (6) 560 (4) 487
gained 1 to 5kg 3498 (46) 3306 (27) 2898 (35) 2545 (25) 2244 (19) 1946
gained > 5kg 4131 (50) 3853 (54) 3327 (52) 2880 (34) 2521 (24) 2167

Figure 5.5: Kaplan-Meier Curve showing the probability of survival between the weight-
change categories (log-rank test p-value = 0.0005).

Overall, there were 1,963 composite events of all-cause mortality, non-fatal stroke and non-
fatal acute MI; with a crude incidence rate of 30 per 1,000 person-years (95%CI: 28.8 — 31.5).
These were distributed thus within the weight change categories: Those with >5kg weight loss:

498 events (36 per 1000pyrs); 1 to 5kg weight loss: 544events (29 per 1000pyrs); no change in
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weight: 87 events (26 per 1000pyrs); 1 to 5kg weight gain: 360events (26 per 1000pyrs); and

>5kg weight gain: 474 events (30 per 1000pyrs). These events are summarised in Table 5.7.

5.3.4.4. Risk of Composite CV Outcomes:

The hazard of the three-point composite outcome of non-fatal AMI, non-fatal stroke and all-
cause mortality was compared to the no weight change group (Table 5.7). The unadjusted
hazard for the composite outcome was 41% higher (HR: 1.41, 95%CI: 1.23 — 1.77) in patients
who lost greater than 5kg weight year post-insulin initiation compared to the weigh-neutral
group. However, this risk was 15%, 3% and 19% non-significantly higher in the 1.0 — 5.0kg
weight loss; 1.0 - 5.0kg weight gain and >5.0kg weigh-gain groups respectively in the

unadjusted model.

Following adjustment for significant baseline variables as age, duration of diabetes, diastolic
and systolic blood pressures, height, weight, aloumin, glomerular filtration rate, gender,
smoking status, alcohol status, lipid profile, socio-economic status (measured by Townsend
deprivation scores), use of other glucose-lowering medications and antihypertensives; and
other comorbidities (as heart failure and peripheral artery disease); the hazard slightly reduced
t0 31% (aHR: 1.31, 95%CI: 1.02 — 1.68) in patients who lost greater than 5kg compared to the
weight-neutral group. Similarly, the hazard was non-significantly reduced to 13% (95%ClI:
0.93 — 1.15) in those who gained > 5kg of weight but was the same (aHR: 1.15, 95%CI: 0.90
— 1.47) in those who lost 1 to 5kg and unity (aHR: 1.00, 95%CI: 0.78 — 1.30) in those who

gained 1 to 5kg, compared to the weight-neutral group.
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Table 5.7: Events, Incidence Rate and Hazards of Composite Outcome by Weight-Change Categories

Weiaht Change Lost > 5kg Lost 1.0 to 5.0kg No Change Gained 1.0 to 5.0kg Gained > 5.0kg Total
g 9 T (n=4116) (n = 5311) (n = 970) (n =3852) (n = 4565) (n = 18,814)
Study Population
Composite Outcome? 498 544 87 360 474 1963
Incidence rate (per 1000pyrs) 35.7 29.4 25.5 26.3 30.3 30.1
(95% CI) (32.7-39.0) (27.0-32.0) (20.7-31.5) (23.7-29.2) (27.7-33.1) (28.8-31.5)
Adjusted Hazard Ratio® 1.31 1.15 1 (ref) 1.00 1.13 -
(95% CI) (1.02 - 1.68) (0.90-1.47) - (0.78-1.30) (0.93-1.15) -
p-value 0.032 0.263 - 0.975 0.344 -
Obese subgroup (BMI > 30kg/m?)
Composite Outcome? 362 335 49 209 246 1201
Incidence rate (per 1000pyrs) 345 21.7 23.3 25.5 29.8 29.2
(95% CI) (31.2-38.3) (24.9-30.9) (17.6 —30.8) (22.2-29.1) (26.3-33.8) (26.3-33.8)
Adjusted Hazard Ratio® 1.50 1.27 1 (ref) 1.14 1.29 -
(95% CI) (1.08 —2.08) (0.91-1.76) - (0.81-1.60) (0.92-1.81) -
p-value 0.014 0.159 - 0.455 0.136 -

& Composite outcome includes all-cause mortality, non-fatal acute myocardial infarction (AMI) and non-fatal stroke.

® Adjusted for age, diabetes duration diastolic and systolic blood pressure, height, weight, albumin, glomerular filtration rate, gender, smoking status,
alcohol status, lipid profile, Townsend Deprivation score, number of glucose-lowering therapies, Lipid-lowering therapies, antihypertensives, heart failure
and peripheral artery disease.
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The proportional hazards assumptions of the cox-regression analysis were tested by adding by
comparing the cumulative hazard plots groups on the exposure group, including an interaction
term of the predictor and log time and also by using Schoenfeld residuals test. No violations
were observed as both were found to be non-significant and satisfied the proportional hazard

assumption.

5.3.4.5. Sensitivity and Subgroup Analyses:

Obese subgroup: In the obese (BMI of 30kg/m? and above) population subgroup, 1,201
composite events occurred, giving a crude incidence rate of 29/1,000 person-years (95%CI: 28
- 31). The distribution of the events and their incidence rates by the weight change groups are
shown in Table 5.7. Compared to the weight-neutral group, the adjusted risk of composite CV
risk and all-cause mortality event was 50% (aHR: 1.50, 95%CI: 1.08 — 2.08) more in the obese
population group who lost greater than 5kg at one-year post-insulin initiation compared to the
weight-neutral group. Similarly, a non-significant increase of 27%, 14% and 29% in this risk
was, however, reported in the 1 to 5kg weight-loss, 1 to 5kg weight-gain and >5kg weight-gain

groups as shown in Table 5.7.

Risk of mortality, non-fatal MI and non-fatal stroke: The events, and hazards of the
components of the three-point composite event are shown in Table 5.8. Patients who lost
greater than 5 kg one-year post-insulin initiation showed increased risk of mortality of 27%
(95%CI: 1.01 — 1.89, but no statistically significant difference in risk was found for non-fatal
M1 although it showed a 5-fold increased risk (aHR: 5.06, 95%C1:0.68 — 37.67). Also, the risk
of non-fatal stroke was non-significantly increased by 15% (aHR: 1.15, 95%CI: 0.77 — 1.71)

compared to the no weight-neutral category. Summarily, other weight categories in all the
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composite components showed non-significant greater risks compared to the weight-neutral

group as shown in Table 5.8 below.

Table 5.8: Events, Incidence Rate and Hazards of the Components of the Three-point
Composite Outcome by Weight-Change Categories

Weight Change Lost > 5kg Logfolk'g to No Change Ga'g?gkt'o to Gained > 5.0kg Total
(n=4116) (n=5311) (n=970) (n =3852) (n = 4565) (n=18,814)
Mortality
Total Events 312 320 51 208 260 1151
Incidence rate (per 1000) 19.9 15.3 13.2 13.5 14.6 15.6
(95% ClI) (17.8-22.2) (13.7-17.1) (10.0-17.4) (11.8-15.5) (12.9-16.5) (14.8 - 16.6)
Adjusted Hazard Ratio® 1.37 1.14 1 (ref) 0.99 1.01 -
(95% CI) (1.01-1.89) (0.83-1.57) - (0.71-1.38) (0.72 -1.39) -
p-value 0.051 0.421 - 0.947 0.986 -
Non-fatal Myocardial Infarction
Total Events 25 25 2 28 36 116
Incidence rate (per 1000) 1.6 12 0.5 19 2.1 1.6
(95% ClI) 11-24) (0.8-1.8) (0.1-21) 1.3-2.7) (1.5-2.9) (1.3-19)
Adjusted Hazard Ratio® 5.06 4.26 1 (ref) 5.42 7.71 -
(95% CI) (0.68-37.67) (0.58 —31.57) - (0.73-40.33)  (1.06 -56.34) -
p-value 0.113 0.156 - 0.099 0.044 -
Non-fatal Stroke
Total Events 161 199 34 124 178 696
Incidence rate (per 1000) 11.3 104 9.7 8.8 11.0 10.3
(95% ClI) (9.6 —13.1) (9.1-12.0) (6.9 - 13.6) (7.4 -10.5) (9.5-12.7) (9.6 —10.3)
Adjusted Hazard Ratio® 1.15 1.10 1 (ref) 0.95 1.12 -
(95% ClI) (0.77 - 1.71) (0.74 - 1.63) - (0.63-1.43) (0.75 - 1.65) -
p-value 0.509 0.627 - 0.810 0.579 -

aAdjusted for age, diabetes duration diastolic and systolic blood pressure, height, weight, albumin, glomerular filtration rate, gender, smoking
status, alcohol status, lipid profile, Townsend Deprivation score, number of glucose-lowering therapies, Lipid-lowering therapies,
antihypertensives, heart failure and peripheral artery disease.

Sensitivity analyses comparing the hazards of the composite events between the weight-change
categories ranked in quintiles, showed similar pattern in the risk of the three-point composite
event. Similarly, | obtained similar results and trend in risk of the composite outcome and
individual components of the 3-point composite outcome when | compared the incomplete and

imputed datasets. This affirmed that the imputation robustly addressed the missing data.
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5.3.5. Objective 2 - Results

5.3.5.1. Patients’ Characteristics:

A total of 18,227 adults were left of the 18,814 selected for the study following the exclusion
of 587 participants who did not have both weight and HbA1c values recorded at baseline. Their
mean age was 61.5 (13.6) years while higher proportion (53.2%) were males. Table 5.9
summarises the distribution of the baseline characteristics of the study participants, categorised

by the weight-change groups at 6 months after insulin initiation.

Table 5.9: Baseline characteristics of the participants grouped by weight-change
categories at 6 months

Weight loss ~ Weight neutral ~ Weight gain Total
(n=7,494) (n=2,586) (n=8,147) (18,227)

Demographics
Age (yrs), Mean (SD) 61.7 (13.8) 61.1(13.3) 61.5 (13.6) 61.5 (13.6)
Gender, No. (%)

Male 3931 (52) 1359 (53) 4405 (54) 9695(53.2)

Female 3563 (48) 1227 (47) 3742 (46) 8532(46.8)
Townsend deprivation index, No. (%)

Least deprived 1481 (21) 525 (21) 1581 (20) 3587(19.7)

2nd quintile 1433 (20) 500 (20) 1564 (20) 3497(19.2)

3rd quintile 1565 (22) 507 (21) 1658 (21) 3730 (20.5)

4th quintile 1542 (22) 528 (21) 1693 (22) 3763 (20.7)

Most deprived 1151 (16) 406 (16) 1302 (17) 2859 (15.7)
Clinical Parameters, Mean (SD)
HbAlc (%) 8.6 (1.8) 8.7 (1.8) 8.7 (1.8) 8.7 (1.8)
BMI (kg/m2) 33.9(6.7) 32.6 (6.8) 31.2(6.8) 32.5(6.9)
Weight (Kg) 94.6 (18.2) 91.2 (18.7) 88.3(18.7) 91.3(18.7)
Height (m) 1.7 (0.1) 1.7 (0.1) 1.7 (0.1) 1.7 (0.1)
SBP (mmHg) 137.9 (23.4) 135.6 (21.2) 135.0 (23.1) 136.3 (23.0)
DBP (mmHg) 76.1(10.9) 75.6 (10.7) 76.0 (10.8) 76.0 (10.8)
TC (mmol/l) 4.6 (1.3) 45 (1.2) 45 (1.3) 4.5 (1.3)
HDL (mmol/l) 1.2 (0.4) 1.2 (0.4) 1.2 (0.5) 1.2 (0.4)
LDL (mmol/l) 2.4(1.1) 2.3(1.1) 2.3(1.1) 2.4(1.1)
Triglyceride (mmol/L) 2.1(1.2) 2.0(1.2) 2.0(1.2) 2.0(1.2)
Albumin (g/L) 4.0 (0.4) 4.1(0.4) 4.1(0.4) 4.0 (0.4)
eGFR (mls/min/1.73m?) 62.1(21.4) 63.4 (21.0) 63.6 (21.1) 62.9 (21.2)
ACR (mg/mol) 5.8 (8.5) 6.0 (8.5) 5.8 (8.4) 5.8 (8.5)
Diabetes duration (yrs) 4.4 (4.8) 3.8(4.7) 4.4 (4.9) 4.3 (4.9)
Smoking status, No. (%)

Non-smoker 3644 (48) 1260 (48) 3957 (48) 8861 (48.6)

Current smoker 1106 (15) 393 (15) 1126 (14) 2625 (14.4)

Ex-smoker 2744 (37) 933 (36) 3064 (38) 6741 (37.0)

Alcohol status, No. (%)
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Non-drinker
Current drinker
Ex-drinker
BMI at baseline, No. (%)
Normal
Overweight
Obese

GLTs, No. (%)
Dual Therapy
Triple Therapy
Quadruple Therapy and above

Use of Medications, No. (%)
Aspirin
Antihypertensive
LLTs

Comorbidities, No. (%)°
CHD
AMI
PAD
Stroke
Heart Failure
Hypoglycaemia

2494 (33)
4162 (56)
838 (11)

657 (9)
1526 (20)
5311 (71)

1168 (16)
2485 (33)
3841 (51)

7193 (98)
6537 (91)
6562 (91)

2252 (30)
286 (4)
959 (13)
1124 (15)
996 (13)
1284 (17)

810 (31)
1484 (57)
292 (12)

337 (13)
653 (25)
1596 (62)

437 (17)
871 (34)
1278 (49)

2467 (96)
2245 (91)
2250 (91)

759 (29)
99 (4)
331 (13)
379 (15)
352 (14)
464 (18)

2612 (32)
4597 (56)
938 (12)

1461 (18)
2164 (27)
4522 (56)

1220 (15)
2677 (33)
4250 (52)

7847 (96)
7154 (91)
7164 (91)

2449 (30)
314 (4)
1118 (14)
1235 (15)
1109 (14)
1437 (18)

5916 (32.5)
10243 (56.2)
2068 (11.3)

2455 (13.5)
4343 (23.8)
11429 (62.7)

2825 (15.5)
6033 (33.1)
9369 (51.4)

17507 (96.1)
15936 (87.4)
15976 (87.7)

5460 (30.0)
699 (3.8)
2408 (13.2)
2738 (15)
2457 (13.5)
3185 (17.5)

Abbreviations:

BMI (body mass index); SBP (systolic blood pressure); DBP (diastolic blood pressure); HbAlc (haemoglobin Alc); HDL (high-density lipoprotein); LDL (low-density lipoprotein);
TC (total cholesterol); eGFR (estimated glomerular filtration rate); LLTs (lipid lowering therapies); PAD (peripheral arterial disease); CHD (coronary heart disease); ACR (albumin
creatinine ratio); GLTs (Glucose-lowering therapies); AMI (Acute myocardial infarction);
SD (standard deviation). Liver-associated diseases include liver cirrhosis, portal hypertension, liver failure and hepatocellular carcinoma.

Diabetes duration is the time from first diagnosis of diabetes to date of insulin initiation (index date)

5.3.5.2. Proportion undergoing weight change from baseline

Below, Figure 5.6 shows the proportions of the study participants undergoing weight change

at the different timelines. The proportions of patients in the weight-neutral group were

significantly lower at 36 months following insulin initiation, compared to 6 months (6.6% vs

19.6% p <0.0001). Conversely, the proportions in both the weight-loss and weight-gain groups

were significantly greater at 36 months compared to 6 months (38.3% vs 46.7%, p = 0.002 for

weight-loss; and 42.1% vs 46.7%, p = 0.004 for weight-gain). However, in the weight-gain

group, the greatest proportion achieving weight-gain was at 24 months, before it dipped

thereafter.
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Figure 5.6: Proportion of the study participants undergoing weight change at the

different timelines

Figure 5.7 below shows the yearly mean weight in the weight categories after 6 months. Whilst
weight significantly increased in the weight-gain group from 91.7 £ 19.0 kg after 6 months to
92.9 £ 18.2 kg at 36 months (p < 0.0001); it reduced from 90.5 + 18.4 kg to 88.4 + 17.6 kg (p
< 0.0001) in the weight-loss group; and almost formed a plateau (90.4 + 18.9kg vs 89.9 +

18.1kg, p < 0.0001) in the weight-neutral group
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Figure 5.7: Yearly mean weight in the weight-change categories after 6 months of insulin
initiation

5.3.5.3. Does insulin-induced weight gain affect glucose control?

Table 5.10 shows a weak negative relationship between change in weight and glycaemic
control in the regression model where change in weight was fitted as a continuous variable.
Therefore, each unit increase in weight was associated with a slight but significant reduction
in HbAZlc. Furthermore, this reduction was significantly lower with increasing time. So, for a
kg of insulin-induced increase in weight, HbA1c significantly decreased by 0.011% (95% CI:
-0.015, -0.008; p < 0.0001) at 6 months; 0.005% (95% ClI: -0.008, -0.002; p = 0.001) at 12
months; 0.004% (95% CI. -0.006, -0.002; p = 0.001) at 24 months; and 0.003% (95% ClI: -
0.005, -0.0004; p = 0.0022) at 36 months after adjusting for age, blood pressure, height, eGFR,

lipid profile and episodes of hypoglycaemia.

Similarly, Figure 5.8 is a pictorial representation of the association between change in weight

and glycaemic control at the study timelines.
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Table 5.10: Association between weight gain and glycaemic control

Timeline AHbA1C (%) 95% ClI p-value
6 months -0.011 -0.015, -0.008 < 0.0001
12 months -0.005 -0.008, -0.002 0.001
24 months -0.004 -0.006, -0.002 0.001
36 months -0.003 -0.005, -0.0004 0.022

AHbAlc (%): mean change in HbAlc from baseline for each unit increase in weight after
adjustment for age, systolic and diastolic blood pressure, height, total cholesterol, high-density
lipoprotein, triglyceride and episodes of hypoglycaemia

95%CI: 95% confidence interval

This table shows the association between insulin-induced weight-gain and glycaemic control
(measured by change in HbALc) in the study population. It shows the change in HbAlc (%)

per unit (1kg) increase in weight.
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Figure 5.8: This figure illustrates the association between glycaemic control and change in
weight at 6, 12, 24, 36 months of insulin initiation. Table 5.10 above shows the change in
change in HbA1c for each unit increase in weight (kg).
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5.3.5.4. Relationship between weight and glycaemic control

Table 5.11 below shows the adjusted mean changes in HbAlc in the weight-loss and weight-
gain categories, when compared to the weight-neutral group from 6 to 36 months. As can be
seen, there was a non-significant increase in HbAlc value in the weight-loss group at 6 months
(B =0.012%, 95% CI: -0.038, 0.063; p = 0.631) and 36 months (B = 0.003%, 95% CI: -0.120,
0.126; p = 0.960). Conversely, compared to the weight-neutral group, there was a significant
reduction in HbALc in the weight-gain categories at 6 (B = -0.099%, 95% CI: -0.149, 0.049; p
<0.0001) and 12 months (B = -0.121%, 95% CI: -0.187, -0.054; p < 0.0001) only. Also, the

weigh-gain category recorded the greatest reduction in HbAlc beyond 12 months (Table 5.11).

Table 5.11. Mean change in HbA1c and association with weight change

Weight-change

. 6 months 12 months 24 months 36 months
categories
Weight-neutral Ref Ref Ref Ref
Weight-loss* 0.012 -0.052 -0.002 0.003
(95% CI) (-0.038, 0.063) (-0.119, 0.015) (-0.103, 0.098) (-0.120, 0.126)
Weight-gain* 0.099 -0.121 -0.084 -0.089
(95% CI) (-0.149, -0.049) (-0.187, -0.054) (-0.184, 0.017) (-0.211, 0.034)

95% CI (Confidence Interval); Ref (Reference)
*Mean beta-coefficient of change in HbAlc (%) in the weight-loss and weight-gain groups compared to the weight neutral
group after adjustment for age, gender, systolic blood pressure, eGFR (glomerular filtration rate), total cholesterol, low-
density lipoprotein and body mass index (BMI)
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5.3.6. Discussion

This observational study, derived from a large longitudinal real-world data provides
reassurance that weight-gain associated with insulin treatment is not associated with adverse
CV outcomes or poor glycaemic control. Conversely, patients who demonstrated significant
weight loss with insulin treatment appear to have more adverse CV outcomes and worse
glycaemic control compared to that observed in patients who maintained or increase their body
weight. This observation persists when sub-analysed for patients who are obese (BMI 30kg/m?

at baseline and when adjusted for various confounding factors.

These findings are further supported by consistency of the outcomes in patients from the entire
cohort, and in the subgroup and sensitivity analyses. The level of HbAlcand CV risk profile
(e.g. lipid, blood pressure) were clinically similar across all weight change categories. The
impact of HbAlc change and weight change across different baseline weight categories as this
study showed, is in concordance with a previous study using a US-based electronic medical
record, which reported that a reduction in HbAlc was associated with progressively less weight
gain as baseline BMI rose.?*? The inference from that study that the lesser weight gain seen in

obese patients was due to the use of less intensive insulin therapy may also apply to this cohort.

As | argued earlier in section 5.2.5, it may seem logical that any increase in weight people in
people with diabetes would increase CV events, there is in fact little direct evidence in support
of this. Robust large scale clinical trials such as UKPDS, ADVANCE?'° and ACCORD® study
did not stratify their CV outcomes by weight-loss or weight-gain, for any given level of
glycaemic control. | opined further that though the ACCORD study reported excess mortality
(and more weight gain) in the intensively treated group, a causal link cannot be inferred. This

is further supported by the findings of a post hoc analysis of ACCORD in which patients who
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were inadequately controlled at baseline and received intensive glucose lowering strategy but
still had suboptimal glucose control (HbAlc >7% (>53 mmol/mol)) experienced higher
mortality rate.** Thus, patient-factors associated with persistently high HbAlc, despite
intensive treatment, appear to be the most important determinant of increased mortality risks.
To this end, insulin-induced weight gain in our study was seen to be associated with a reduction
in HbAlc, while those who lost weight were associated with a deterioration or unchanged

HbA1c levels (Figure 5.8).

Three possible explanations could be inferred from this observation. Firstly, a rise in HbAlc
levels may dilute any favourable impact of weight reduction and lead to an increase in CV
events. In support of this, there is evidence that intensive control of blood glucose levels in
patients with T2D reduces the long-term risk of adverse CV events.1%® 25° These benefits may
take many years to become apparent but in view of the association between patients’ HbAlc
level, and risk of developing long-term vascular complications, current clinical guidelines
recommend aggressive treatment escalations among patients with T2D to achieve low HbAlc
targets.* 46260 Conversely, patients may however find the demands of intensive glycaemic
control difficult to manage resulting in psychological stress, frustration and non-adherence
especially if hypoglycaemia occurs.?®* A second, perhaps more likely explanation is the
presence of other comorbidities (e.g. cancers, gastrointestinal disorders, other
endocrine/metabolic disorders, etc.) which are associated with weight loss in the group who
lost weight in excess of 5kg. These could have possibly driven the adverse outcomes seen in
this group. Thirdly, insulin-induce weight gain could suggest patients’ compliance to insulin
treatment intensification and thus a surrogate marker of compliance to holistic care and
treatment. Nevertheless, | contend that there is indirect evidence that failure to achieve HbAlc
reduction, irrespective of the evidence for this, should be used as a trigger to intensify

cardiovascular risk reduction strategies.
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Our study findings are in keeping with the outcome of another real-world study in Australia
which showed that insulin-induced weight-gain was not associated with adverse changes in
cardiovascular risk factors after one year of insulin initiation.?°2 Conversely, our data are in
contrast to the findings in type 1 diabetes. In a sub-analysis of the DCCT study, Purnell et al.
stratified data from the intensively treated DCCT cohort by quartiles of weight gain.?%®
Comparing the first quartile (where BMI remained stable) with the fourth (where BMI
increased by 7 kg/m?), after a mean follow-up of 6.1 years, patients in the fourth quartile were
associated with significant negative changes in all CV risk parameters. While a causal
relationship between weight gain and adverse CV outcomes again cannot be assumed, other
studies have reported that people with diabetes who actively lose weight improve not only their
risk profile but also their longevity.?>> 24 These studies however did not focus on patients with
T2D receiving insulin therapy. In this context, while weight-gain has to be viewed as an
undesirable side effect of insulin therapy, may appear to be associated with adverse CV

outcome in patients with type 1 diabetes.

5.3.7. Limitation

The analyses here were subject to a few limitations that are inherent in observational studies.
Firstly, I cannot be certain that the patients were fully compliant with their medication. Also,
some factors like lifestyle and dietary intervention and records of comorbidities as cancers and
metabolic disorders (which were not so robustly included in our data) may influence our
findings. | were also not able to obtain the longitudinal insulin doses, an important predictor of
insulin-induced weight gain.?*% 243 [31,32] Since our aim was to look at status of weight-change
due to insulin initiation per se on CV outcomes, | would argue that this should not influence

the robustness of our findings. Although I could not account for potential residual confounders
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such as compliance, indications for intensification treatments, markers of 3-cell deterioration
and frequency of hypoglycaemia, | were able to account for differences in the observed
covariates and used robust analytical techniques to control confounding that may bias the

results of the estimated treatment effects.

5.3.8. Conclusion

In conclusion, insulin-induced weight gain was neither associated with adverse CV outcomes
as indirectly suggested in previous clinical trials, nor poor glycaemic control. These findings
should provide important reassurance among patients with T2DM who gained weight
following insulin treatment, and allay fears of physicians who develop inertia in initiation

insulin therapy early in routine clinical practice.
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Chapter Six: Cardiovascular Events, All-cause Mortality, and Metabolic

Outcomes with Insulin Vs Glucagon-like Peptide Analogues (GLP-1RA)

6.1. Overview

This chapter comprises two related studies that explored the CV and metabolic outcomes
associated with INS vs GLP-1RA (on a background of dual therapy - metformin and
sulphonylurea) which | called Cohort 1; and insulin combination with GLP-1RA vs none (in a
background of dual- or triple therapies) which I called Cohort 2. So, this chapter will be in two
parts. The summary, introduction, method, and discussion sections will be combined for both

studies, while the results sections will be presented separately under cohort 1 and 2.

6.2. Summary

Background

The cardiovascular (CV) benefits of the Glucagon like peptide-1 analogues (GLP1-RA), as
well as its favourable effects on weight reduction and low risks of hypoglycaemia are known
and when used in treatment intensification following metformin (MET) and sulphonylurea
(SU) dual therapy failure; or in combination with insulin (INS) might be an attractive option to

optimise glycaemic control, minimise CV risks and adverse metabolic outcomes.
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Objectives

This chapter aimed to analysed time to cardiovascular events and mortality in two cohorts of
patients with T2DM who received treatment intensification with (a) INS or a GLP-1RA
following dual therapy failure with MET+SU; or (b) INS vs GLP-1RA after dual- or triple

therapy failure.

Methods

A retrospective cohort study was conducted in patients who were newly treated with a GLP-
1RA or INS following dual therapy (MET+SU) failure (Cohort 1) and in insulin users with an
add-on treatment with GLP-1RA or not (Cohort 2) between 2006 and 2014. Data were sourced
from The Health Improvement Network (THIN) database. The 5-year risk of a three-point
composite of major cardiovascular outcome (MACE): all-cause mortality or non-fatal MI or
stroke; and metabolic outcomes (glycaemic control and change in weight) were compared
between these treatment groups in the propensity score-matched cohorts. Propensity score

matching analysis and Cox proportional hazard models were employed.

Results

In cohort 1, the mean age was 52.8+14.1 years. Overall, the number of MACE was 231 vs 11
for patients who added insulin vs GLP-1RA respectively, (44.5 vs 7.7 per-1000-person-years
adjusted Hazard Ratio (aHR): 0.27; 95%CI: 0.14-0.53; p<0.0001). INS was associated with
significant increase in weight compared with GLP-1RA; (1.78 vs -3.93kg; p <0.0001) but
HbALc reduction was similar between both treatment groups; (-1.29 vs -0.98; p = 0.156). In a

subgroup analysis of obese patients, (BMI>30kg/m2) there were 84 vs 11 composite outcomes
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(38.6 vs 8.1 per 1000 person-years; aHR: 0.31; 95%CI: 0.16-0.61; p = 0.001) in the Insulin and

GLP-1RA groups respectively.

In cohort 2, HbA1c reduction was similar between both groups (-0.42 vs -0.33%, p =0.089 at
12 months). Overall, three-point composite events of all-cause mortality and CV events
(MACE) were 98 vs 55 for the insulin alone vs insulin+GLP-1RA groups respectively (14.7 vs
9.2 per 1000 person-years; adjusted Hazard Ratio (aHR): 0.64; 95%CI: 0.42-0.98; p=0.038).
Corresponding composite non-fatal CV events were 33vs 28 (6.0 vs 5.6 per 1000 person-years;
aHR: 0.76; 95%CI: 0.41- 1.42; p=0.393) while all-cause mortality events were 49 vs 13 (6.9

vs 2.0 per 1000 person-years; aHR: 0.35; 95%CI: 0.17- 0.73; p = 0.005)

Conclusion

Based on a large UK cohort in routine clinical practice, intensification of dual oral therapy by
adding GLP-1RA or combining GLP-1RA with insulin therapy is associated with a reduction

in risk of MACE outcome independent of body weight patients with Type 2 diabetes.

6.3. Introduction

The achievement of tight glucose control has been shown to reduce the risk of long term
vascular complications in patients with type 2 diabetes (T2D).1%% 21° Following the initiation of
antidiabetic medication with metformin (MET), about 40-60% of patients with T2D fail to
achieve their glycaemic target, requiring intensification with a second-line agent, typically,

with a sulphonylurea (SU).2%> 266 For many patients, failure to maintain optimal HbAlc level
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despite up-titration to maximal doses of dual therapy (MET+SU) will necessitate the need for

further intensification with a third-line agent.

Although a variety of treatment options are available following failure of MET+SU dual
therapy, limited data are available on the cardiovascular (CV) safety and diabetes-related
outcomes on the most appropriate third line antidiabetic therapy.’® 26" For many patients with
T2D, insulin treatment will be required to control hyperglycaemia and to reduce the risk of
long-term vascular complications in patients with type 2 diabetes (T2D).103 259 265 266
However, insulin therapy is known to induce ~4-9 kg weight gain in the first year of
treatment.?%® Also, in the last 7 years, questions regarding the long term cardiovascular (CV)
safety of insulin have been raised.®” 1% These epidemiological studies however have mainly

investigated the use of insulin as monotherapy or in combination with metformin. 1> 180,216

Conversely, the cardiovascular benefits of the Glucagon like peptide-1 analogues,?%2% a novel
glucose lowering therapy with favourable effects on weight reduction and low risks of

hypoglycaemia are an active area of clinical investigations (http://www.clinicaltrials.gov).

GLP-1RA are hypothesized to have pleiotropic effects on the cardiovascular system based on
evidence from experimental studies.?’® Preclinical studies have also already demonstrated the
pleotropic effects of GLP-1RA on myocardium and vascular endothelium,?® 2t and many
clinical studies have reported improvement in surrogate markers of CV disease.?%°® More
recently, The Liraglutide Effect and Action in Diabetes: Evaluation of Cardiovascular Outcome
Results (LEADER) trial showed that liraglutide, a GLP-1RA, is associated with significant

reductions of CV events and death from CV causes.?"2

Thus, since insulin is known to be associated with weight gain and increased risk of
hypoglycaemia, adding a GLP-1RA to MET+SU or the use of INS + GLP-1RA combination
may be an attractive alternative to lower HbAlc in patients with T2D. No comparative ‘real
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world’ outcome data of INS versus GLP-RA in patients with dual therapy failure or INS+GLP-
1RA versus others, are however available. Further work is therefore needed to explore the CV
safety of insulin compared or combined with GLP-1RA when used as a third line (injectable)

therapy in patients with longer duration disease and higher CV risk.

The aims of the study therefore were to compare the real-world composite cardiovascular and
mortality outcomes in UK clinical practice amongst patients with T2D following
intensification of MET+SU dual-therapy with either insulin or a GLP-1RA or a combination

of INS and GLP-1RA.

6.4. Methods

6.4.1. Study Design and Data Sources
This was a retrospective cohort study using the UK primary care database- The Health

Improvement Network (THIN). THIN has been described fully in Chapter 2.

6.4.2. Study Population

This comprised patients with T2D aged 18 and above, whose MET+SU dual-therapy was
intensified with either insulin or GLP-1RA (cohort 1) and those with insulin +/- GLP-1RA after
dual- or triple therapy intensification (cohort 2), between January 2006 and May 2014. In
cohort 1, participants were selected on treatment intensification with either insulin or GLP-
1RA (index date). Patients who started insulin or GLP-1 analogue first before MET+SU
commenced; or previously on other antidiabetic medication; or on more than dual therapy; or
with any form of CV event before index date; or with typel diabetes were excluded. In cohort

2, adult insulin users (on a background of dual or triple therapy) who went on to have their
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insulin therapy intensified with either an add-on of GLP-1RA or not, independent of the use of
other GLTs were selected. Those who started GLP-1RA before insulin were excluded. The

other above exclusion criteria were applied.

6.4.3. Exposures and Outcomes

The exposures of interest for both studies were insulin (either ultra-short/short acting, premixed
or long-acting) and GLP-1RA agonist analogues (exenatide, liraglutide or lixisenatide) with a
follow up period of 5 years from index date. The study was exposure-based and from the index
date, participants were followed up for a maximum of 5 years, and were censored at the earliest
of the following: discontinuation or substitution of GLP-1RA or insulin; loss to follow-up
(transfer out of practice); first occurrence of any of the study outcomes; or at the end of the
study after 5 years. This implies that if no records of prescriptions of GLP-RA or insulin were
found after one year in the electronic records, such medication was considered stopped and the

patient censored at this point.

The primary outcomes were time to the risk of a three-point composite event of Major Adverse
Cardiovascular Event (MACE) which comprises all-cause mortality, non-fatal MI and non-
fatal stroke and all-cause mortality. In cohort 2, the time to the risk of two-point composite CV
event (non-fatal myocardial infarction (MI) or non-fatal stroke) was estimated in a subgroup
of patients from the main cohort, with no prior CV history. These outcomes and their dates of
occurrence were identified and extracted using their appropriate Read Codes in the THIN
database. The secondary outcomes were the mean changes in HbAlc (glycaemic control) and

weight between both treatment groups from baseline at 6, 12, 24 and 36 months etc.
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6.4.4. Covariates
Important time-varying clinical baseline covariates were extracted and included in the data.
These were fitted in our regression models to adjust for their confounding effects on the study

outcome. These have been described in Chapter 2.

6.4.5. Statistical Analyses

The data were summarised within the treatment groups in cohort 1 (MET+SU+INS vs
MET+SU+GLP-1RA) and cohort 2 (INS+GLP-1RA vs INS+Non-GLP-1RA) using mean
values and standard deviation (SD) for continuous variables; and frequencies (%) for
categorical variables. | also estimated the propensity score (PS) for treatment with GLP-1RA
using logistic regression as the conditional probability of being treated with GLP-1RA with the
baseline covariates as age, gender, socioeconomic status, alcohol and smoking status, BMI,
weight, height, systolic and diastolic blood pressure, HbAlc, lipid-profile, GFR, creatinine
level, ACR, the use of other medications, comorbidity status and the duration of diabetes
treatment. 1 matched both treatment groups (INS vs +GLP-1RA in cohort 1 and INS+GLP-
1RA vs Non-GLP-1RA in cohort 2) based on their estimated treatment probabilities, with the
average treatment effect on the treated (ATT) computed by 1:1 matching for each group at the
nearest distance, measured by the estimated propensity score. The standardised differences
between the treatment groups following adjustment with the PS and all the baseline variables
were calculated using linear regression models with their p-values determined. A difference >
10% was considered significant. In the summary table as well, the distribution of the covariates

between the treatment groups in the PS-matched group was also summarised.

Using the Kaplan-Meier survival estimate, the crude and adjusted 5-year estimates of survival

functions for both treatment groups in both cohorts were obtained. The absolute reduction in
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the probability of the incidence of the outcome within a 5-year follow-up from these survival
functions was obtained. Also, the marginal hazard ratios to quantify the adjusted hazard of
MACE and the incidence of mortality and CV events in the treated groups in each cohort
respectively compared to the comparator group. Having considered PS a prognostic covariate,

it was included in the final Cox proportional hazards regression model.

| tested for violations of the proportional hazard assumption of the Cox regression analyses by
adding an interaction term of the predictor and log time and by analysing the Schoenfeld
residuals. | did not observe any violations of the proportional hazard assumption because both
were found to be non-significant. I used maximum likelihood estimation to explore if there is
any possible interactions between the treatment groups and the baseline variables which were
included in the propensity score but found no interactions with any of the covariates. Finally, |
compared glycaemic efficacy (measured by change in HbAlc from baseline at different follow-
up timelines) and in cohort 2, changes in weight between the two treatment groups using

Student’s t-test and linear regression while adjusting for significant baseline covariates.

Missing data among covariates-were accounted for with multiple imputations using the chained

equation (MICE) model. All analyses were conducted using Stata Software, version 13.17°

Subgroup and Sensitivity Analyses

In cohort 1, | fitted Cox proportional hazard models to adjust for baseline and time-varying
demographics, comorbidities, medications and metabolic indices for those with BMI of
30kg/m? and above and 40kg/m? in order to explore the impact of obesity in influencing the
primary outcomes. In both cohorts, | compared the study outcomes between the full data and

PS-matched population to compare the confounding effect of selection bias could have on the
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full cohort. 1 also estimated the hazard of MACE, all-cause mortality and CV events in the
subtypes of GLP-1RA identified in the dataset (liraglutide, exenatide and lixinatide), using the

non-GLP-1RA group as the comparator.

Statistical significance was put at a p-level of 0.05 and to avoid the probability of type Il error,
the studies were powered to 0.9 with a minimum sample size of 400 in each arm was estimated
to be adequate to detect a true difference of 0.1 between the two treatment groups at 5%
significance level. In the regression models and all other analyses, the point estimates were
computed, with 95% confidence intervals (Cl), at the conventional statistical significance level
of 0.05. I used multiple imputations using the chained equation (MICE) model to account for
any missing data among covariates. All analyses were conducted using Stata Software, version

14[21].

Cohort 1

6.5. Cohort 1 - Results

6.5.1. Cases and Total Follow up

From the THIN database, I identified 2,003 eligible patients in the UK Primary care, whose
MET+SU dual-therapy was intensified with the addition of either Insulin (1,584) or GLP-1RA
(419). The flow diagram (Figure 1) shows how our cohort was derived. The median treatment
duration was 8.33 (IQR: 6.63 to 8.34) years. The median follow-up was 3.74 years (IQR: 2.10-

4.93) representing a total follow-up period of 6614.12 person-years.
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40,560 diabetic
patients identified in
the dataset

J

31,956 excluded:
+ 31,901 not on triple

therapy
L. 55 Type 1 diabetes

therapy (Met +5U +

8,599 patients on triple
another drug)

6,596 dropped: |
= 6,546 intensified with
other antidiabetic

agents
= 50 had the outcome
before baseline date
{ 2,003 eligible for the study ‘
1,584 on Met + SU +INS 419 on Met + SU +GLP-1
419 Propensity score- 419 Propensity score-
matched matched

Figure 6.1: Selection of participants in Study cohort 1

6.5.2. Patients’ Characteristics

In the full cohort, the overall median age was 53.0 (IQR: 43.0-63.0) years. 50.2% were females.
The mean BMI and HbA1c level were 31.8 (7.9) kg/m? and 9.7(2.9)% respectively. One-on-
one propensity score matching yielded 419 patients each in both treatment arms. The baseline
characteristics in both treatment groups were compared between the full and matched cohort

of patients with their standardised differences shown in Table 6.1 below.
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Table 6.1: Baseline Characteristics (Cohort 1)

Full Cohort Propensity Matched Cohort
] ] MET + SU MET + SU
Baseline variable INS GLP-IRA  std. diff* INS GLP-RA  std. diff®
(n =1584) (n=419) (n =419) (n =419)

Demographics
Age (yrs), Mean (SD) 53.8 (14.8) 49.6 (10.5) -0.33 49.0 (13.3) 49.6 (10.5) 0.05
Gender, No. (%)

Male 770 (49.0) 227 (54.0) 0.12 193 (46.1) 227 (54.2) 0.16

Female 814 (51.0) 192 (46.0) -0.12 226 (53.9) 192 (45.8) -0.16
Townsend deprivation, No. (%)

Least deprived 294 (18.6) 78 (18.6) -0.01 86 (20.5) 78 (18.6) -0.05

Less 300 (18.9) 84 (20.1) -0.09 81(19.3) 84 (20.1) 0.02

Average 333 (21.0) 75 (17.9) -0.16 70 (16.7) 75 (17.9) 0.03

More 352 (22.2) 98 (23.4) 0.11 109 (26.0) 98 (23.4) -0.06

Most deprived 305 (19.3) 84 (20.0) 0.17 73 (17.5) 84 (20.0) 0.07
Clinical Parameters, Mean (SD)
HbAlc (%) 9.9 (2.9) 9.4 (2.0) -0.13 9.4 (2.3) 9.4 (2.0) -0.02
BMI (kg/m2) 29.8 (6.70) 39.6(7.1) 1.28 39.7 (7.5) 39.6 (7.1) -0.02
Weight (Kg) 84.6 (20.5) 115.4 (23.8) 131 114.4 (23.0) 115.4 (23.8) 0.04
SBP (mmHg) 132.6 (17.5)  136.1(15.0) 0.37 136.8 (16.3) 136.1 (15.0) -0.05
DBP (mmHg) 79.6 (10.5) 82.6 (10.1) 0.33 83.6 (11.2) 82.6 (10.1) -0.10*
TC (mmol/1) 5.1 (1.6) 4.8 (1.5) -0.03 5.0 (1.5) 4.8 (1.5) -0.11*
HDL (mmol/1) 1.2 (0.4) 1.1 (0.3) -0.34 1.0 (0.3) 1.1(0.3) 0.07
LDL (mmol/l) 2.8(1.1) 2.6 (1.1) -0.08 2.7 (1.0) 2.6 (1.1) -0.07
Triglyceride (mmol/L) 2.9(5.8) 3.2 (4.0) 0.10 3.1(3.0) 3.2 (4.0) 0.01
Albumin (g/L) 42.0 (4.3) 42.5(3.7) 0.13 42.7 (3.9) 42.5(3.7) -0.06
eGFR (mls/min/1.73m2) 74.1(19.0) 78.5(16.2) 0.32 77.6 (16.9) 78.5(16.2) 0.05
ACR (mg/mol) 4.8 (11.4) 4.0 (8.6) 0.01 4.2 (12.5) 4.0 (8.6) -0.02
Diabetes duration (yrs) 2.6 (4.6) 2.7 (3.0) 0.19 2.9 (5.6) 2.7 (3.0) -0.04

Smoking status, No. (%)
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Non-smoker 619 (39.0) 164 (39.2) 0.08 159 (38.0) 164 (39.2) 0.03
Current smoker 435 (27.5) 94 (22.4) -0.16 86 (20.5) 94 (22.4) 0.05
Ex-smoker 530 (33.5) 161 (38.4) 0.07 174 (41.5) 161 (38.4) -0.06
BMI Categories, No. (%)
< 30kg/m? 918 (58.0) 19 (4.5) -1.30 20 (4.8) 19 (4.5) -0.01
30-34.9kg/m? 354 (22.3) 110 (26.3) 0.07 105 (25.0) 110 (25.3) 0.03
> 35kg/m? 312 (19.7) 290 (69.2) 1.06 294 (70.2) 290 (69.2) -0.02
Use of Medications, No. (%)
Aspirin 220 (13.9) 82 (19.6) 0.10 84 (10.1) 82 (19.6) -0.01
Antihypertensive 587 (37.1) 212 (50.6) 0.23 201 (48.0) 212 (50.6) 0.05
LLT 608 (38.4) 240 (57.4) 0.28 227 (54.2) 240 (57.3) 0.06
Comorbidities, No. (%) ©
Other CHD 38 (2.4) 7 (1.6) -0.05 3(0.7) 7(1.7) 0.09
PAD 29 (1.8) 7(1.6) -0.05 5(1.2) 7(1.7) 0.04
Heart Failure 31 (2.0) 4 (1.0) 0.03 1(0.2) 4 (1.0) 0.09
Hypoglycaemia 124 (7.8) 13 (3.1) -0.01 8 (1.9) 13 (3.1) 0.08

MET (metformin); SU (sulphonylurea); GLP-1RA (Glucagon-like peptide 1); INS (insulin); BMI (body mass index); SBP (systolic blood
pressure); DBP (diastolic blood pressure); HbAlc (haemoglobin Alc); HDL (high-density lipoprotein); LDL (low-density lipoprotein); TC (total
cholesterol); GFR (glomerular filtration rate); LLT (lipid lowering therapy); PAD (peripheral arterial disease); CHD (coronary heart disease);
ACR (albumin creatinine ratio); SD (standard deviation)

Diabetes duration is time from first diagnosis of diabetes to date of intensification with 3 line drug (index date)

aStandardized differences are the absolute difference in means or percentage divided by the standard deviation of the treated group

b Resulting standardized difference after 1:1 matching based on average treatment effect on treated (ATT) propensity score technique and robust
variance estimation °Comorbidities: other recorded medical disorders

* In the matched cohort, only Diastolic BP and Total Cholesterol had statistically significant standardized difference at 0.01 level
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6.5.3. Crude Event Rates:

Survival analyses at 5 years were 95.8% vs 99.3% for insulin and GLP-1RA intensified
therapies respectively (Figure 6.2). Overall, there were 242 composite events with a crude
incidence rate of 36.9 per 1,000 person-years (95%CI: 32.3 — 41.5). There were 231 vs 11
composite events in the insulin vs GLP-1RA groups respectively, with unadjusted incidence
MACE rates of 44.5 vs 7.7 per 1,000 person-yrs (Table 6.2). Among the obese population (BMI
> 30kg/m?), there were 84 vs 11 composite MACE events, accounting for an unadjusted
incidence rates of 38.6 vs 8.1 per 1,000 person-years in patients intensified with insulin vs
GLP-1 respectively. Similarly, when stratified for morbid obesity (BMI > 40kg/m?), 30 vs 7

events (29.6 vs 7.1 per 1,000 person-years) occurred (Table 6.2).
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Years of Follow-up Years of Follow-up
Number at risk (failure) Number at risk (failure)

INS group1583 (63) 1380 (52) 1168 (36) 920 (37) 696 (25) 24 INS group 418 (15) 359 (3) 310 (9) 245 (2) 196 (4) S
GLP1group 419 (3) 387 (1) 328 (3) 246 (2) 191 (1) 3 GLP1group 419 (3) 387 (1) 329 (3) 246 (2) 191 (1) 3

Figure 6.2: Kaplan Meier Survival analysis plot for full and matched cohort (log rank
p-value <0.0001)

6.5.4. Risk of Composite Cardiovascular Outcomes and Mortality

Table 6.2 shows the comparison of number of composite cardiovascular events, crude
incidence rate and hazard ratio between the treatment groups in the propensity score-matched

cohort. In the unadjusted model, the risk of composite cardiovascular outcomes was 80% less
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(HR: 0.20, 95%CI: 0.11-0.37) in patients whose dual therapies were intensified with GLP-1
analogue compared to insulin. Following adjustment for gender, there was a slight reduction to
73% (aHR: 0.27, 95%CI: 0.14-0.53). Similar patterns were shown when stratified for obesity
(BMI >30 kg/m?) and morbid obesity (BMI >40 kg/m?) with the risks being lower in the GLP-

1 group (aHR: 0.31, 95%CI: 0.16-0.61 and aHR: 0.31, 95%CI: 0.13-0.75 respectively).

Table 6.2: Comparison of Number of Events, Incidence Rate and Hazard Ratio between
the treatment groups by the components of MACE

MET + SU + INS MET + SU + GLP-1RA

(n=419) (n=419)
Follow-up period (years) 4.19 1.42
Sample population
Composite outcome (No. of events) @ 231 11

Incidence Rate (95% CI)®
Unadjusted hazard ratio (95% CI)
Adjusted hazard ratio (95% CI)¢

Subgroup population

BMI > 30Kg/m?

Composite outcome (No. of events) @
Incidence Rate (95% CI)®
Unadjusted hazard ratio (95% CI)
Adjusted hazard ratio (95% CI)¢

BMI > 35Kg/m?

Composite outcome (No. of events) @
Incidence Rate (95% CI)®
Unadjusted hazard ratio (95% CI)
Adjusted hazard ratio (95% CI)¢

44.5 (39.1-50.6)
1.0 [Reference]
1.0 [Reference]

84
38.6 (31.2-47.8)
1.0 [Reference]
1.0 [Reference]

30
29.6 (20.7 - 42.4)
1.0 [Reference]
1.0 [Reference]

7.7 (4.5-14.0)
0.20 (0.11-0.37)
0.27 (0.58-0.97)

11
8.1 (4.5-14.6)
0.26 (0.14-0.49)
0.31 (0.16-0.61)

.
7.1(3.4-14.8)
0.32 (0.14-0.73)
0.31 (0.13-0.75)

Abbreviation: MET (metformin); SU (sulphonylurea); GLP-1 (Glucagon-like Peptide analogue); INS (insulin); BMI
(body mass index)

& Composite outcome includes: non-fatal acute myocardial infarction (AMI), non-fatal stroke or all-cause death

b Rates are calculated per 1000 person-years

¢ Adjusted for gender

Table 6.3 shows the components of MACE- mortality, non-fatal MI and stroke. In the insulin
vs GLP-1RA treatment groups, there were 151 vs 5; 38 vs 3; and 42 vs 3 events of mortality,
MI and stroke respectively. Higher events of all the component outcomes were also reported

in the insulin group than in the GLP-1RA groups for all the components.
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Of all the individual components of MACE, adjusted hazard ratio was only significant for
mortality. There was a 71% reduced risk of mortality (aHR: 0.21, 95%CI: 0.08-0.51), similar
to that of the composite outcome. The risks of stroke and MI were also 61 and 55% less in the
GLP-1RA group compared to insulin. However, this was not significant. This trend was also

observed when stratified for obesity and morbid obesity (Table 6.3).
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Table 6.3: Comparison of Number of Events, Incidence Rate and Hazard Ratio between the treatment groups by the components of
MACE

Mortality Myocardial Infarction Stroke

Met + SU INS GLP-1RA INS GLP-1RA INS GLP-1RA
Sample population
No. of events 151 5 38 3 42 3
Incidence Rate (95% CI)? 31.0(26.6 —36.2) 4.2 (1.9 -9.4) 8.1(6.0-11.0) 21(0.7-6.5) 89(6.6-118) 7.7(0.7-6.5)
Unadjusted hazard ratio (95% CI) 1.0 0.21 (0.09 — 0.52)* 1.0 0.45(0.12 - 1.67) 1.0 0.39(0.11-1.43)
Adjusted hazard ratio (95% CI)® 1.0 0.21 (0.08 — 0.51)* 1.0 0.45 (0.12 - 1.69) 1.0 0.39 (0.10 - 1.44)
Subgroup population
BMI > 30kg/m?
Composite outcome (No. of events) 55 5 17 3 16 3
Incidence Rate (95% CI)? 25.3(19.4 - 32.9) 4.4 (2.0-9.8) 78(49-126) 22(0.71-6.85 7.4(45-12.0) 2.2(0.70-6.80)
Unadjusted hazard ratio (95% CI) 1.0 0.24 (0.10 - 0.59)* 1.0 0.56 (0.15-2.11) 1.0 0.45 (0.12 - 1.70)
Adjusted hazard ratio (95% CI)° 1.0 0.24 (0.10 - 0.59)* 1.0 0.57 (0.15-2.14) 1.0 0.45(0.12 - 1.72)
BMI > 40kg/m?
Composite outcome (No. of events) 23 5 4 1 5 2
Incidence Rate (95% CI)? 22.7 (15.1 -34.2) 50(21-12.1) 4.0(1.5-105) 1.0(0.2-72) 49(21-119) 2.0(0.50-8.10)
Unadjusted hazard ratio (95% ClI) 1.0 0.34 (0.12 - 0.94)* 1.0 0.36 (0.04 — 3.65) 1.0 0.50 (0.09 —2.89)
Adjusted hazard ratio (95% CI)° 1.0 0.33 (0.12 - 0.92)* 1.0 0.33 (0.03 — 3.29) 1.0 0.48 (0.8 —2.8)

Abbreviation: MET (metformin); SU (sulphonylurea); GLP-1RA (Glucagon-like Peptide analogue); INS (insulin); BMI (body mass index)
@ Incidence rates are calculated per 1,000 person-years
b Adjusted for gender; * P-values <0.05
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6.5.5. Changes in HbAlc and Weight

In figures 6.3 and 6.4, the trend in changes in HbAlc and weight per year in both treatment
groups within the 5-year follow up period is highlighted. There was no statistically significant
change in the mean HbA1c levels in both treatment group although reduction in HbAlc was
seen more in the insulin group throughout the follow up period (-1.27 vs -1.0%, p=0.117).
Conversely, the insulin group recorded more weight gain than the observed weight loss in the

GLP-1RA group (1.19 vs -3.35kg, p<0.0001) during the study period.

Change in HbA1¢c

-

o_
)
o
—
O w0 |
T
s
T L

-~ .
= ~ - —_
- -

— v ~ - 1 e
@ \\ - !!_———-___
[®)] - - -
% \"--. /,
ey
S5 e ]

—

o~

1

Follow-up Time (Years)

—— ME+S8SU+INS +—— MET+ SU + GLP1

Figure 6.3: Mean Changes in HbAlc

Trend in mean changes in HbALlc level (%) between the treatment groups (Met+SU+INS vs
Met+SU+GLP-1RA). There was no significant change in both group treatment groups
throughout the study period (p > 0.05).
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Change in Weight
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Figure 6.4: Mean changes in weight (kg)

Trend in mean changes in weight (kg) between the treatment-groups (Met+SU+INS vs
Met+SU+GLP-1RA). For all the years of the follow-up duration, the p-values < 0.05

Sensitivity analyses which compared the changes in weight and HbA1c between both treatment
groups in the complete and missing data reported similar trend in both groups; showing that

the imputation robustly addressed the missing data.

Cohort 2

6.6. Cohort 2 — Results

6.6.1. Cases and Total Follow up:
A total of 18,227 adults with insulin treated T2D whose standard care with insulin was

intensified with either GLP-RA (1,943) or not (16,284) were selected from the THIN database.
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Furthermore, as shown in Figure 6.5, after propensity-score-matching in both cohorts, the total

population was reduced to 3,586 (N= 1793 in each arm) in the main cohort.

The mean follow-up duration was 3.2 (SD: 3.07) years), representing a total follow-up period

of 12,681.9 person-years.

19,508 patients identified in the
dataset

993 excluded
*«  Type 1 diabetes (900)

s+ Norecords ofinsulin(23)

¥

L 4

18,815 patients remaining

588 excluded
s Norecord of diagnosis
of type 2 diabetes seen

ki

:

18,227 patients found to be
eligible for the study

l l

GLP-1RA group Non-GLP-1RA group
(1,943) (16.284)

1,793 propensity-score 1,793 propensity-score
matched matched

Figure 6.5: Selection of participants in study Cohort 2

6.6.2. Patients’ Characteristics
Table 6.4 is a summary of the distribution of the baseline characteristics of the study
participants between the treatment groups in the full and matched cohorts respectively. The

overall mean age was 62.7 (13.8) years. A slightly higher proportion (53.2%) was composed
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of males while the mean baseline HbAlc level was 8.6 (1.8) %. Furthermore, the overall

baseline weight and BMI were 90.8 (18.7) kg and 32.4(6.9) kg/m? respectively.

Significant differences in the distribution of the baseline variables between the treatment
groups in the full cohort were observed. These were in baseline HbAlc, BMI, weight, diabetes
duration, current alcohol-intake, among others which were higher in the GLP-1RA group,
while age and SBP were significantly higher in the non-GLP-1RA group. Following one-on-
one propensity score matching, 1,793 patients were matched to each other in both treatment
groups and no differences in baseline variables were noted. Table 1 shows the distribution of
the baseline variables between both treatment groups with these baselines compared between

the full and matched cohort of patients, with their standardised differences shown.
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Table 6.4: Baseline characteristics in the full and propensity-matched cohorts

Cohort
Baseline variables Full Propensity Matched
INS + Others INS+GLP-1RA Std INS + Others INS+GLP-1RA Std
(n = 16,284) (n=1,943) diff (n=1,793) (n=1,793) diff
Demographics
Age (yrs), Mean (SD) 62.4 (13.6) 54.6 (11.7) 0.048 54.9 (12.9) 54.9 (11.5) 0.007
Gender, No. (%)
Male 8683 (53.0) 1012 (52.0) 0.015 990 (55.0) 937 (52.0) 0.010
Female 7601 (47.0) 931 (48.0) -0.015 803 (45.0) 856 (48.0) -0.010
Townsend dep, No. (%)
Least deprived 3219 (20.1) 368 (20.0) 0.054 373 (21.0) 349 (19.0) 0.035
2nd quintile 3139 (20.0) 358 (19.1) 0.035 342 (19.0) 343 (19.0) 0.020
3rd quintile 3302 (21.9) 428 (22.9) -0.020 427 (24.0) 406 (23.0) -0.023
4th quintile 3353 (22.0) 410 (22.0) -0.026 375 (21.0) 392 (22.0) -0.010
Most deprived 2543 (16.0) 316 (16.0) -0.046 276 (15.0) 303 (17.0) -0.023
Clinical Variables, Mean (SD)
HbAlc (%) 8.6 (1.8) 8.9 (1.9) -0.014 8.9(1.8) 8.9(1.9) -0.007
BMI (kg/m2) 32.3(6.8) 33.9(7.3) 0.016 33.5(7.1) 33.8(7.3) -0.008
Weight (Kg) 90.6 (18.5) 96.6 (19.8) 0.069 96.1 (19.6) 96.5 (19.7) -0.018
Height (m) 1.7 (0.1) 1.7 (0.1) 0.069 1.7 (0.1) 1.7 (0.1) -0.013
SBP (mmHg) 136.5 (23.1) 135.0 (22.9) 0.004 134.7 (22.6) 134.9 (23.0) -0.012
DBP (mmHg) 75.8 (10.9) 77.5 (10.4) 0.084 77.9 (11.1) 775 (10.5) -0.002
TC (mmol/1) 4.5 (1.3) 4.6 (1.2) 0.009 4.6 (1.3) 4.6 (1.2) 0.001
HDL (mmol/l) 1.2 (0.4) 1.2 (0.4) -0.061 1.2 (0.4) 1.2 (0.4) 0.021
LDL (mmol/l) 2.4 (1.1) 2.4 (1.1) 0.027 2.4 (1.1) 2.4 (1.1) 0.009
Triglyceride (mmol/L) 2.0(1.2) 2.1(1.2) 0.019 2.1(1.2) 2.1(1.2) -0.023
Albumin (g/L) 4.0 (0.4) 4.1(0.4) 0.004 4.1 (0.5) 4.1(0.4) 0.003
eGFR (mls/min/1.73m?) 62.2 (21.3) 68.2 (20.0) 0.056 66.8 (21.6) 68.0 (19.8) 0.003
ACR (mg/mol) 5.8 (8.5) 5.7 (8.3) 0.014 6.0 (8.4) 5.7 (8.4) -0.009
Diabetes duration (yrs) 4.2 (4.9) 4.9 (4.5) 0.262 4.9 (4.8) 5.0 (4.5) 0.013
Smoking status, No. (%0)
Non-smoker 7916 (49.0) 945 (49.0) -0.034 849 (47.0) 865 (48.0) -0.021
Current smoker 2358 (14.0) 267 (14.0) 0.009 267 (15.0) 242 (13.0) 0.002
Ex-smoker 6010 (37.0) 731 (38.0) 0.035 677 (38.0) 686 (38.0) 0.027
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Alcohol status, No. (%)

Non-drinker 6183 (38.0) 623 (32.1) -0.030 569 (32.0) 568 (32.0) -0.051
Current drinker 9061 (56.0) 1182 (61.2) -0.092 1117 (62.0) 1096 (61.0) 0.054
Ex-drinker 1040 (6.0) 138 (6.7) 0.097 107 (6.0) 129 (7.0) -0.019
BMI Categories, No. (%)
< 24.9kg/m? 2248 (14.0) 207 (11.0) 0.004 193 (11.0) 191 (11.0) -0.006
25-29.9kg/m? 3975 (24.0) 368 (19.0) -0.006 373 (21.0) 342 (19.0) 0.004
> 30kg/m? 10061 (62.0) 1368 (70.0) 0.003 1227 (68.0) 1260 (70.0) 0.001
Other GLTs, No. (%)
Metformin 13670 (84.2) 1923 (99.0) 0.058 1738 (97.2) 1773 (99.1) -0.038
Sulphonylurea 12191 (75.1) 1603 (83.4) 0.041 1472 (82.0) 1485 (83.0) 0.081
Thiazolidinedione 4646 (29.3) 1108 (57.6) 0.180 699 (39.0) 1030 (57.0) 0.062
SGLT2 39 (0.5) 46 (2.1) 0.001 5(0.3) 42 (2.0) -0.002
Glinides 657 (4.9) 133 (7.9) 0.050 103 (6.0) 125 (7.0) 0.032
DPP4 1900 (12.1) 669 (34.2) 0.256 292 (16.0) 620 (35.4) 0.187*
Use of Medications, No. (%)
Aspirin 14596 (90.1) 1911 (99.8) -0.007 1723 (99.6) 1723 (99.6) -0.008
Antihypertensive 14223 (91) 1713 (90) -0.030 1608 (90.0) 1608 (90.0) -0.036
LLT 14156 (91.7) 1820 (95.5) -0.059 1717 (96.0) 1708 (95.0) 0.015
Comorbidities, No. (%) ©
CHD 5062 (31.0) 398 (20.0) -0.213* 361 (20.0) 367 (20.0) -0.147
PAD 2259 (14.1) 149 (8.2) -0.148* 144 (8.0) 133 (7.0) -0.105*
Heart Failure 2324 (14.8) 133 (7.5) -0.151* 110 (6.0) 120 (7.0) 0.001
Hypoglycaemia 2995 (18.2) 190 (10.1) -0.239* 156 (9.0) 169 (9.0) -0.036

GLP-1RA (Glucagon-like peptide 1 receptor agonist); INS (insulin); SGLT2 (Sodium-glucose Cotransporter-2 (SGLT2) Inhibitors); DPP4 (Dipeptidyl peptidase-4 (DPP-4) inhibitors);
BMI (body mass index); SBP (systolic blood pressure); DBP (diastolic blood pressure); HbAlc (haemoglobin Alc); HDL (high-density lipoprotein); LDL (low-density lipoprotein); TC
(total cholesterol); GFR (glomerular filtration rate); LLT (lipid lowering therapy); PAD (peripheral arterial disease); CHD (coronary heart disease); ACR (albumin creatinine ratio);

SD (standard deviation)

Diabetes duration is time from first diagnosis of diabetes to date of intensification with insulin (index date)

aStandardized differences are the absolute difference in means or percentage divided by the standard deviation of the treated group

b Resulting standardized difference after 1:1 matching based on average treatment effect on treated (ATT) propensity score technique and robust variance estimation
* In the matched cohort, only DPP4 and PAD had statistically significant standardized difference at 0.10 level
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6.6.3. Crude Event Rates:

Composite Outcome (MACE): The probability of survival for a three-point composite MACE
was similar (99%) in both treatment groups after one year, but was significantly reduced at 5
years to 96% and 93% in the GLP-1RA and non-GLP-1RA groups respectively (log-rank test
p-value = 0.0055) (Figure 6.6). The unadjusted crude incidence rate was 12.1 per 1,000 person-
years (9.1 vs 14.7) signifying a total of 153 events (55 vs 98) in the GLP-1RA vs non-GLP-

1RA groups respectively (Table 6.5).

Unadjusted Kaplan-Meier estimates for Composite events

1

1

1

1

— INS+non-GLP-1RA
———- INSU+GLP-1RA

0 1 2 3 4 5

Years of Follow-up

1

Estimated Probability of Survival
085 088 090 093 095 098 1.00
1

No at risk (failure)
Non-GLP-1RA group 1705 (14) 1610 (22) 1404 (19) 1238 (25) 1079 (18) 946
GLP-1RA group 1692 (17) 1518 (9) 1263 (12) 1068 (7) 908 (10) 775

Figure 6.6: Kaplan-Meier curves showing the 5-year probability of survival for three-
point composite of all-cause mortality, non-fatal M1 and stroke (MACE) between INS
+/- GLP1-RA treatment groups (log-rank test p-value = 0.0055).

Mortality: Also in the main cohort as shown in Figure 6.7, the probability of survival was 100%
in both treatment groups after one year, but at the end of the 5-year follow-up period, this was
significantly reduced to 98% and 96% in the GLP-1RA and non-GLP-1RA groups

respectively (log-rank test p-value = 0.0001) (Figure 6.7). There was a total of 62 (13 vs 49)
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morality events with a crude incidence rate of 4.6 (2.0 vs 6.9) per 1,000 person-years in the

GLP-1RA vs non-GLP-1RA groups respectively. There are summarised in Table 6.5.

Unadjusted Kaplan-Meier estimates for mortality

o

Estimated Probability of Survival
0.95
1

— INS+non-GLP-1RA
= === INSU+GLP-1RA

0 1 2 5 4 5
Years of Follow-up

No at risk (failure)
Non-GLP-1RA group 1793 (0) 1709 (11) 1504 (11) 1327 (14) 1161 (13) 1020
GLP-1RA group 1793 (1) 1622 (3) 1354 (5) 1149 (2) 979 (2) 832

Figure 6.7: Kaplan-Meier curves showing the 5-year probability of survival for all-cause
mortality between INS +/- GLP1-RA treatment groups (log-rank test p-value = 0.0001).

Cardiovascular Events: Among the 2,820 matched participants in the subgroup with no prior
history of CV events (Figure 6.8), the probability of survival for the two-point cardiovascular
event of non-fatal MI and stroke fell from 99.5% and 99.3% after one year in the GLP-1RA vs
non-GLP-1RA groups respectively to 97% in both groups at 5 years (log-rank test p-value =
0.7880). Additionally, there was a total 61 CV events, with an unadjusted crude incidence rate
of 5.8 per 1,000 person-years with 28 and 33 events in the GLP-1RA vs Non-GLP-1RA groups

respectively (crude incidence rates: 5.6 vs 6.0 per 1,000 person-years).
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Unadjusted Kaplan-Meier estimates for CV events in matched cohort
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No at risk (failure)

\Non-GLP-1RA group 1410 (10) 1324 (5) 1187 (8) 1032 (7) 901 (3) 790
GLP-1RA group 1410 (7) 1273 (5) 1059 (6) 894 (4) 763 (6) 656

Figure 6.8: Kaplan-Meier curves showing the 5-year probability of survival for Two-
point composite of CV events (non-fatal MI and stroke) between INS +/- GLP1-RA
treatment groups. Log-rank test p-value = 0.829.

Finally, in the subgroup analysis for non-fatal MI, there were 7 events (3 vs 4 events in the
GLP-1RA vs non-GLP-1RA groups respectively (crude incidence rates: 0.6 vs 0.7 per 1,000
person-years), while similarly, a total of 25 vs 29 non-fatal stroke events was reported,

signifying an unadjusted crude incidence rate of 5.0 vs 5.2 per 1,000 person-years (Table 6.5).

6.6.4. Risk of MACE, All-cause mortality, and Composite Cardiovascular Outcomes

The summary of the hazard of MACE, all-cause mortality and CV events between the treatment
groups is presented in Table 6.5. The unadjusted risk of MACE was 37% less (HR: 0.63,
95%CI: 0.45 — 0.86) in the GLP-1RA treatment group compared to the non-GLP-1RA group.
Following adjustment for age, duration of diabetes and insulin use, gender, socioeconomic

stats, alcohol use, eGFR, lipid profile, and events of hypoglycaemia, this slightly reduced to
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36% (aHR: 0.64, 95%CI: 0.42 — 0.98). Similarly, the risk of all-cause mortality was 65% less

(HR: 0.35, 95%Cl: 0.17 — 0.73) in the GLP-1RA group, following adjustment.

The risk of composite cardiovascular outcomes was 24% less (aHR: 0.76, 95%CI: 0.41 — 1.42)
in patients whose insulin therapy was intensified with GLP-1RA compared to non-GLP-1RA.
Specifically, the risk of MI was 38% lower (aHR: 0.62, 95%CI: 0.06 — 6.53); while the risk of
non-fatal stroke was 7% less (aHR: 0.93; 95%CI: 0.54 — 1.61) in the GLP-1RA group compared

to the non-GLP-1RA group after adjustment for significant confounders (Table 6.5).
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Table 6.5: Events, Crude Incidence Rates and Hazard Ratios of MACE, all-cause
mortality and cardiovascular events in the two treatment groups

INS + Non-GLP-1RA INS + GLP-1RA Total
Population 1,793 1,793 3,586
Composite Outcomes™
No. of events 98 55 153
Crude Incidence Rate (95% CI)? 14.7 (12.0 - 17.9) 9.2(7.0-11.9) 12.1(10.3-14.1)
Unadjusted Hazard Ratio (95% CI) 1.0 [Ref] 0.63 (0.45 -0.86) -
Adjusted Hazard Ratio (95% CI)® 1.0 [Ref] 0.64 (0.42 -0.98) -
All-cause Mortality
No. of events 49 13 62
Crude Mortality Rate (95% CI) 6.9(5.2-9.1) 20(1.2-35) 4.6 (3.6-5.9)
Unadjusted Hazard Ratio (95% CI) 1.0 [Ref] 0.30 (0.16 — 0.56) -
Adjusted Hazard Ratio (95% CI) 1.0 [Ref] 0.35(0.17 - 0.73) -
Population** 1,410 1,410 2,820
Composite Cardiovascular events™
No. of events/population 33 28 61
Crude Incidence Rate (95% ClI) 6.0(4.2-8.4) 5.6 (3.8-8.0) 584.5-7.4)
Unadjusted Hazard Ratio (95% CI) 1.0 [Ref] 0.93 (0.56 — 1.54) -
Adjusted Hazard Ratio (95% CI) 1.0 [Ref] 0.76 (0.41 —1.42) -
Acute Myocardial infarction (M)
No. of events/population 4 3 7
Crude Incidence Rate (95% ClI) 0.7 (0.3-1.9) 0.6 (0.2-1.8) 0.7 (0.3-1.4)
Unadjusted Hazard Ratio (95% CI) 1.0 [Ref] 0.87 (0.19 — 3.88) -
Adjusted Hazard Ratio (95% CI) 1.0 [Ref] 0.62 (0.06 — 6.53) -
Non-fatal Stroke
No. of events/population 29 25 54
Crude Incidence Rate (95% CI)? 52 (3.6-7.5) 50(3.4-17.3) 5.1(3.9-6.7)
Unadjusted Hazard Ratio (95% CI) 1.0 [Ref] 0.94 (0.55-1.61) -
Adjusted Hazard Ratio (95% CI) 1.0 [Ref] 0.93 (0.54 - 1.61) -

Abbreviation: GLP-1RA (Glucagon-like Peptide analogue receptor); INS (insulin); CI (Confidence Interval)

* MACE includes a composite of all-cause mortality, non-fatal acute myocardial infarction (AMI) and non-fatal stroke

** This population excludes patients with prior history of CV events (as defined below) at insulin initiation

*** Composite cardiovascular events include non-fatal AMI and non-fatal stroke

2 Crude incidence rates are calculated per 1,000 person-years

® Adjusted for age, duration of diabetes, duration of insulin use, gender, Townsend deprivation score, alcohol, albumin, Lipid profile, medication
(Lipid-lowering therapy, antihypertensives), eGFR (glomerular filtration rate), events of hypoglycaemia, and number of glucose-lowering therapies.
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6.6.5. Glycaemic Control (Change in HbAlc) and Change in Weight.
Both treatment groups showed a significant reduction in HbAlc throughout the study period,
but there was no significant difference between the groups at any of the study timelines (-0.32%

vs -0.39%, p = 0.0076 at 6 months; and -0.34% vs -0.41%, p = 0.334 at 36 months) (Figure

6.9).

B GLP-1RA group B Non-GLP-1RA group

Mean changein HbAlc (%)

-0.41
-042

md =-0.08

0.5 4 md =-0.09 md = -0.07
076
#=0 p=0.089 p=0334
6 months 12 months 24 months 36 months

Figure 6.9: Comparison of glycaemic efficacy (measured by change in HbALc) in
INS+GLP-1RA vs INS+non-GLP1-RA treatment groups along the study timeline (md =
mean difference, p = p-value)

Conversely, there were significant increases in weight in both treatment groups in the first 6
months, and further to 12 months in the non-GLP-1RA group. From 12 and 24 months, there
were significant reductions in weight in both groups (Figure 3). No significant differences in
changes in weight were observed between the groups in the first 24 months. However, at 36

months, adjuvant use of a GLP-1RA was associated with a significantly greater weight
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reduction compared with non GLP-1RA group (-0.99kg vs -0.85kg, mean diff = -0.92, 95%Cl:

-1.02, 0.75; p = 0.768) (Figure 6.10).
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Figure 6.10: Comparison of changes in weight in INS+GLP-1RA vs INS+non-GLP1-RA
treatment groups throughout the study duration (md = mean difference, p = p-value)

6.6.6. Subgroup and Sensitivity analyses:

Table 6.6 shows the risk of composite MACE, all-cause mortality and CV events in the
different GLP-1RA subtypes — liraglutide, exenatide and lixinatide. Compared to the insulin
users who had no GLP-1RA add-on, the risk of MACE was 47% (aHR: 0.53; 95%Cl: 0.32 —
0.89) and 19% (aHR: 0.81; 95%CI: 0.50 — 1.31) less in liraglutide and exenatide respectively,
while no event was recorded for lixinatide. Similarly, all-cause mortality was 83% (aHR: 0.17;
95%ClI: 0.06 —0.47) and 51% less (aHR: 0.49; 95%CI: 0.24 — 0.99) with no event for lixinatide.

No difference was observed between the drug subtypes on CV events.

Sensitivity analyses to compare the risks of the study outcomes in the full and matched cohorts

showed no difference in the magnitudes of the effect sizes. Also, | compared the differences in
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change in HbAlc between treatment groups, using both complete and missing data and
reported similar trend in both groups. This affirmed that the imputation robustly addressed the

missing data.
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Table 6.6: Subgroup analysis for events, crude incidence rates and hazard ratios of MACE, all-cause mortality and cardiovascular

events in the GLP-1RA subtypes

None Exenatide Liraglutide Lixinatide Total
Population 1,793 751 1008 34 3,586
Composite Outcomes (MACE)*
No. of events/person-time 98/6674 30/2552 25/3340 0/116 153/12682
Crude Incidence Rate (95% CI)? 14.7 (12.0-17.9) 11.8(8.2-16.8) 75(.1-111) - 12.1(10.3-14.1)
Adjusted Hazard Ratio (95% CI)® 1.0 [Ref] 0.81 (0.50 —1.31) 0.53 (0.32 -0.89) - -
All-cause Mortality
No. of events/person-time 49 /7125 9/2757 4/3561 0/118 62/13561
Crude Mortality Rate (95% ClI) 6.9(5.2-9.1) 3.3(1.70-6.3) 1.1(0.42 -3.0) - 4.6 (3.6-5.9)
Adjusted Hazard Ratio (95% CI) 1.0 [Ref] 0.49 (0.24 - 0.99) 0.17 (0.06 —0.47) - -
Population** 1,410 576 806 28 2,820
Composite Cardiovascular events™
No. of events/population 33/5541 16/2093 12/2840 0/107 61
Crude Incidence Rate (95% Cl) 55 (4.2-8.4) 7.6 (4.7-125) 42(24-174) - 58(45-74)
Adjusted Hazard Ratio (95% CI) 1.0 [Ref] 0.75 (0.36 — 1.56) 0.48 (0.22 - 1.04) - -
Acute Myocardial infarction (M)
No. of events/population 4/5612 1/2127 2/2863 0/108 7
Crude Incidence Rate (95% ClI) 0.7 (0.3-1.9) 05(0.1-3.3) 0.7 (0.2-2.8) - 0.7(0.3-1.4)
Adjusted Hazard Ratio (95% CI) 1.0 [Ref] 0.44 (0.05 - 4.01) 0.71(0.13-3.91) - -
Non-fatal Stroke
No. of events/population 29/5550 15/2094 10/2841 0/107 54
Crude Incidence Rate (95% CI)? 5.2(3.6-7.5) 7.2 (4.3-11.9) 35(1.9-6.5) - 51(3.9-6.7)
Adjusted Hazard Ratio (95% CI) 1.0 [Ref] 1.33(0.72 - 2.49) 0.64 (0.31-1.32) - -

* MACE includes a composite of all-cause mortality, non-fatal acute myocardial infarction (AMI) and non-fatal stroke

** This population excludes patients with prior history of CV events (as defined below) at insulin initiation
*** Composite cardiovascular events include non-fatal AMI and non-fatal stroke

& Crude incidence rates are calculated per 1,000 person-years
b Adjusted for age, duration of diabetes, duration of insulin use, gender, Townsend deprivation score, alcohol, albumin, Lipid profile, medication (Lipid-lowering therapy,
antihypertensives), eGFR (glomerular filtration rate), events of hypoglycaemia, and number of glucose-lowering therapies.
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6.7. Discussion

This study showed that, among patients who are taking MET+SU, intensification of glucose
lowering therapy with GLP-1RA in routine clinical practice was associated with a significant
73% risk reduction in the risk of adverse composite CV events and mortality compared with
intensification with insulin therapy. Also, in among overweight patients with insulin-treated
T2D in routine clinical practice, adding a GLP-1RA was associated with a significant 36% risk
reduction in a three-point composite of all-cause mortality, non-fatal MI and stroke; a 65%
reduction in all-cause mortality and a non-significant 24% reduction in CV events, compared
with no adjunctive GLP-1RA treatment. HbALc reduction was similar between the two groups
but significant difference in weight response was observed between the two groups, i.e. weight
gain with insulin and significant weight reduction with GLP-1RA, as well as a significant

reduction in weight with the use of GLP-1RA with insulin compared with none.

Many trials comparing GLP-1RA with insulin or other comparators including placebo have
reported conflicting findings with those with placebo comparators showing CV benefits. Two
recent meta-analyses however reported cardiovascular benefits of GLP-1RA.2%8 25% A similar
recent observational study in a large cohort of 39,225 T2D patients reported a similar reduced
risk of heart failure, MI and stroke in three treatment groups comparing exenatide- and
exenatide + insulin to insulin only (61/56%, 50/38% and 52/63% respectively).?”® This
collaborates with other reports showing the novel pleiotropic cardio-protective effects of GLP-
1RA have also been described.?”* Additionally, the observation of reduced composite of CV
events and all-cause mortality of adding a GLP-1RA to insulin therapy, independent of HbAlc
reduction supports novel pleiotropic cardio-protective effects of GLP-1 agonist, which have
been previously described.?’® 27t A further possible explanation for the observed reduction in

the composite events with GLP-1RA could be due to the reduced risks of hypoglycaemia as
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well as the beneficial effects of GLP-1RA in inducing weight loss — both via the addition of a

276

GLP-1RA and concurrent reductions in insulin doses.?’”® Both hypoglycaemia?’® and weight

257

gain,~>" which are commonly associated with insulin therapy, are known risk factors for adverse

CV events and mortality.

While further exploring the possible effect of obesity in the first study cohort, it demonstrated
a greater reduction of cardiovascular events with GLP-1RA compared with insulin therapy in
the subgroup of obese (BMI >30kgm™) and morbidly obese (BMI >40kgm™) patients with

T2D.

The CV safety of insulin is a controversial issue. Despite methodological adjustments, it is hard
to exclude in observational studies all the potential bias. In the ORIGIN study, a randomized
clinical trial with insulin glargine in a high CV risk population, insulin therapy was not
associated with higher CV events. On the other hand, although preclinical studies and some
meta-analysis suggest that GLP-1RA could have a protective CV effect, the ELIXA study (the
first published CV randomized clinical trial with a GLP-1RA analogue) showed that
lixisenatide had a neutral CV effect compared with other antidiabetic therapies but the recently

released landmark LEADER trial showed significant CV benefits with liraglutide.?"

Our study showed comparable reductions in HbALlc levels in the patients on either GLP-1 or
Insulin. Clinical trials®® 8 involving Exenatide and Liraglutide!® have reported similar
HbALc reduction compared with insulin. Similarly, among patients on MET+SU, a recent
randomized clinical trial reported similar HbAlc reduction between the GLP-1RA,
Taspoglutide and insulin glargine.?’” Evidence from RCT have shown that the complementary
mechanism of actions of GLP-1RA and insulin therapy offers a unique advantage to patients
with T2D, and is associated with significant reduction in HbAlc (mean ~0.8%), fasting and
postprandial glucose, lower risk of hypoglycaemia, prevention of weight gain and concurrent
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reduction of insulin doses.?’®2& |t is conceivable that the weight reduction from GLP-1RA
may be partly responsible for an increased effect of exogenous insulin delivered by insulin
injections in study participants. However, the discrepancies in the HbAlc reduction observed
in RCT following the addition of GLP-1RA to insulin therapy, compared with our neutral effect
on HbA1c levels from real world practice may reflect ‘real life” patients fear of hypoglycaemia
and weight gain, as well as the complexities of insulin dose reduction when adding a GLP-1RA
to ongoing insulin therapy. Of note, most RCT have employed a treat to target design, where

insulin doses were optimized by investigators simultaneous to adding a GLP-1RA.

Insulin therapy has been known to be associated with weight gain and this was consistent
throughout the study period in contrast to GLP-1RA which showed consistent decline in
weight. The observed increase in body weight following insulin therapy is in conformity with
previous studies.?%: 266281 |n contrast to evidence from RCT, where weight loss of between 0-
4-1.8kg was observed in the first 24-30 weeks of adding a GLP-1RA to insulin therapy (in
cohort 2), significant weight loss was only observed after 12 months of adding a GLP-1RA in
routine clinical practice. At 24 months of follow up however, | observed a significant weight
loss of -0.55kg with adjuvant GLP-1RA compared with -0.17kg without a GLP-1RA.The delay
in weight response in this observational study may reflect in a delay in down-titration of insulin
doses in routine clinical practice due to the lack of regular follow up or a rigid treat-to-target
treatment protocol. Of note, the baseline weight of our cohort is comparable to that from RCT.
The observed increase in body weight with insulin therapy (without adjuvant GLP-1RA)
however is in conformity with previous studies.?’8280 Although the baseline BMI in our
matched first study cohort was close to the morbid obesity range, our findings can be
generalised to all people with T2D because sub-analyses in the obese and morbidly obese

subgroups showed very similar findings.
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The main strength of our study derives from the inclusion of a large cohort of T2DM patients
receiving insulin therapy in a real-world population which is largely representative of the UK
population. This implies that our findings will be generalizable to various population that share
similar demographics. The large cohort of patients studied here provides adequate statistical
power and also contains information on other time-varying covariates to adjust for possible
confounding. | adjusted for a large set of factors that could have differed at the baseline through
propensity score matching. This is crucial since the decision to add a GLP-1RA in routine
clinical practice is often based on the fact that patients are overweight as per UK NICE
guidelines,?®” also confirmed by these two related studies in Tables 6.1 and 6.4 (where baseline
weight in the full cohort (before matching) was significantly greater in the GLP-1RA group).
Nevertheless, some residual confounding in our study could persists due to our inability to
measure and adjust for the dosage of the insulin therapy as well as the reliability of diabetes
duration due to the ongoing issue of identifying incident versus prevalent diabetes. A potential
source bias was the inconsistency in the measurement of HbA1c levels according to guidelines
(3-6 monthly). Due to this, many patients had no recordings for weight and HbAlc beyond the
baseline. Nonetheless, the multiple imputation of the missing data robustly addressed this as
can be seen form the results of the sensitivity analysis (Appendix 4.1). Also, the classification
of exposure into two broad drug groups could have possibly masked the effects of individual
drugs and could have driven our study away or closer to the null hypothesis. Finally, the low
outcomes recorded in the subgroup analysis could be a reflection of poor recording or coding

of these outcomes in the dataset.
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6.8. Conclusion

In summary, the evidence from this large cohort study, tracking outcomes in routine clinical
practice suggests that intensification of dual oral therapy by adding insulin is associated with a
higher risk of CV events, compared to adding a GLP-1RA therapy following dual therapy
failure but the addition of GLP-1RA as an adjunct to insulin therapy in overweight patients
with T2D is associated with a significant reduction in a composite of all-cause mortality and
CV events (MACE) and all-cause mortality, compared with not adding a GLP-1RA therapy.
The mechanism for these cardio-protective effects remained speculative but further study in a

randomised clinical trial setting is required to confirm this observation.
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Chapter Seven: Relationship between HbAlc and All-cause Mortality in
Elderly Patients

7.1. Summary

Background

The aim was to study the relationship between HbAlc and cardiovascular morbidity and all-
cause mortality among elderly insulin-treated patients with type 2 diabetes after adjustment for

multiple confounders.

Methods
Data for 8,192 adults with type 2 diabetes (>65yrs) whose treatment was intensified by starting

insulin treatment were sourced from the Health Improvement Network (THIN) database. Cox
proportional hazard models and Kaplan-Meier estimators were fitted to derive the hazards of
all-cause mortality by HbAlc decile after 5-yrs of follow-up. A sub-cohort of patients with no
prior history of CV disease was generated (n=4,589) to also determine the hazard ratio of major
CV events (incidence of non-fatal myocardial infarction and stroke, hospitalization for heart

failure and unstable angina, and acute coronary syndrome).

Results

| observed a U-shaped relationship between all-cause mortality and HbA1lc, with the lowest
risk seen in the HbA1c interquartile range (IQR) of 7.4-7.7%. The highest mortality risks were
significantly associated with the lowest (5.8%) and highest (10.7%) HbAlc deciles. Among
patients with no prior history of cardiovascular disease there was no significant association

between HbA1c and cardiovascular events.
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Conclusions

Both low and high HbAlc were associated with increased all-cause mortality, but no increase
in cardiovascular events, among elderly patients with insulin-treated type 2 diabetes. This
cohort study supports the need for individualisation of care and suggests optimal outcomes

with HbA1c levels around 7.5%.

7.2. Introduction

More than 25% of all patients with type 2 diabetes are aged over 65 years,®? and the risk-
benefit balance for anti-hyperglycaemic therapies can vary considerably in older compared
with younger age groups. The UK Prospective Diabetes Study (UKPDS) excluded patients
>65 yrs?? and more recent outcome trials in T2DM, e.g. ACCORD,* ADVANCE® and
VADT,* have failed to provide a clear consensus on the optimal HbA1c target for elderly

patients, especially those who are started on insulin therapy.

Outcomes modelling suggests that the cardiovascular and mortality benefits of lowering
HbAlc can take 2 or more decades to manifest.?8® Thus, when treatments have limited or
delayed benefits, the risk-benefit balance changes with increasing age. This is particularly so
with the use of insulin treatment in older patients in whom the benefits of HbAlc lowering may
be offset by the increased risks of hypoglycaemia, frailty, cardiovascular disease, cognitive
impairment and falls.?® Indeed, large epidemiological studies have observed a dose-response

relationship between increasing insulin exposure (duration) and all-cause mortality%% 285 286

International guidelines emphasise the importance of individualising HbAlc targets and

recommend a less stringent approach in older patients with longer duration diabetes.*> 43 46
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Nevertheless, failing to adequately treat hyperglycaemia in elderly patients may increase the
risk of acute metabolic events?®” and potentially the risks of morbidity and mortality.'®® Given
the ongoing uncertainty, | sought to evaluate the relationship between all-cause mortality and

HbA1c among a large UK cohort of older patients with insulin-treated T2D under routine care.

7.3. Methods

7.3.1. Study Design and Data Sources

| conducted a retrospective cohort study using data obtained from UK Primary Care practices

via the THIN database which has been fully described in Chapter 2.

7.3.2. Study Population

This comprised elderly insulin users with a diagnosis of T2D who were aged 65 years and
above. They must have initiated insulin therapy between January 2007 and 2014, irrespective
of their history of intake of other antidiabetic drug combinations. They must have been on
insulin therapy for at least 180 days before being eligible for inclusion in the study. Patients
with type 1 diabetes were excluded. For study cohort 1, patients with a history of cardiovascular
diseases were included, while in the subgroup analysis for cardiovascular risks (study cohort

2) patients with prior cardiovascular events before insulin initiation were excluded.

7.3.3. Exposures and Outcomes

Our main exposure was insulin initiation (index date). Insulin therapy here could be ultra-
short/short acting, premixed or long-acting, and was independent of any other co-administered

glucose-lowering therapy. The study was exposure-based starting from index date and
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participants were censored following the development of the earliest of our defined primary
outcomes; change of Insulin; loss to follow-up (transfer out of practice) or at the end of the

study after 5 years.

The outcome measure was the risk of composite MACE (major adverse cardiac events, which
includes non-fatal myocardial infarction; non-fatal stroke; hospitalization for heart failure, and
unstable angina; acute coronary syndrome; and all-cause mortality). For study cohort 1, the
time to the risk of all-cause mortality was the primary outcome while a composite of non-fatal
myocardial infarction, non-fatal stroke, hospitalization for heart failure and unstable angina,
and acute coronary syndrome (cardiovascular events) and cardiovascular mortality were the
primary outcomes for cohort 2. These outcomes were as identified by their appropriate READ
codes in the THIN database and must have occurred at least 180 days after the baseline or index

date (initiation of insulin).

7.3.4. Covariates

Baseline covariates were extracted within 90 days before and after the initiation of insulin
according to previous literature. These baseline covariates have been discussed in section 2.6.3

(Chapter 2).

7.3.5. Procedure

Glycaemic control was measured by post-index mean HbALc. This was calculated as the mean
of all recorded post-insulin HbA1c values from the index date to the censorship of participants
at the occurrence of any of the outcomes, loss to follow-up, discontinuation of insulin or end
of the study period at 5 years. The mean of all post-index HbAlc values for each patient within

this period was computed and used to rank the study population into deciles. The hazard of the
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primary outcomes was explored in each decile and compared to the 4th decile (HbAlc range:
7.4-7.7%). In order to account for individual variations in HbAlc over the study period and to
avoid violating the survival analysis assumptions, | conducted sensitivity analyses in which
post-insulin Hbaicwas calculated in two ways before inclusion in our Cox model. First, |
calculated it as a yearly mean value (the average of the mean yearly HbAlc recorded for years),
having used multiple imputations (using the chain equation) to account for missing data; and
secondly, as a cumulative yearly mean (cumulative total and average of last HbAlc recordings

for each year).

7.3.6. Statistical Analyses

The primary analyses were all-cause mortality in the full cohort; and a composite outcome of
non-fatal myocardial infarction, non-fatal stroke, hospitalization for heart failure, and unstable
angina; acute coronary syndrome in a sub-cohort of patients with no prior history of
cardiovascular events. The mean, frequency distribution and differences between the measured
baseline covariates between deciles were calculated and summarized. Baseline differences

amongst the cohort were assessed using student t-test and Pearson’s Chi-squared test.

Crude and adjusted Kaplan—Meier estimates of survival functions were obtained for the decile
groups. | used the log-rank test to compare the equality of the survival curves between the
deciles. From these survival functions, the absolute reduction in the probability of an event

occurring within a 5-year follow-up was calculated.

| fitted a Cox proportional hazard model to estimate the marginal hazard ratios, to enable us to
quantify the adjusted hazard of an event occurring in all the decile groups compared to the
fourth decile (HbAlc range: 7.4-7.7%). In this model, all the covariates which showed

significant association with both the exposure and outcome in our univariate analyses and

210



Target HbAlc and Mortality in Elderly Insulin-users

changed the effect size by >10% were included alongside a priori confounders. Proportional
hazards assumptions were confirmed through Schoenfeld residuals test. Point estimates with
95% confidence intervals (CI) at the conventional statistical significance level of 0.05 were

used in the regression models.

7.3.7. Subgroup/Sensitivity Analyses

Test of interaction was conducted to determine any association between the common
combination therapies with insulin in the main cohort and the outcomes and based on this, a
subgroup analysis on all-cause mortality in patients on insulin monotherapy; dual therapy with
insulin + metformin (INS+MET) and those on insulin + sulphonylurea (INS+SU). With the
methods described above, the hazards of the outcomes between the deciles in these groups were

also compared.

7.4. Results

7.4.1. Cases and Total Follow up

For cohort 1, | identified 8,192 eligible elderly patients in the THIN database on insulin
therapy. Of these, 4,589 had no prior history of CV events (Cohort 2) at the index date (insulin
initiation). Figure 7.1 outlines the selection process for these study cohorts. The median
follow-up period for the cohorts was 3.6 years (IQR: 2.3-4.9), representing a total follow-up

period of 46,189 person-years.
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7.4.2. Patient Characteristics

At baseline, the overall median age was 73.0 yrs (IQR: 68.9 - 78.2); median HbA1c:8.1% (IQR:
7.0 — 9.2); 48.1% were female; while the mean BMI was 31.9+6.5 kg/m? and the average
duration of insulin treatment was 5.2+6.8 years. Table 7.1 summarises the baseline
characteristics of our study cohort by each decile group. Significant differences between the
decile groups were observed in socio-economic status (p = 0.05), history of alcohol intake (p

= 0.048) and use of lipid-lowering agents (p = 0.0001).

19,808 patients identified in the
THIN Dataset

993 excluded
Type 1 diabetes (900)
No records of insulin (93)

A A

A 4

18,815 patients 14,224 excluded
remaining N History of CV events (5,716)
" Age < 65years (8,510)

A\ 4

4,589 patients eligible for
inclusion in the main
cohort

Figure 7.1: Flow diagram of selection of study participants

212



Target HbAlc and Mortality in Elderly Insulin-users

Table 7.1: Baseline Characteristics of Study Cohort

HbA1c deciles (N) 1 (n=459) 2 (n=460) 3 (n=458) 4 (n=459) 5 (n=459) 6 (n=459) 7 (n=459) 8 (n=459) 9 (n=459) 10 (n=458) Total (n=4589)
Mean HbA1c (%) 5.7 (0.6) 6.7 (0.2) 7.1(0.1) 7.5 (0.10) 7.8 (0.10) 8.2(0.1) 8.5(0.1) 9.0 (0.1) 9.5(0.2) 10.6 (0.7) 8.1(1.4)
(95%ClI) (3.95-6.40) (6.41-6.95) (6.96-7.35) (7.36-7.69) (7.70-8.02) (8.03-8.38)  (8.39-8.76) (8.77-9.25) (9.26-9.88) (9.89-16.03) (3.95-16.03)
Demographics
Age (yrs). Mean (SD) 75.0 (6.7) 74.1 (6.4) 74.0 (6.3) 74.1(6.3) 74.0 (6.5) 74.1 (6.5) 73.6 (6.1) 73.9(6.2) 73.2(6.2) 72.9(5.8) 73.9(6.3)
Gender. No. (%)
Male 442 (54) 439 (54) 409 (50) 420 (51) 432 (53) 429 (52) 415 (51) 419 (51) 409 (50) 417 (51) 4231 (51.7)
Female 378 (46) 380 (46) 410 (50) 399 (49) 387 (47) 391 (48) 404 (49) 400 (49) 410 (50) 402 (49) 3961 (48.3)
Smoking Status. No (%)
Ex-smoker 375 (46) 354 (43) 352 (43) 303 (37) 324 (40) 367 (45) 348 (42) 354 (43) 344 (42) 347 (42) 3468 (42.8)
Non-smoker 403 (49) 388 (47) 404 (49) 447 (54) 431 (52) 386 (46) 414 (50) 399 (49) 396 (47) 414 (50) 4082 (49.4)
Current 42 (5) 77 (9) 63 (8) 69 (8) 64 (8) 67 (8) 57 (7) 66 (8) 79 (10) 58 (7) 642 (7.8)
Alcohol Status. No (%)
Ex-drinker 55 (7) 60 (7) 42 (5) 50 (6) 40 (5) 43 (5) 56 (7) 55 (7) 47 (6) 46 (6) 494 (6.0)
Never 287 (35) 269 (33) 284 (35) 315 (38) 275 (34) 255 (31) 282 (34) 285 (35) 285 (35) 326 (40) 3356 (41.0)
Current 429 (52) 441 (54) 439 (54) 405 (49) 452 (55) 467 (57) 437 (53) 441 (54) 436 (53) 395 (48) 4863 (53.0)
Deprivation. No (%)
Least deprived 178 (23) 159 (21) 188 (24) 178 (23) 203 (26) 178 (23) 162 (21) 184 (23) 166 (21) 152 (20) 1748 (22.4)
Second quintile 169 (21) 163 (21) 162 (21) 179 (23) 189 (24) 160 (20) 162 (21) 159 (20) 158 (20) 168 (22) 1669 (21.4)
Third quintile 164 (21) 158 (21) 169 (22) 166 (21) 175 (22) 167 (21) 163 (21) 180 (23) 166 (21) 172 (22) 1680(21.5)
Fourth quintile 166 (21) 173 (23) 149 (19) 165 (21) 126 (16) 172 (22) 174 (22) 162 (20) 159 (21) 174 (23) 1620 (20.8)
Most deprived 114 (14) 110 (14) 112 (14) 98 (12) 87 (11) 105 (13) 126 (16) 106 (13) 126 (16) 104 (14) 1088(13.9)
Clinical Parameters. Mean (SD)
HbA1c (%) 6.6 (1.5) 7.4 (1.4) 7.7 (1.4) 7.9 (1.3) 8.4 (1.4) 8.6 (1.3) 8.8(1.4) 9.1(1.4) 9.7 (1.4) 10.5 (1.6) 8.5 (1.8)
BMI (kg/m?) 31.2 (6.9) 31.5(6.7) 32.0(6.3) 31.7 (6.8) 31.9 (6.4) 31.7 (6.6) 31.6 (6.8) 32.7 (6.6) 32.5 (6.7) 32.4 (6.5) 31.9 (6.6)
Diabetes duration (yrs)* 6.2 (5.2) 5.7 (4.9) 5.7 (4.7) 5.9 (4.9) 5.8 (5.3) 5.7 (5.1) 6.0 (5.1) 5.8 (5.0) 5.5(4.8) 5.4 (4.9) 5.8 (5.0)
Time on insulin (yrs) 5.4 (6.2) 4.9(6.2) 5.4 (6.7) 5.4 (6.8) 5.4 (6.8) 4.9 (6.6) 5.4 (7.0) 4.9 (6.9) 5.2(7.7) 5.1(6.7) 5.2 (6.8)
Height (m) 1.7 (0.1) 1.7 (0.1) 1.7 (0.1) 1.7 (0.1) 1.7 (0.1) 1.7 (0.1) 1.7 (0.1) 1.7 (0.1) 1.7 (0.1) 1.7 (0.1) 1.7 (0.1)
Weight (kg) 87.8 (18.7) 88.2 (17.9) 88.5(17.8) 87.5(17.8) 87.7(17.3) 87.9(18.5)  87.4(17.9) 89.7 (17.7) 88.5 (17.5) 88.1(16.9) 88.1(17.8)
Time on insulin (yrs) 4.9 (6.2) 4.7 (6.4) 4.6 (6.7) 5.1(7.0) 5.0 (6.9) 4.7 (6.4) 4.6 (6.9) 4.6(7.1) 5.0 (8.6) 4.5 (6.7) 4.8 (6.9)
DBP (mmHg) 73.2 (10.9) 73.4 (10.4) 73.6 (10.6) 74.6 (10.8) 74.6 (11.0)  74.0(10.8)  74.7(10.8) 73.9(10.5) 74.2 (10.6) 75.1(10.7) 74.1(10.7)
SBP (mmHg) 139.1 (24.7) 138.9 (23.1) 139.1 (23.4) 139.2 (22.0) 140.8 (22.6) 137.9(22.5) 139.3 (22.7) 138.0(22.1) 138.3 (22.6) 136.6 (23.6) 138.7 (22.9)
Albumin (g/L) 4.0(0.5) 4.0(0.4) 4.0(0.4) 4.0 (0.4) 4.0 (0.4) 4.0 (0.4) 4.0 (0.4) 4.0(0.4) 3.9(0.4) 3.9(0.4) 4.0 (0.4)
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ACR (mg/mol)

eGFR (mls/min/1,73m?2)

TC. (mmol/L)

Triglyceride (mmol/L)

LDL (mmol/L)

HDL (mmol/L)

BMI Categories. N (%)
Normal
Overweight
Obese

Use of Medications. N (%)
Aspirin
LLT
Antihypertensive

Comorbidities. N (%)
Hypoglycaemia
Heart Failure
PAD
Other CHD

5.4 (8.6)
51.7 (19.1)
4.2(1.3)
1.8 (1.2)
2.1(1.1)
1.2 (0.4)

155 (19)
204 (25)
461 (56)

805 (100)
674 (84)
765 (95)

166 (20)
186 (23)
172 (21)
312 (38)

6.7(9.2)
55.3 (19.5)
43(1.2)
1.9 (1.2)
2.2(1.0)
1.2 (0.4)
137 (17)
199 (24)
483 (59)

812 (100)
717 (88)
787 (97)

176 (21)
175 (21)
164 (20)
313 (38)

6.2 (9.3)

52.9 (19.6)

43(1.3)
1.9 (1.1)
2.2(1.1)
1.2 (0.4)

115 (14)
201 (25)
503 (61)

814 (100)
727 (89)
783 (96)

175 (21)
186 (23)
152 (19)
339 (41)

6.4 (8.5)

54.7 (20.3)

4.4(1.2)
2.0 (1.1)
2.3(1.0)
1.2 (0.4)

124 (15)
219 (27)
476 (58)

806 (100)
727 (90)
763 (95)

160 (20)
180 (22)
142 (17)
326 (40)

6.4 (8.4)

54.8 (20.0)

4.3(1.5)
2.0 (1.3)
2.2(1.2)
1.2 (0.5)

109 (13)
219 (27)
491 (60)

806 (100)
719 (89)
775 (96)

174 (21)
169 (21)
132 (16)
318 (39)

6.4 (8.5)

52.8 (19.8)

4.4(1.2)
2.0(1.2)
2.2(1.0)
1.2 (0.4)

117 (14)
217 (26)
486 (59)

811 (100)
733 (90)
778 (96)

160 (20)
171 (21)
138 (17)
315 (38)

6.5(8.3)

56.7 (19.2)

4.4(1.3)
2.0 (1.1)
2.2 (1.1)
1.2(0.5)

124 (15)
212 (26)
483 (59)

807 (100)
726 (90)
776 (96)

168 (21)
174 (21)
147 (18)
305 (37)

6.3(8.2)

54.8 (18.1)

4.5(1.3)
2.1(1.2)
2.3(1.1)
1.2 (0.4)

94 (11)
198 (24)
527 (64)

807 (100)
704 (87)
776 (96)

187 (23)
189 (23)
137 (17)
332 (41)

6.7 (8.5)

55.2 (19.6)

4.4(1.2)
2.1(1.2)
2.2(1.0)
1.2 (0.4)

106 (13)
192 (23)
521 (64)

805 (100)
730 (91)
771 (96)

181 (22)
176 (21)
138 (17)
329 (40)

6.9 (8.4)

57.0 (19.7)

4.5(1.3)
2.1(1.3)
2.3(1.1)
1.2 (0.4)

105 (13)
198 (24)
516 (63)

806 (100)
727 (90)
771 (96)

190 (23)
181 (22)
145 (18)
320 (39)

6.4 (8.6)
54.6 (19.6)
4.4(1.3)
2.0(1.2)
2.2(1.1)
1.2 (0.4)

1186 (14.5)
2059 (25.1)
4947 (60.4)

8079 (99.9)
7184 (88.9)
7745 (95.8)

1737 (21.2)
1787 (21.8)
1467 (17.9)
3209 (39.2)

*Diabetes duration is time from first diagnosis of diabetes to date of intensification with insulin (index date).
Comorbidities: other recorded medical disorders.

ACR, albumin creatinine ratio; BMI, body mass index; CHD, coronary heart disease; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; HbAlc, haemoglobin Alc; HDL, high-density lipoprotein; INS, insulin; LDL,
low-density lipoprotein; LLT, lipid-lowering therapy,; PAD, peripheral arterial disease; SBP, systolic blood pressure; TC, total cholesterol.
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7.4.3. Crude Event Rates

The 1- and 5-year probability of survival differed significantly between the decile groups at 1
year (99 — 100%) and 5 years (73 — 84%) respectively (log-rank test p-value < 0.00001).
Overall, there were 2,417 all-cause mortality events with a crude incidence rate of 52 per 1,000
person-years (95%CI: 50.28 — 91.14). The highest number of mortality events (280) was
reported for the 1st HbAlc post-insulin decile (HbAlc=5.8%) group; followed by 261 events
in the 10th decile group (HbA1c=10.7%) while the 4th decile (HbA1c=7.5%) had the least
number of events of 209. The greatest and least crude mortality incidence rates of 68.2 and
67.8/1000 person-years respectively were seen in the 1st and 10th decile groups respectively.
Table 7.2 summarises the number of mortalities, crude mortality rates and the hazard of

mortality within the HbA1c decile groups.

For the second cohort, there were 2,069 composite cardiovascular events with a crude incidence
rate of 125events/1000 person-years (95%CI: 120 - 130). The least number of cardiovascular
events of 182 was recorded in the 6th decile group while the 2nd decile had the highest recorded
number. Conversely, the incidence of cardiovascular events was also greatest in the 2nd decile
group, followed by the 1st and the 8th. For cardiovascular mortality in this cohort, the 2nd
(HbAlc = 6.7%) and 9th (HbAlc = 9.5%) decile groups recorded the highest (87) and least
(51) number of deaths respectively; while the highest crude mortality rate in insulin users with
no prior history of cardiovascular event was in patients with very tight glycaemic control (post-

insulin HbAlc of 5.8% - 1st decile group) (Table 7.2).
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Table 7.2: Events, Rates and Hazards of Mortality and CV events in elderly T2DM on Insulin Therapy

HbAlc deciles (Total) 1 (n=820) 2 (n=819) 3 (n=819) 4 (n=819) 5 (n=819) 6 (n=820) 7 (n=819) 8 (n=819) 9 (n=819) 10 (n=819) Total (n=8192)
Mean post-index HbALc (%) 5.79 6.71 7.15 7.51 7.85 8.2 8.56 9 9.53 10.67 8.1
Range  3.95-6.40 6.41-6.95 6.96-7.35 7.36-7.69 7.70-8.02 8.03-8.38 8.39-8.76 8.77-9.25 9.26-9.88 9.89-16.03 3.95-16.03
All-cause Mortality in the entire study population
Number of events 280 243 235 209 217 236 232 251 253 261 2417
*IR (per 1,000 person-yrs) 68.2 55.6 54.1 411 48.3 51.0 49.7 56.3 60.5 67.8 52.3
(95%Cl) (60.7-76.7) (49.1-63.1) (47.9-61.2)  (38.0-56.0) (42.4-55.0)  (45.0-57.7)  (39.1-51.2)  (50.0-63.5) (54.5-67.4) (59.9-53.3) (50.3-54.5)
Adjusted Hazard Ratio 1.36 1.22 1.17 ref 1.01 1.13 1.12 1.21 1.24 1.31 -
(95% CI) (1.10-1.62) (0.98-1.46) (0.94-1.44) - (0.82-1.21)  (0.92-1.35)  (0.90-1.24)  (0.98-1.44) (0.99-1.49) (1.06-1.56) -

Cardiovascular events (non-fatal acute MI, stroke, hospitalization for heart failure and unstable angina; acute coronary syndrome) in patients with no prior cardiovascular event at index date

HbA1c deciles (Total) 1 (n=459) 2 (n=460) 3 (n=458) 4 (n=459) 5 (n=459) 6 (n=459) 7 (n=459) 8 (n=459) 9 (n=459) 10 (n=458) Total (n=4589)
Number of events 215 217 205 193 211 182 211 218 210 207 2069
*IR (per 1,000 person-yrs) 130.0 133.7 121.8 114.3 128.2 106.6 131.1 132.8 125.0 114.0 125.3
(95%Cl) (ﬂg'g)' (117.1-152.8)  (106.2-139.7)  (99.2-131.6)  (112.0-146.7)  (92.1-123.2) (114.5-150) (116.3-151.7)  (109.2-143.1)  (114.0-149.7)  (120.0-130.8)
Adjusted Hazard Ratio 121 1.22 1.19 ref 1.34 1.04 1.18 1.27 1.10 124 -
(95% ClI) (0.96-1.54) (0.97-1.55) (0.94-1.51) - (1.06-1.69) (0.82-1.31)  (0.93-1.49) (1.01-1.59) (0.87-1.39) (0.98-1.56) -
Cardiovascular mortality in those with no prior cardiovascular event at index date
HbAlc deciles (Total) 1 (n=459) 2 (n=460) 3 (n=458) 4 (n=459) 5 (n=459) 6 (N=459) 7 (n=459) 8 (n=459) 9 (n=459) 10 (n=458) Total (n=4589)
Number of events 86 87 64 69 68 53 66 79 51 58 681
*IR (per 1,000 person-yrs) 35.7 332 22.3 24.7 24.7 18.4 22.7 28.7 17.3 20.7 245
(95%Cl) (28.9-44.1) (26.9-41.0) (17.5-285)  (19.5-31.2) (19.4-31.3)  (14.0-240) (17.8-28.9)  (23.1-35.8) (13.1-22.7) (16.0-26.8) (22.8-26.5)
Adjusted Hazard Ratio 1.49 1.26 1.01 Ref 1.08 0.76 1.17 1.22 0.75 0.90 -
(95% CI) 1.00-2.22 0.85-1.89 0.66-1.53 - 0.72-1.61 0.49-1.16 0.77-1.77 0.82-1.81 0.48-1.16 0.59-1.38 -

*|R= Incidence Rate.

Adjusted for age, gender, smoking status, history of alcohol intake, socio-economic status, body mass index (BMI), diabetes duration, duration of insulin therapy, estimated glomerular filtration rate (eGFR), albumin-creatinine

ration (ACR) and total cholesterol (TC)
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7.4.3. Risk of All-cause Mortality and Composite Cardiovascular Outcomes

Table 7.2 summarises the composite events, incidence rates and hazards of mortality in the first
study cohort and composite cardiovascular outcome. The hazards of these events were

compared to the 4th post-insulin HbAlc decile of 7.5% (range 7.4-7.7%).

There was a variation in mortality with an increase in the hazard of mortality from decile
HbAlc of 7.5% (IQR: 7.4 - 7.7%), the reference decile (Figure 7.2A). Higher mortality hazards
were significantly associated with the lowest (5.8%) and highest (10.7%) post-insulin HbAlc
deciles. In the adjusted model, compared to the reference HbAlc decile group of 7.5%, there
was a 36% increase in the hazard of death in the lowest decile (HbAlc of 5.8%) with tight
glycaemic control (HR: 1.36, 95%CI: 1.10 — 1.62), while an increase of 31% (HR: 1.31,
95%CI: 1.06 — 1.56) in the hazard of death was reported in the poor glycaemic control group
(highest HbAlc decile of 10.7%). Other decile groups also showed increased mortality but
these were not significant. In Figure 7.2, this association is represented in a U-shaped curve

for Cohort 1.

In the subpopulation group with no prior history of cardiovascular events on insulin initiation,
a slightly similar but non-consistent pattern emerged for both the cardiovascular events and
cardiovascular mortality. In the adjusted cox model, the risk increased further away from the
comparator HbA1c group of 7.5% but this was not in a consistent pattern (Figure 7.2B). Also,
there was no significant association between post-insulin HbAlc and the hazard of
cardiovascular events except in the 5th and 8th deciles groups. Conversely, for cardiovascular
mortality, there was a 49% significant increase (HR: 1.49%, 95%CI: 1.0 — 2.22) in the risk of
death in the lowest HbAlc decile group compared to 7.5%. In addition, higher HbAlc targets

(9.5% and 10.7%) were shown to be associated with 25% (HR: 0.75, 95%CI: 0.48 — 1.16) and
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10% (HR: 0.90, 95%Cl: 0.59 — 1.38) reduced risk of CV deaths, respectively. However, this

was not significant (Table 7.2).
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Figure 7.2A: Adjusted hazard ratios for mortality in the full cohort by HbA1lc deciles
(Cohort 1). The vertical bars show 95% CI while the horizontal bars show HbA1c range.
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Figure 7.2B. Adjusted hazard ratios for CV events in the full cohort by HbAlc deciles
(Cohort 1). The vertical bars show 95% CI while the horizontal bars show HbAlc range.
* Shows truncation of range at the upper range limit.
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| tested for violations of the proportional hazards assumptions using Schoenfeld residuals test,
in which | examined the null hypothesis that the hazard ratio is constant over time and | found

no evidence (p=0.342) to reject this assumption of proportional hazards for the decile groups.

7.4.4. Sensitivity and Subgroup Analyses

Table 7.3 highlights the predictors for progression to all-cause mortality in the full cohort
(Cohort 1) and in the subgroups of the population which include insulin (INS) monotherapy;
Insulin and Metformin (INS+MET) and sulphonylurea (INS+SU) dual-therapy subgroups.
Within this elderly insulin treated cohort of T2D, not surprisingly, age and smoking status
appear to be significant independent demographic predictors of mortality. With regards to
clinical parameters, body mass index, kidney function and total cholesterol levels were
independent predictors of mortality for the entire cohort. However, only BMI persists as an
independent predictor of mortality across all subgroups of insulin treatment (monotherapy,
INS+MET and INS+SU). Interestingly, disease duration was an independent predictor of

mortality only in the ‘Insulin only’ treatment subgroup.
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Table 7.3: Cox proportional hazard models for progression to mortality in all elderly insulin users and by treatment regimen

Full cohort Insulin only Ins + Met Ins + SU
Hazard Ratio Hazard Ratio Hazard Ratio Hazard Ratio
(95%C) p-value (95%Cl) p-value (95%Cl) p-value (95%C) p-value
Demographics
Age 1.1 (1.09-1.11) <0.0001 1.06 (1.03-1.08) <0.0001 1.08 (1.04-1.14) <0.0001 1.05 (1.02-1.08) 0.001
Gender (male vs female) 0.70 (0.61-0.80) <0.0001 1.27 (0.82-1.95) 0.280 0.65 (0.38-1.09) 0.102 0.95 (0.51-1.79) 0.880
Smoking Status.
Non-smoker 1 - - 1 - - 1 - - 1 - -
Ex-smoker 1.15 (1.03-1.27) 0.009 0.96 (0.68-1.37) 0.829 1.20 (0.80-1.81) 0.384 0.96 (0.68-1.37) 0.829
Current 1.79 (1.50-2.13) <0.0001 2.03 (1.15-3.57) 0.014 1.43 (0.64-3.00) 0.102 2.03 (1.15-3.57) 0.014
Alcohol Status.
Never 1 - - 1 - - 1 - - 1 - -
Ex-drinker 0.78 (0.63-0.96) 0.021 1.74 (0.74-4.11) 0.207 1.00 (0.50-1.97) 0.995 0.26 (0.09-0.76) 0.013
Current 0.75 (0.61-0.93) 0.008 1.34 (0.88-2.23) 0.157 0.98 (0.51-4.31) 0.964 0.37 (0.19-0.74) 0.005
Deprivation.
Least deprived 1 - - 1 - - 1 - - 1 - -
Second quintile 0.99 (0.86-1.15) 0.917 0.77 (0.48-1.23) 0.280 1.63 (0.97-2.76) 0.066 2.09 (1.14-3.84) 0.018
Third quintile 1.08 (0.93-1.24) 0.328 0.82 (0.52-1.27) 0.368 1.16 (0.62-2.21) 0.638 0.76 (0.41-1.40) 0.378
Fourth quintile 1.27 (1.10-1.46) 0.001 0.66 (0.99-1.11) 0.118 1.13 (0.67-1.90) 0.642 1.51 (0.82-2.77) 0.183
Most deprived 1.08 (0.92-1.27) 0.334 0.52 (0.30-0.92) 0.025 1.01 (0.53-1.93) 0.982 1.32 (0.63-2.81) 0.456
Clinical Parameters
BMI (kg/m?2) 1.36 (1.22-1.42) 0.012 1.27 (1.08-1.49) 0.001 1.22 (1.04-1.56) 0.004 1.31 (1.01-1.65) 0.036
Diabetes duration (yrs) 1.00 (0.99-1.01) 0.186 1.02 (1.01-1.04) 0.004 1.05 (0.97-1.01) 0.348 0.99 (0.94-1.05) 0.804
DBP (mmHg) 1.00 (0.99-1.01) 0.774 1.01 (0.99-1.02) 0.608 1.02 (1.00-1.04) 0.040 0.99 (0.97-1.01) 0.482
SBP (mmHg) 1.00 (0.99-1.00) 0.139 0.99 (0.99-1.00) 0.653 0.99 (0.98-1.00) 0.250 1.00 (0.99-1.01) 0.689
ACR (mg/mol) 1.00 (0.99-1.00) 0.980 1.01 (0.98-1.02) 0.876 1.00 (0.98-1.02) 0.833 0.99 (0.97-1.02) 0.777
eGFR (mls/min/1.73m?) 0.99 (0.99-0.99) <0.001 1.00 (0.99-1.00) 0.245 0.99 (0.98-1.00) 0.239 1.01 (0.99-1.01) 0.884
TC. (mmol/L) 1.70 (1.42-2.01) <0.001 0.67 (0.40-1.11) 0.120 0.68 (0.33-1.40) 0.291 0.63 (0.31-1.28) 0.204
BMI Categories
Normal 1 - - 1 - - 1 - - 1 - -
Overweight 1.06 (0.90-1.26) 0.482 0.86 (0.50-1.45) 0.564 1.22 (0.66-2.26) 0.523 0.92 (0.45-1.87) 0.822
Obese 1.05 (0.85-1.29) 0.678 0.64 (0.33-1.24) 0.185 131 (0.56-3.09) 0.533 1.86 (0.70-4.97) 0.211

Post-Insulin mean HbA1c decile
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D1 (mp 5.8%) 136  (1.10-1.62) 0.075 1.25  (0.62-2.54) 0.534 0.92  (0.41-2.07) 0.839 0.61  (0.26-1.43)  0.258
D2 (mp 6.7%) 122 (0.98-1.46) 0.151 1.20  (0.58-2.50) 0.624 0.73  (0.33-1.65) 0.452 1.13  (0.50-2.54)  0.776
D3 (mp 7.1%) 117  (0.94-1.44) 0.178 212  (1.05-4.28) 0.035 1.40  (0.66-2.99) 0.382 0.54  (0.24-1.24)  0.145
D4 (mp 7.5%) ref - - ref - - ref - - ref - -

D5 (mp 7.9%) 1.01  (0.82-1.21) 0.058 1.44  (0.69-3.00) 0.326 0.92  (0.41-2.10) 0.861 041  (0.15-1.17)  0.097
D6 (mp 8.2%) 113 (0.92-1.35) 0.977 112  (0.58-2.19) 0.722 135  (0.63-2.92) 0.444 0.44  (0.20-0.98)  0.045
D7 (mp 8.7%) 112  (0.90-1.24) 0.135 133 (0.63-2.78) 0.452 0.81  (0.37-1.75) 0.585 034  (0.13-0.89)  0.028
D8 (mp 9.0%) 121 (0.98-1.44) 0.013 1.89  (0.96-3.72) 0.067 0.56  (0.24-1.31) 0.181 1.09  (0.48-2.49)  0.836
D9 (mp 9.5%) 1.24  (0.99-1.49) 0.962 1.38  (0.68-2.80) 0.368 0.63  (0.27-1.51) 0.301 0.78  (0.31-2.00)  0.613
D10 (mp 10.8%) 131 (1.06-1.56) 0.315 1.67  (0.82-3.44) 0.161 1.42  (0.66-3.06) 0.373 0.38  (0.15-0.99)  0.047

Diabetes duration is time from first diagnosis of diabetes to date of intensification with insulin (index date). mp, median point. ACR, albumin creatinine ratio; BMI, body mass index; eGFR, estimated glomerular
filtration rate; HbAlc, haemoglobin Alc; INS, insulin; Met, metformin; SU, sulphonylurea; DBP, diastolic blood pressure; SBP, systolic blood pressure; TC, total cholesterol.
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Sensitivity analysis for the hazard of composite events as a time-fixed or time-dependent
covariate, in three models in which the mean post-insulin HbAlc was fitted differently in the
Cox regression model (as mean of all values, cumulative mean and yearly mean) in the final
model is shown in Figure 7.3. Compared to the reference 4th decile (HbAlc of 7.5%), the
adjusted hazard of mortality showed slight variations when HbAl1c was fitted as cumulative
mean but the overall U-shaped association between hazard ratio and mean HbAlc decile

persists.
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Figure 7.3: Adjusted Hazard Ratios for mortality based on the different models of HbAlc
deciles - Mean of all values (blue), Cumulative (updated) mean (green) and yearly mean
(red).
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7.5. Discussion

| have shown that for older patients (aged >65 years) with Insulin-treated type 2 diabetes,
following adjustment for various confounders, very high and very low levels of HbAlc were
associated with higher risks of adverse outcomes, with the optimal level of HbAlc ranging
between 7.4-7.7%. The highest mortality risks were observed at the lowest (5.8%) and highest
(>10.7%) levels of HbAlc. Interestingly, however, this U-shaped association between HbAlc
and mortality was not observed in the subgroup of patients with no previous history of a CV

event at baseline.

Evidence derived from randomised controlled trials has shown that intensive control of blood
glucose levels in patients with type 2 diabetes reduces the risk of long-term vascular
complications leading to blindness, kidney failure, lower limb amputation and adverse
cardiovascular events.?? 193 259 previous observational studies, however, have provided
conflicting evidence regarding the association between achieved HbAlc levels and mortality
among patients with type 2 diabetes in routine care. Studies using earlier datasets have reported
a more linear relationship®® 28° whereas more recent studies have reported a U-shaped
association between HbA1c and mortality®” 20 21 Of note, in a study by Currie et al,*” a U-
shaped association was observed among insulin users, but this was not apparent among non-
insulin treated patients. The discrepancies between older and more recent studies are likely to
be attributable to the more aggressive glycaemic targets being adopted in response to recent
national and international guidelines, as well as the greater use of combination therapies which

include insulin.

A post-hoc analysis of the ACCORD trial has revealed a discordant HbAlc-mortality
relationship between the control arm and the intensively treated arm,* indicating that
aggressive use of glucose-lowering treatments might influence the HbAlc-mortality
relationship. In a more recent sub-analysis of the ACCORD trial, regardless of intervention
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arm, the subgroup of older patients experienced higher annualized rates of severe
hypoglycaemia. Thus, the recommendation for individualization of HbAlc targets for older
people needs to be based on a variety of considerations including levels of frailty, presence of
multiple comorbidities and the complexities and safety of polypharmacy. Yet, despite the well-
recognised associations between intensive glucose control and the increased risk of
hypoglycaemia, and the links between hypoglycaemia and enhanced sympathomimetic
(adrenergic) drive,? cardiac arrhythmias?®® and mortality,?** there is limited data on defining

the optimal HbAlc-target (or target range) in elderly patients with insulin treated T2D.

This analysis therefore advances current knowledge in several ways: (1) it assessed the
association between HbAl1c and mortality specific to older patients with Insulin-treated type 2
diabetes; (2) it utilised a large electronic record of individual patient-data among a cohort
receiving routine care in UK General Practice; (3) | derived an optimal HbA1c range for this
patient cohort associated with reduction in the risk of mortality, (4) a range of values was
observed following adjustment for important confounders and time varying co-variates, as well
as appropriate management of missing data using multiple imputation techniques; and (5) |

have identified independent predictors of mortality.

These findings in elderly insulin treated patients with type 2 diabetes are consistent with recent
observational studies in general patients with type 2 diabetes which reported a strong U-shaped
HbAlc —mortality association. However, rather than aiming to achieve an optimal HbAlc
target to below a certain value, the data suggest the need to control HbAlc to a certain range
(7.4-7.7%) in order to maximally reduce mortality. Of note, while age, smoking status, BMI,
renal function and cholesterol were independent predictors of mortality, it is interesting that
the impact of diabetes duration as an independent predictor of mortality was eliminated for
patients who were co-prescribed metformin therapy, which might indirectly signify a

cardiovascular benefit of metformin in this patient group.
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Unlike mortality, | did not observe a U-shape association between cardiovascular events and
HbA1c in this group of patients, but rather a similar cardiovascular risk across all HbAlc levels.
This implies that this older patient cohort are generically at higher risk of cardiovascular events,
irrespective of HbAlc levels, and that other non- cardiovascular factors may influence
mortality outcomes at high or low levels of HbA1c. Older patients at low levels of HbAlc may
have poor glycogen reserve due to poor nutritional status and are generally more frail, 2%
whereas those with higher HbAlc may have a higher risk of dehydration, infection, electrolyte
abnormalities and metabolic complications,?® all of which may contribute to an elevated
mortality risk, independent of cardiovascular events. A discrepancy between mortality and
cardiovascular outcomes was also observed in the ACCORD study where, despite an increase
in mortality with intensive glucose control, the number of patients achieving the primary
outcome of a composite of non-fatal myocardial infarction, non-fatal stroke, or death from
cardiovascular causes was lower in the intensive compared with the standard therapy groups,

although this finding was not statistically significant.%

7.6. Limitations

These analyses were subject to some limitations inherent to observational studies, such as
coding errors, unlisted comorbidities or missing data, although the use of multiple
imputations?®” would have provided some protection against the latter. In addition, our
exposure data relates to prescriptions so | cannot be certain that the patients were completely
compliant with their medication. However, should there be any over-estimation of exposure to
the medications in our analysis, such a misclassification would be non-differential and only
bias results towards unity. Other factors apart from HbAlc may also influence the decision to

intensify treatment by starting insulin. These may include tolerability, safety, cost and a
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patient’s preference, but this analysis was unable to evaluate how these factors might have
influenced the findings. Although I could not account for potential residual confounders such
as indications for intensification of treatment or differences in doses, | was able to account for
differences in the observed covariates and | used robust analytical techniques to control
confounding that may bias the results of the estimated treatment effects. Nonetheless, the issue
of unmeasured confounding does persist, e.g. the relationship between severity of risk factors
and clinical outcomes or differences in the time varying relationship for each risk factor with
individual outcomes. Lastly, differences in the time window for HbAlc collection, largely
necessitated by yearly Quality and Outcome Framework (QOF) recording by GP practices,
may introduce bias for survival analysis. | therefore conducted sensitivity analyses using three

different methods for HbAlc data analysis and found the findings to be similar.

Recent local and international guidelines have emphasised the importance of individualised
HbAlc targets to consider patient factors such as age, body mass index, comorbidities or
duration of diabetes. This is particularly relevant when determining the safety profile of insulin

treatment in elderly patients.

7.7. Conclusion

This data support a strong U-shaped association between HbAlc and mortality with minimum
safe and high HbAlc values identified to reduce the risks of mortality in this high risk group
of patients in routine care. The observational data presented here therefore provide important
guidance to the management of the rapidly growing number of older patients with type 2

diabetes who require insulin therapy to manage their hyperglycaemia and symptoms.
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Chapter Eight: Effects of Background Statin Therapy on Glycaemic

Response and Cardiovascular Events

8.1. Summary

Aim
Statins may increase the risk of new-onset diabetes and adversely affect glycaemic control, but
their effects on the glycaemic response and mortality outcomes following commencement of

insulin therapy in patients with Type 2 Diabetes (T2D) are unclear.

Methods

A retrospective cohort study was conducted in 12,725 insulin initiators with T2D using The
Health Improvement Network (THIN) UK database. Changes in HbAlc at 6, 12, 24 and 36
months, and the 5-year risk of mortality and (3-point) major adverse cardiovascular events
(MACE), were compared between prior users (n=10,682) and non-users (n=2,043) of statin
therapy who were newly commenced on insulin treatment. Cox proportional hazard models

were used to estimate the hazard ratios of the different outcomes.

Results

Mean age of the cohort was 58.7+14.0 years (51% male) and mean baseline HbAlc was
8.7+1.8%. A greater initial reduction in HbAlc was observed following insulin initiation in
the non-users of statins compared with the users, which was significant in the short term (-
0.34% vs -0.26% at 6 months; mean diff = -0.09%, p=0.004) but not in the long term: -0.31%

vs -0.35% at 3 yrs (mean diff = 0.05%, p=0.344). CV events (3-point MACE) were 878 vs 217
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in statin users vs non-users (20.7 vs 30.9 per 1000 person-yrs; adjusted Hazard Ratio (aHR)
1.36 (95%CI: 1.15-1.62; p<0.0001). In a subgroup analysis of individual statins, HbAlc was
higher throughout the study duration with all statins relative to non-users of statin therapy (p <
0.05). The aHRs for 3-point MACE for atorvastatin, simvastatin, rosuvastatin and pravastatin
were 0.82 (95%Cl: 0.68-0.98), 0.67 (0.55-0.82), 0.56 (0.39-0.81) and 0.78 (0.60-1.01),

respectively.

Conclusion
Following initiation of insulin therapy in patients with T2D in routine care, concurrent use of
a statin was associated with less good (clinically non-relevant) glycaemic control in the short-

term but a much lower risk of major adverse CV events.

8.2. Introduction

Evidence from randomized controlled trials shows that statin therapy reduces the risk of fatal
and nonfatal cardiovascular (CV) events in patients with T2D?%-3% Thus, clinical guidelines
advocate their routine use in all patients with diabetes aged 40-75 years, and in younger patients

with high CV risk.30% 302

Various studies have shown that statins may also have modest adverse effects on glucose and
insulin metabolism, e.g. increasing the risk of new-onset diabetes, especially in higher doses
and with the more potent statins,*": % 303305 pyt the relationship between statin use and
glycaemic control in patients with established T2D is much less clear. Previous studies have
reported an increase in HbA1c3% 397 while others have reported either no effect or a reduction
in glucose levels.3%® 39 A meta-analysis of 9 randomized controlled trials (RCTs) involving

9,696 participants reported that glycaemic control was adversely affected among those patients

228



Chapter 8: Use of Statins vs glycaemic control and adverse CV outcomes

randomized to a statin compared with placebo, and that statin treatment also increased HbAlc
in those patients with established T2D.%1° None of these studies, however, has specifically
focused on T2D patients who are commencing insulin therapy, nor have they excluded the
possibility of bias due to differential attrition rates and/or differential adjustment of other

glucose-lowering therapies (GLTs) between the statin and control groups.?

More information is certainly needed about the associations between statin use, glycaemic
control and CV risk specifically in the insulin-treated T2D population, because these patients
tend to have more complications, higher absolute CV risk and a longer duration of diabetes.
Commencing insulin can also affect lipid levels and overall CV risk.*>* Thus, in routine
practice some of the well-recognised clinical inertia may be due to uncertainty about the
optimal timing and the overall risk-benefit balance of insulin initiation in these patients. For
example, it was reported that primary prevention with statins was initiated in less than half of
diabetic patients after a first MI, despite the presence of one or more markers of very high
cardiovascular risk in nearly all.3** Therefore, the aim of this large cohort study was to
investigate the effects of background statin use on glycaemic control and CV outcomes
following commencement of insulin therapy in patients with T2D in a routine primary care

setting.

8.3. Methods

8.3.1. Study Design:
This was a retrospective cohort study using a UK primary care database. This has been

described fully in Chapter 2.
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8.3.2. The Health Improvement Network (THIN) Database

THIN is a large UK electronic Primary Care database with longitudinal records obtained from

approximately 587 General Practices. This has been described in Chapter 2.

8.3.3. Study Participants

| obtained data on 12,725 people in the THIN database who had a diagnosis of T2D, were >18
years of age and who initiated insulin therapy between December 2006 and May 2014. Patients
with type 1 or gestational diabetes, or other forms of diabetes, and those with no continuous
regular prescriptions for insulin in their records were excluded. For analysis of our secondary
objective, | excluded patients with a history of CV disease before or 180 days after initiating

insulin.

8.3.4. Follow-up and Endpoints

| followed-up all insulin-initiators from the point they commenced statin treatment and
compared them with those who did not commence statins until the first incident of any of the
secondary outcomes: 3-point Major Adverse Cardiovascular Events (MACE: all-cause
mortality or non-fatal myocardial infarction or stroke); loss to follow-up; discontinuation of
insulin and/or statin therapy; or at the end of the 5-year follow-up period. Similarly, their
baseline HbAlc, body weight and blood pressure were measured at baseline and at different

time points after starting insulin (6, 12, 24 and 36 months).

The primary endpoints were glycaemic control (measured by change in HbA1c), changes in
body weight, systolic blood pressure (SBP) and diastolic blood pressure (DBP) from baseline
to 6, 12, 24 and 36 months after commencement of insulin treatment. These differences were
computed and compared between the two treatment groups (statin users versus non-users). The
secondary endpoint was the time to the risk of a 3-point MACE.
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8.3.5. Baseline and endpoint characteristics

To adjust for the confounding effects some differences in baseline characteristics may have on
the study outcomes, | extracted data on important clinical covariates. These included
demographic variables such as age, gender, socioeconomic status, alcohol and smoking status;
important clinical measures such as body weight, height, SBP and DBP; biochemical
parameters, e.g. baseline HbAlc, serum creatinine, lipid-profile, use of other medications
including other glucose-lowering therapies (GLTs); as well as comorbidity status, duration of
diabetes treatment, and duration of insulin use. These were included in our univariate analysis
models from which the significant covariates (those which had a significant association with

both the exposure and outcomes) were added to the final Cox and linear regression models.

8.3.6. Statistical Analysis
| computed summary data for the mean, standard deviations and proportions of the baseline
characteristics and used Pearson’s chi-square test and t-test to determine the differences

between the treatment groups at baseline.

For the missing values in HbAlc, weight, SBP and DBP at baseline and all the study time
points, | observed that a small proportion of values for these covariates were completely
missing at random. These missing values were then computed using multiple imputations using
the chained equation (MICE) model. Thereafter, linear regression models were used to
compute the mean differences between baseline HbAlc, weight, SBP and DBP and the 6, 12,
24 and 36-month measurements respectively while adjusting for significant baseline

covariates.
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For the secondary endpoints of MACE, | used a Cox proportional hazard model to estimate the
marginal and adjusted hazard ratios (HRs) with 95% confidence intervals, comparing the
outcomes in the statin treated group to the non-user group. Furthermore, the crude and adjusted
Kaplan—Meier estimates of survival functions between the two treatment groups were
computed and the log-rank test was used to compare the equality of the survival curves between
them. The absolute reduction in the probability of the incidence of MACE within the 5-year
follow-up was computed from these survival functions.

Finally, | tested for any violation of the proportional hazard assumption of the Cox regression
model, first by adding an interaction term of the predictor; secondly by log-minus-log survival

curves; and thirdly by Schoenfeld residuals tests.

Subgroup Analysis: | also performed a subgroup analysis to explore the individual statins
(atorvastatin, simvastatin, rosuvastatin and pravastatin) identified in the database. The primary
and secondary endpoints were determined in these individual statin groups compared to the

non-statin user group.

In all the analyses, | computed the point estimates with 95% confidence intervals (ClI) at the
conventional statistical significance level of 0.05. All analyses were conducted using Stata

Software, version 14.

8.4. Results

8.4.1. Patient Characteristics, Cases and Total Follow up
A total of 12,725 new insulin users with T2D (mean age 58.6+14 yrs) were selected (Figure

8.1). Among these 83.9% were statin users. Mean follow up was 3.9+1.5 yrs, which represents
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a total follow-up of 49,516 person-years. Table 8.1 shows the baseline characteristics of the
treatment groups. Non-users of statins were significantly younger, more likely to be female and
had a significantly shorter duration of diabetes and insulin use. Baseline HbAlc, body weight

and DBP were similar in the two groups (Table 1). SBP was higher in the statin users.

19,808 patients identified in the
THIN|Dataset

993 excluded
| v Typel diabetes (200}
"l & No records of insufin {93)

¥

18,815 patients 588 excluded
remaining » » Norecord of diagnosis of
Type 2 digbetes seen

k

18,227 patients

5,502 axcluded
o * Onsetof CVevents before
initigtion of insulin

)

12,725 patients

10,632 patients on statins ‘ 2,043 patients not on statins
Statin Group No Statin Group

Figure 8.1: Selection of study participants

8.4.2. Primary Endpoints: Metabolic Outcomes

(). Association between prior statin use and glycaemic response: Glycaemic response was
defined by the changes from baseline in HbAlc at 6, 12, 24 and 36 months after initiating
insulin therapy. Figures 8.2A and 8.2B show the mean reductions in HbAlc and the mean
HbA1c levels, respectively, at each of these time points. Both treatment groups (statin users
and non-users) showed a significant reduction in HbAlc throughout the duration of the study

(Figure 8.2B) but insulin therapy resulted in a greater reduction in HbAlc among non-users of
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statins (Figure 8.2A). This was significant at 6 months with mean reductions of -0.26% vs -
0.34% (mean diff: 0.09%; 95%CI: 0.03 — 0.15; p = 0.004) in the statin user vs non-user groups
respectively, but not at 36 months (corresponding mean reductions of -0.31% vs -0.35%; mean
diff: 0.05%; 95%CIl: -0.04 — 0.14; p = 0.172); though this does not appear to be clinically

relevant.
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Table 8.1: Baseline characteristics of study participants

Statin use None Total |
(n = 10,682) (n = 2,043) (n=12,725) p-value
Demographics
Age (yrs). Mean (SD) 59.4 (12.7) 54.3 (18.2) 58.6 (13.8) <0.001
Gender. No. (%)
Female 5258 (49) 1122 (55) 6380 (50) <0.001
Smoking Status. No (%)
Non-smoker 5549 (52) 1137 (56) 6686 (52)
Ex-smoker 3634 (34) 543 (27) 4177 (33) <0.001
Current 1499 (14) 363 (18) 1862 (15)
Alcohol Status. No (%)
Never 3431 (32) 614 (30) 4045 (32)
Ex-drinker 1133 (11) 320 (16) 1453 (11) <0.001
Current 6118 (57) 1109 (54) 7227 (57)
Deprivation. No (%)
Least deprived 2151 (21) 403 (21) 2554 (20)
Second quintile 2089 (20) 382 (20) 2471 (19)
Third quintile 2255 (22) 422 (22) 2677 (21) 0.631
Fourth quintile 2171 (21) 399 (21) 2570 (20)
Most deprived 1591 (16) 327 (17) 1918 (15)
Clinical Parameters. Mean (SD)
HbAlc (%) 8.7 (1.8) 8.7 (2.0) 8.7 (1.8) 0.556
BMI (kg/m?) 32.7 (6.9) 32.8(7.2) 32.7 (6.9) 0.252
Diabetes duration* (yrs) 4.0 (4.9) 2.5(4.3) 3.8(4.9) <0.001
Time on insulin (yrs) 3.7 (6.3) 2.3 (6.0) 3.5(6.3) <0.001
Height (m) 1.7 (0.1) 1.7 (0.1) 1.7 (0.1) 0.860
Weight (kg) 91.4 (18.8) 91.9 (19.1) 91.5 (18.8) 0.268
DBP (mmHg) 76.5(10.8) 76.9 (11.1) 76.6 (10.9) 0.129
SBP (mmHg) 136.4 (23.0) 134.6 (23.4) 136.1 (23.1) 0.002
Albumin (g/L) 4.1(0.4) 4.0 (0.4) 4.1(0.4) 0.002
ACR (mg/mol) 5.7 (8.4) 5.2 (8.5) 5.6 (8.5) 0.014
eGFR (mls/min/1.73m?) 64.6 (21.0) 68.0 (22.0) 65.1 (21.2) <0.001
TC. (mmol/L) 4.6 (1.3) 4.7 (1.4) 4.6 (1.3) <0.001
Triglyceride (mmol/L) 2.0(1.2) 2.0(1.2) 2.0(1.2) 0.072
LDL (mmol/L) 2.4 (1.1) 2.5(1.1) 2.4 (1.1) <0.001
HDL (mmol/L) 1.3(0.5) 1.3 (0.5) 1.3(0.5) 0.225
BMI Categories, No. (%)
Normal 1371 (13) 294 (14) 1665 (13)
Overweight 2533 (24) 489 (24) 3022 (24) 0.131
Obese 6778 (63) 1260 (62) 8038 (63)
Use of Medications, No. (%)
Aspirin 10481 (95) 1541 (94) 12022 (94) 0.723
Antihypertensives 9321 (87) 1217 (91) 10538 (83) <0.001
GLTs** No (%)
Dual Therapy 2334 (22) 904 (44) 3238 (28)
Triple Therapy 3400 (33) 609 (30) 4009 (33) <0.001
More than Triple Therapy 4948 (45) 669 (26) 5478 (39)
Comorbidities, No. (%)
Hypoglycaemia 1824 (17) 313 (15) 2137 (17) 0.052
Heart Failure 641 (6) 72 (4) 713 (6) <0.001
PAD 756 (7) 67 (3) 823 (7) <0.001
CHD 1390 (13) 75 (4) 1465 (12) <0.001

BMI (body mass index); SBP (systolic blood pressure); DBP (diastolic blood pressure); HbAlc (haemoglobin Alc); HDL (high-density lipoprotein);
LDL (low-density lipoprotein); TC (total cholesterol); GFR (glomerular filtration rate); LLT (lipid lowering therapy); PAD (peripheral arterial
disease); CHD (coronary heart disease); ACR (albumin creatinine ratio); SD (standard deviation).

*Diabetes duration is time from first diagnosis of diabetes to date of insulin initiation

**GLTs (Glucose Lowering Therapies) denote the number of GLTs ever recorded for patients within the study duration and not the current regimen
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Figure 8.2: Mean differences in changes in HbAlc levels between the treatment groups
(A) and the mean HbA1c levels in both treatment groups (B) (p <0.05 from baseline for
the study duration).
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(i1). Relationship between statin use and other clinical measurements: There were increases
in body weight following insulin initiation but no significant differences between the 2 groups
from 6-24 months (Figure 8.3). At 36 months, however, statin users showed a small reduction
in weight of 0.18kg (p = 0.031) versus an increase of 0.26kg (p = 0.405) in the non-statin group

(mean diff = -0.54kg, 95%CI: -0.35 — 0.88; p =0.099).

W Statins H None A

M Statins H None B

03 7 036 0.27 0.26

E-Od Prilessu reémm HE)
n = tn =]

i
P
M

ge |h|LS'.r§tollc. Bl
tn

0.1 4

Mean change in Weight (Kg)

i
(%)
M

Meaan chan

0.2 - i 3.5
R
md =-0.54; p = 0.059
6 months 12 months 24 months 36 months Sl I monthe; ¥ vorrth 36:months
B Statins H None C 02

[=]
1

0.15

(%))
1

01

-
L

un
1

0.05

P
1

md = -0.56
p=0.096

Mean change in HbA1c (%) by statin subtypes

Mean change in Diagiolic Blood Pressyre (mmHg)
e ] F ; £

6 months 12 months 24 months 36 months

6 months 12 months 24 months 36 months B Atorvastatin B Simvastatin | ORosuvastatin - O Pravastatin

Figure 8.3: Mean change and differences in weight (A), Systolic Blood Pressure (B) and
Diastolic Blood Pressure (C) between the two treatment groups. Mean changes in HbAlc
in the different types of statins, compared to non-statin users (D). P value for all is < 0.05
SBP decreased in both treatment groups throughout the study, but more so in non-users of

statins (Figure 8.3) with a significant difference at 6 months (-1.27 vs -1.86 mmHg; p = 0.004)

and 12 months (-1.5 vs -2.3mmHg; p = 0.021). These differences were not maintained at 24
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months (-1.6 vs -2.4mmHg; p = 0.787) and 36 months (-2.4 vs -3.1mmHg; p = 0.344). There
was also a significant reduction in DBP in both treatment groups. Throughout the study, DBP
was non-significantly lower among statin users compared to non-users. For example, the
respective changes in DBP ranged from 0.74 vs 0.59mmHg at 6 months to 2.0 vs 1.44mmHg

at 36 months (Figure 8.3).

8.4.3. Secondary Endpoints: Risk of Major Adverse Cardiovascular Events

(). Crude Event Rates: The probability of survival for the 3-point composite outcome of all-
cause mortality, non-fatal M1 and stroke was significantly different between the both groups at
1-year (98.8% vs 99.2%) and 5-years (89.9% vs 84.7%) of follow-up (log-rank test p-value <
0.0001) (Figure 8.4A). A total of 1,095 (878 vs 217) composite events were reported with a
crude event rate of 22.1 (20.7 vs 30.9) per 1,000 person-years (95%CI: 20.8 — 23.5) (Table 1).
Table 2 shows a summary of the events for each of the individual MACE components with the

absolute event rates.

Unadjusted Kaplan-Meier estimates for composite events for statin use

1

Statin
None

0 1 2 3 4 D)
Years of Follow-up

Estimated Probability of Survival
0.70 0.75 0.80 0.85 090 095 1.00
1

No at risk (failure)
Statin 10682 (124) 10069 (226) 8908 (182) 7953 (176) 7050 (170) 6212
None 2043 (15) 1869 (75) 1495 (50) 1228 (46) 998 (31) 850

Figure 8.4: Kaplan-Meier curves showing the 5-year probability of survival for the 3-
point composite MACE between the Statin vs No-Statin groups (Log-rank test p-value <
0.0001)
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(i1). Risk of 3-point Composite of MACE: The risk of a MACE in the unadjusted model was
53% (aHR: 1.53; 95%CIl: 1.32 - 1.77) higher among non-users compared to statin users. This
was reduced slightly to 36% (HR: 1.36; 95%CI: 1.15 — 1.62) when | adjusted for age, gender,
duration of insulin use, albumin, glomerular filtration rate, lipid profile, and coronary heart
disease history. A similarly higher risk (89%) was observed for all-cause mortality (aHR: 1.89;
95%Cl: 1.51 — 2.37) among non-users of statins compared to statin users, but an opposite trend
was observed for non-fatal MI and stroke: non-users of statins had a 12% lower risk of Ml
(aHR: 0.88, 95%CI: 0.35 — 2.23) and a 45% lower risk of stroke (HR: 0.55; 95%CI: 0.38 —

0.81) (Table 8.2).

Table 8.2: Events, Crude Incidence Rates and Hazard Ratios of Events in the Two
Treatment groups

Statin use None
(N =10,682) (N =2,043)
Composite Outcome?
No of events/person-years 878/42,484 217/7,032
Absolute rates® (95%CI) 20.7 (19.3-22.1) 30.9 (27.0 - 35.3)
HR°® (95%Cl) 1 (reference) 153 (1.32-1.77)
aHR? (95%Cl) 1 (reference) 1.36 (1.15 - 1.62)
All-Cause Mortality
No of events/person-years 415/43,503 177/7,098
Absolute rates (95%CI) 9.5(8.7-10.5) 24.9 (21.5-28.9)
HR (95%Cl) 1 (reference) 2.61(2.19-3.12)
aHR (95%Cl) 1 (reference) 1.89 (1.51 -2.37)
Acute Myocardial Infarction (AMI)
No of events/person-years 60/43,377 5/7,094
Absolute rates (95%Cl) 1.4 (1.1-1.8) 0.7(0.3-1.7)
HR (95%Cl) 1 (reference) 0.50 (0.20 — 1.25)
aHR (95%Cl) 1 (reference) 0.88 (0.35-2.23)
Non-fatal Stroke
No of events/person-years 401/42,643 34/7,051
Absolute rates (95%CI) 9.4 (8.5-10.4) 4.8 (3.4-6.7)
HR (95%Cl) 1 (reference) 0.51 (0.36 — 0.72)
aHR (95%Cl) 1 (reference) 0.55 (0.38 - 0.81)

@ Composite outcome is a three-point MACE including all-cause mortality, non-fatal acute myocardial
infarction (AMI) and non-fatal stroke.

b Absolute Rate at 1000 person-years

¢ HR (Unadjusted Hazard Ratio)

daHR (Adjusted Hazard Ratio). Adjusted for age, gender, duration of insulin use, albumin, glomerular
filtration rate, lipid profile, and coronary heart disease.
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8.4.4. Subgroup and Sensitivity Analyses

Compared to non-users of statins, all of the individual statins showed higher HbA1lc levels
throughout the study (Figure 8.3). The number of events for the 3-point composite of MACE
was 398, 342, 41 and 461 among patients on atorvastatin, simvastatin, rosuvastatin and
pravastatin respectively. The 5-year probability of survival differed significantly between the
various statins (Log-rank test p-value < 0.0001). Below, Table 8.3 shows a summary of these
events, event rates and hazard ratios for the 3-point MACE composite and the individual
components. When compared to non-statin users, the risk of the composite MACE was 18%
lower (aHR: 0.82; 9%CI: 0.68 — 0.98) among atorvastatin users, 33% lower (aHR: 0.67; 9%ClI:
0.55 — 0.82) among simvastatin users, 44% lower (aHR: 0.56; 9%CI: 0.39 — 0.81) among

rosuvastatin users and 22% lower (aHR: 0.78; 9%CI: 0.60 — 1.01) among pravastatin users.

Finally, to test the adequacy of our multiple imputation approach in addressing the impact of
some missing data in our dataset, |1 conducted a sensitivity analysis wherein the primary
endpoints in the imputed dataset were compared with the dataset with missing values and found
to be similar, thereby affirming the robustness of the imputation method employed. The
proportional hazards assumption was examined by comparing the cumulative hazard plots

grouped on exposure; no violations were observed.
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Table 8.3: Events, Crude Incidence Rates and Hazard Ratios of Events by Statin types

None Atorvastatin Simvastatin Rosuvastatin Pravastatin
(N = 2,043) (N = 4,415) (N = 4,462) (N =713) (N =1,092)
Composite Outcome?
No of events/person-years 217/7,032 398/16,840 342/18,287 41/2,894 97/4,461

Absolute rates® (95%CI)
HR® (95%CI)
aHR? (95%Cl)

All-Cause Mortality
No of events/person-years
Absolute rates (95%Cl)
HR (95%Cl)
aHR (95%Cl)

Acute Myocardial Infarction (AMI)
No of events/person-years
Absolute rates (95%Cl)

HR (95%Cl)
aHR (95%Cl)

Non-fatal Stroke
No of events/person-years
Absolute rates (95%Cl)
HR (95%CI)
aHR (95%Cl)

30.9 (27.0 - 35.3)

1(Reference)
1 (Reference)

177/7,098

24.9 (215 - 28.9)

1(Reference)
1 (Reference)

5/7,094
0.7 (0.3-1.7)
1(Reference)
1 (Reference)

34/7,051
4.8 (3.4-6.7)
1(Reference)
1 (Reference)

23.6 (21.4 - 26.1)
0.75 (0.64 — 0.89)
0.82 (0.68 — 0.98)

203/17,229
11.8 (10.3 - 13.5)
0.45 (0.37 — 0.55)
0.61 (0.48 — 0.78)

26/17,168
15(1.0-22)
2.17 (0.83 — 5.65)
1.42 (0.53 — 3.78)

168/16,919
9.9 (8.5 11.6)
2.07 (1.43 — 2.99)
1.82 (1.22 - 2.72)

18.7 (16.8 — 20.8)
0.59 (0.50 — 0.70)
0.67 (0.55 — 0.82)

162/18,710
8.7 (7.4-10.1)
0.32 (0.26 — 0.40)
0.49 (0.38 — 0.64)

21/18,670
1.1(0.7-1.7)
1.62 (0.61 — 4.30)
0.88 (0.32 — 2.40)

158/18,337
8.6 (7.4 10.1)
1.80 (1.24 - 2.61)
1.67 (1.11 - 2.51)

14.2 (10.4 - 19.2)
0.45 (0.32 — 0.62)
0.56 (0.39 — 0.81)

17/2,947

5.8 (3.6-9.3)
0.22 (0.13 - 0.36)
0.39 (0.22 - 0.67)

2/2,948
07(02-2.7)
0.98 (0.19 - 5.03)
0.63 (0.12 - 3.33)

22/2,896
7.6 (5.0 11.5)
159 (0.93 - 2.72)
1.64 (0.91 - 2.94)

21.7 (17.8 - 26.5)
0.68 (0.54 — 0.87)
0.78 (0.60 — 1.01)

33/4,616
7.1(5.1-10.1)
0.27 (0.19 — 0.39)
0.39 (0.26 — 0.60)

11/4,590
2.4 (1.3-43)
3.45 (1.20 — 9.94)
1.61 (0.54 — 3.78)

53/4,489
11.8 (9.0 - 15.5)
2.47 (1.61 — 3.80)
2.42 (1.52 — 3.84)

aComposite outcome is a three-point MACE including all-cause mortality, non-fatal acute myocardial infarction (AMI) and non-fatal stroke.

b Absolute Rate at 1000 person-years
¢ HR (Unadjusted Hazard Ratio)

daHR (Adjusted Hazard Ratio). Adjusted for age, gender, duration of insulin use, albumin, glomerular filtration rate, lipid profile, and coronary heart disease.
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8.5. Discussion

Although statins are well recognised to confer cardio-protective benefits,283% there is
increasing evidence of a link between statin use and new-onset diabetes.%> 303 304 312 The
cardiovascular benefits usually outweigh the risk of developing insulin resistance.®!* More
recently, systematic reviews of randomised trials and observational studies have shown a
modest adverse effect of statin therapy on glycaemic control (specifically HbA1c).2%=3% |n a
meta-analysis of 9 randomised trials involving 9,696 participants with a mean follow-up of 3.6
years, the average HbAlc of those randomised to statin treatment was 0.12% (95% CI 0.04,
0.20) higher compared with those randomised to placebo.®!° There was also some heterogeneity
of effect among the different statins.®'® However, this small effect on HbAlc may be an
underestimate of the true effect of statins on glycaemic control in everyday practice because of
the selective nature of patients included in RCTs, who are likely to be more compliant and
motivated, and there may be bias in the data due to an unbalanced need to adjust GLTs between
the statin and control groups. Thus, caution is needed in the extrapolation of RCT-derived
estimates of clinical outcomes when formulating guidelines for routine clinical practice. For
example, in a large observational cohort study the differences in HbAlc between statin users

and non-users was much greater than that previously reported from RCTs.314

Clinical Implication

Previous observational studies and RCTs have not reported the effects of concomitant statin
use on HbAlc or CV outcomes among those patients who are often at highest risk with
established T2D and who are newly started on insulin therapy.®** 3% This is an important and
growing sub-population as primary care clinicians are challenged to up-titrate medication, seek
better control of diabetes symptoms and HbAlc, and to judge the overall risks and benefits, the

alternatives and the optimal timing of commencement of insulin therapy. Given that insulin-
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initiated patients with T2D are likely to be more complex, have longer disease duration and a
much higher risk of CV disease, the present study provides important new information about
the effects of background statin therapy on metabolic and CV outcomes in the first 5 years after
starting insulin.

Several conclusions can be derived from this large cohort study. Firstly, despite significant
reductions in HbAlc in both groups following commencement of insulin therapy, non-users of
statins achieved better (but non-clinically relevant) HbAlc lowering compared with statin
users. There were no differences in insulin-induced weight gain between the two groups but
systolic BP was also lower in the non-statin users. It is notable in the present study that patients
receiving statins were older, and had longer duration of diabetes and insulin treatment
compared to non-users. However, the lower HbAlc reduction among statin users persisted even

after adjusting for multiple confounders.

Secondly, compared with non-users, all of the individual statins were associated with worse
HbAlc outcomes. This contrasts with previous RCTs which have suggested differential
adverse effects on glycaemic control among the different statins.®’3° However, in a real-
world cohort study of insulin-treated patients, any differential effect of different statins on

glycaemic control may have been offset by differences in insulin dose adjustment.

Despite achieving less of a reduction in HbAlc, statin users had a significantly higher
probability of survival for the 3-point composite MACE outcome (all-cause mortality, non-
fatal M1 and stroke) but this finding was not replicated when considering the individual risks
of non-fatal MI or stroke. In this regard, it is worth noting that from RCTs the reduction in CV
events is linearly related to LDL-cholesterol (LDL-C) reduction, especially in the first year of

treatment, but observational studies comparing different statins in routine clinical practice have
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reported inconsistent outcomes depending upon the endpoints examined and the methods
used.?6318 Thus, discordance between RCT and observational data on statins is not unusual,
but in this study the overall ‘real life effect’ of statins on MACE and all-cause mortality
reduction seems to be consistent with the established evidence from statin trials. However, in
a similar real clinical setting, unlike our in our study, moderate-intensity statin treatment was
found to be ineffective in cardiovascular primary prevention for patients with diabetic
nephropathy.3!® This can be explained by the differences between these two populations,
nonetheless, it provides a good insight as the mean eGFR of our population was

66mls/min/1.73m2.

Possible underlying mechanisms

Several mechanisms have been proposed to explain how statins may worsen dysglycaemia: (1)
impaired pancreatic B-cell secretion of insulin due to direct and indirect effects on calcium
channels; (2) reduced insulin-mediated glucose uptake, especially in skeletal muscle, due to
impaired expression and/or translocation of GLUT4 transporters from the cytosol to the plasma
membrane; and (3) exacerbation of insulin resistance in muscle, liver and adipose tissues via
multiple effects on insulin signal transduction, e.g. depletion of coenzyme Q10, inhibition of
phosphorylation events downstream of the insulin receptor and inhibition of adipocyte
differentiation.®° In addition, statins have varying degrees of lipophilicity. The lipophilic
statins diffuse passively through the hepatocellular membrane to inhibit HMG-CoA reductase
in the liver but they can also diffuse passively and easily into extrahepatic tissues whereas the
hydrophilic statins require carrier-mediated transport to enter cells. This may explain some of
the observations of a higher incidence of new-onset diabetes with the lipophilic statins, e.g.
simvastatin and atorvastatin, via effects on peripheral insulin sensitivity.3?* Similarly, a 6-year

follow up study of the METSIM cohort showed that statin treatment increases the risk of type
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2 diabetes by 46%, attributable to decreases in insulin sensitivity and insulin secretion,3?2 while
simvastatin may induce insulin resistance through a novel fatty acid mediated cholesterol

independent mechanism. 3?3

8.6. Strength and Limitations

Our analyses are subject to a number of limitations including allocation bias and residual
confounders. This includes possible differences in compliance, indications for intensification
of treatments, markers of B-cell deterioration, frequency of hypoglycaemia and some lifestyle
and dietary factors which could influence our findings. Although I could not exclude the
possibility of residual confounders, | were able to account for differences in the observed
covariates and used robust analytical techniques to control for any confounding factors that

may bias the results of the estimated treatment effects.

Our data were derived from a large UK database and therefore cannot be generalised to other
ethnic groups. | was also unable to obtain longitudinal data on insulin doses, which are
important in assessing insulin-induced weight gain,?*® which in turn could potentially influence

glycaemic and CV outcomes.

On the other hand, a real strength of this study is the relatively large number of patients, the
availability of, and adjustment for, a large number of known confounders, and the routine
systematic nature of data collection in THIN which reflects real world practice and outcomes.
| have also focused this study on an important patient population, which has not been

previously studied.
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8.7. Conclusion:

In summary, in a large cohort of T2D patients who are newly started on insulin therapy, and
who reflect a real-world population in routine clinical practice, |1 have confirmed the major
benefits of statin use in reducing CV risk and mortality. | have also quantified, for the first
time, the modest adverse effects of background statin use on the HbAlc outcomes following
insulin initiation. In this high-risk population, the benefits of statins on CV outcomes outweigh

the small adverse metabolic effects on glycaemic control.
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Chapter Nine: Comparison of the demographics, insulin use and clinical
outcomes of insulin users with Type 2 diabetes in the Erewash (Integrated)

Diabetes Service with the UK population

9.1. Summary

Background

Insulin treated patients with Type 2 Diabetes require specialist multidisciplinary input to
achieve treatment targets. | compared the demographics; achievement of combined NICE
targets for HbAlc (<7.5%), blood pressure (<140/80) and total cholesterol (<4mmol/L); and
insulin use between patients from a local Integrated Diabetes Service with a representative UK

population

Methods
Cross-sectional evaluation of individual patient data from six randomly selected primary Care
practices in Erewash Integrated Diabetes service were compared with The Health Improvement

Network (THIN), UK primary care database.

Results
Baseline age (61.5years vs 65.8 years; p <0.0001 and duration of insulin (4.3 vs 6.3 years,
P<0.0001) use was lower in the THIN population. Mean HbA1c was similar between the two

cohorts but weight, blood pressure, total and LDL cholesterol were significantly lower in the
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Erewash population compared with THIN. The combined achievement of HbAlc, total
cholesterol and blood pressure was 17.5% in the Erewash cohort compared with 9.6% in the
UK THIN cohort (p<0.0001). There was a higher proportion of insulin users on basal-bolus
than premix in the Erewash cohort (89.3% vs 10.7%) compared with THIN (59.0% vs 41.1%).
Proportion of patients who received concurrent oral glucose lowering therapies in the Erewash
integrated service was lower, except for SGLT2-inhibitor, (2.5% in the Erewash vs 0.5% in the

THIN; p<0.0001).

Conclusion
This model of integrated diabetes service appears to confer better clinical outcomes compared
with the UK population. Further studies are required to investigate impact of this service model

on health economic, patients’ pathway and patient experience.

9.2. Introduction

In view of the significant vascular benefits of tight glucose control in patients with type 2
diabetes (T2DM),?2 consensus guidelines have recommended aggressive treatment escalations,
including the earlier use of insulin therapy in patients with T2DM to achieve optimal Hbaic
target,®* an important Quality and Outcomes Framework (QOF) target for general
practitioners.®?® The management of insulin treatment however is complex. Local preferences
of healthcare providers and guidelines of Clinical Commissioning Groups (CCGs) play an
important role in determining patients’ care package which includes advice on lifestyle
modification, compliance, choice of insulin therapies and regimens, as well as education on

self-titration of insulin dose.
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Due to the rising cost and prevalence of diabetes,3? the responsibility for providing care for
most patients with diabetes has fallen to primary care. However, in many areas, the
infrastructure to deliver an effective care is inadequate due to a variety of factors, including the
lack of coordination between primary and secondary care. The Erewash Diabetes Service
(EDS) in Derbyshire provides a novel set up of diabetes care which integrates delivery of its
services across both primary and secondary care derived from experiences from two Southern
Derbyshire Integrated service models - First Diabetes and Intercare Health®?” and built on a
strong consensus among policy-makers and patient groups on the importance of improving
integrated care in the NHS.32® 32 This service model brings primary and secondary care
together in a clinical, financial, and legal not-for-profit company, using programme budgeting,
shared electronic clinical records and integrated clinical governance to deliver clinical care to
patients throughout their clinical journey and has received local and national recognition.330-3%2
Clinical demographic data and clinical outcome among insulin treated patients with T2DM

within this model however is not available.

Therefore, this study was aimed at identifying individual information of insulin users with
T2DM, who received medical care in Erewash, with a view of characterising their demographic
profile, insulin regimen, and cross sectional clinical outcomes parameters (as HbAlc, weight
and lipid profile), compared with the UK national data, with a view of identifying local

differences for audit and improved clinical practice in our area.
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9.3. Methods

9.3.1. Study Population and Design

Based on the latest National Cardiovascular Intelligence Network figures, the 2015 prevalence
of diabetes in the Erewash region is 8.4%, which is higher than the national prevalence of
6.55%. According to the 2015 Director of Public Health Annual Report for Derbyshire, 68.8%
of adults in Derbyshire are classed as overweight or obese. This is higher than the East

Midlands regional figures at 66.7% and the national figures for England at 64.7%.

A comparative cross-sectional study was conducted among people with T2D on insulin
therapy, using local data obtained of patient population from 6 randomly selected Primary Care
practices in Erewash, Derbyshire CCGs. This was compared with a cross-section of the UK
national UK Primary Care data via The Health Improvement Network (THIN) database which
has been described in Chapter 2. | selected only patients with insulin-treated T2D as this is the
most challenging group of patients with T2D, many of which require specialist
multidisciplinary input and would best highlight the clinical effectiveness of a given model of

a specialised diabetes service.

Six Primary Care centres were randomly from the 12 centres in the Erewash CCGs. Data from
the centres were extracted via PRIMIS audit tool.3* In both this and the THIN dataset
population groups, | obtained data on all adult T2D insulin users, aged 18 and above, who
initiated insulin therapy between January 2007 and 2014 in spite of previous or concurrent use
of other glucose-lowering therapies (GLTs). Where similar patient identifiers were discovered

in both populations, such patients were excluded.

250



Chapter 9: Insulin users - UK Population (THIN) vs Derbyshire

9.3.2. Exposure and Outcome

The main exposure was the use of insulin while the outcome was to compare demographic and
clinical parameters among insulin-users, between the local Erewash Integrated service data and

the UK national (THIN data).

9.3.3. Covariates

Baseline demographic parameters as age, sex; clinical measures as body weight, body mass
index (BMI) and blood pressure (systolic and diastolic); biochemical parameters as baseline
HbA1c, creatinine level, total cholesterol levels, low-density lipoprotein (LDL), high-density
lipoprotein (HDL) and triglycerides; as well as diabetes profile as the duration of diabetes,
duration of insulin use; insulin regimen and the duration of treatment of diabetes were extracted

and compared between these population groups.

9.3.4. Statistical Analyses:

Descriptive statistical analysis was done to obtain the mean and frequency distribution of the
baseline demographics in both population groups. Pearson’s Chi-squared tests and independent
student t-test were used to summarise and compare the categorical and continuous baseline

variables respectively between the population groups.

9.4. Results

9.4.1. Patients Characteristics:
There was a total of 18,533 insulin-users of which 18,227 were derived from the UK national
data, and 326 from the Erewash data. The mean age was 61.6+£13.6 years, while a little above

half of the population (53.2%) were males. The mean HbAlc level was 8.7£1.8% (72 +
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20mmol/mol); weight: 91.2+18.7kg; with a greater proportion (62.5%) obese. Also, in both
populations, Metformin (84.9%) was the commonest glucose lowering therapy (GLT) in use,
followed by sulphonylurea (74.6%); thiazolidinedione (31.1%) and DPP4i (Dipeptidyl
peptidase-4 inhibitor) (13.9%); while the least used GLT is Sodium-glucose Cotransporter-2
inhibitors (SGLT2) (0.5%). Finally, the premix insulin regimen was the commonest regimen

in use. Table 9.1 provides a summary of the baseline characteristics of the study population.
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Table 9.1: Baseline Characteristics by population Groups and differences between them

Population
Erewash . «
THIN Integrated Total D'ffeg ences p-value
Baseline variable cohort Service (95% C1)
(N = 18,227) (N = 326) (N = 18,533)
Demographics
Age (yrs), Mean (SD) 61.5 (13.6) 65.8 (12.7) 61.6 (13.6) -4.6 (-6.1, -3.1) <0.0001
Gender, No. (%)
Male 9695 (53.2) 176 (54.0) 9871 (53.2) _
Female 8532 (46.8) 150 (46.0) 8682 (46.8) 2=0.0818 0.775
Clinical Parameters, Mean (SD)
HbA1c (%) 8.7 (1.8) 8.5(1.8) 8.7 (1.8) 0.4 (-0.16, 0.25) 0.6551
(mmol/mol) 72 (20) 69 (20) 72 (20) - -
BMI (kg/m2) 32.5(6.9) 30.3(6.9) 325(6.9) 1.63(0.88, 2.39) <0.0001
Weight (Kg) 91.3 (18.7) 86.1 (20.4) 91.2(18.7) 4.54(1.67,7.42) 0.0019
SBP (mmHg) 136.3 (23.0) 132.2(14.2) 136.3(23.0) 3.30(0.64, 5.96) 0.015
DBP (mmHg) 76.0 (10.8) 72.5(9.2) 76.0 (10.8) 3.21(2.02,0.41) <0.0001
TC (mmol/l) 4.5 (1.3) 4.1(1.1) 4.5 (1.3) 0.34 (0.20, 0.49) <0.0001
HDL (mmol/l) 1.2 (0.4) 1.3(0.4) 1.2 (0.4) -0.03 (-0.08, -0.02)  <0.0001
LDL (mmol/l) 2.4 (1.1) 2.1 (0.9) 2.4 (1.1) 0.36 (0.23, 0.48) <0.0001
Triglyceride (mmol/L) 2.0(1.2) 1.7 (0.8) 2.0(1.2) -0.001 (-0.14, 0.13)  0.9859
eGFR (mls/min/1.73m?)  62.3 (21.0) 63.8 (21.5) 63.1 (21.3) -1.35(-3.73,-1.04) 0.013
Diabetes duration (yrs) 3.9 (6.4) 8.7 (8.0) 6.3 (6.2) -3.08 (-3.81,-2.35)  <0.0001
Insulin Duration (yrs) 4.3 (4.9) 6.3 (5.1) 4.3 (4.9) -2.61 (-3.1,-2.1) <0.0001
BMI No. (%)
<24.9kg/m? 2455 (13.5) 56 (13.4) 2511 (13.5)
25-29.9kg/m? 4343 (23.8) 103 (31.6) 4446 (24.0) 2= 18.07 <0.0001
> 30kg/m? 11429 (62.7) 167 (51.2) 11596 (62.5)
Other GLTs, No. (%)
Metformin 15593 (85.6) 163 (50.0) 15756 (84.9) 2= 316.13 <0.0001
Sulphonylurea 13794 (75.7) 47 (14.4) 13841 (74.6) 2= 634.39 <0.0001
Thiazolidinedione 5754 (31.6) 9 (2.8) 5763 (31.1) 2 =124.12 <0.0001
GLP-1ar 1943 (10.7) 13 (4.0) 1956 (10.5) 2¢=15.12 <0.0001
SGLT2 85 (0.5) 8 (2.5) 31 (0.5) 22 =25.37 <0.0001
Glinides 790 (4.3) 1(0.3) 791 (4.3) 7=12.72 <0.0001
DPP4i 2569 (14.1) 11 (3.4) 2580 (13.9) 7=30.74 <0.0001
Insulin Regimen
Basal-bolus 10744 (59.0) 291 (89.3) 7518 (40.5) o
Premix 7483 (41.1)  35(10.7) 11035 (59.5) #=12215  <0.0001

*Differences- This is a measure of the differences in the variables between the two populations (mean difference in continuous variables with
95% confidence interval; and chi-square test in categorical variables).

SD (standard deviation); Diabetes duration is time from first diagnosis of diabetes to date of initiating insulin; Duration of insulin is the time

between initiation of insulin and date of commencing study

MET (metformin); SU (sulphonylurea); GLP-1ar (Glucagon-like peptide 1); INS (insulin); SGLT2 (Sodium-glucose Cotransporter-2

inhibitors); Glinides (Meglitinides); DPP4i (Dipeptidyl peptidase-4 inhibitors)

BMI (body mass index); SBP (systolic blood pressure); DBP (diastolic blood pressure); HbAlc (haemoglobin Alc); HDL (high-density
lipoprotein); LDL (low-density lipoprotein); TC (total cholesterol); eGFR (estimated glomerular filtration rate)
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9.4.2. Insulin-users with T2DM: Integrated Diabetes Service vs THIN cohort

i. Demographic Characteristics:

An independent t-test and chi-square test was run on both population samples to determine
differences in the demographics of insulin-users with T2DM in both population groups (Table
9.1). The baseline age was 4.6years significantly lower in the UK general population (61.5years
vs 65.8 years; p <0.0001). There were similarities in gender distribution between both

population groups (Males: 53.2% vs 54.0%, #¢ = 0.0818; p = 0.775).

ii. Clinical Parameters:

I explored the differences in important clinical parameters which predict treatment outcomes
in the management of T2D. It was observed that HbALlc was similar in both populations (8.7%
vs 8.5%; mean diff: 0.46; [95%CI: -0.16, 0.25]; p =0.6551), but the duration of insulin use
(6.3years vs 4.3years; mean diff; 2.61; [95%CI: 2.10, 3.10], p <0.0001) was significantly higher

in the Erewash Integrated Service compared to the THIN cohort.

Some clinical measures were significantly lower in the Erewash integrated service population
group compared to the THIN cohort — such as weight (p = 0.0019); BMI (p < 0.0001); systolic
BP (p=0.0015); diastolic BP (p< 0.0001); total cholesterol (p< 0.0001); low-density lipoprotein
(p<0.0001) and the proportion of the obese sub-population group (51.2% vs 62.7%; p<0.0001).
Conversely, high-density lipoprotein (p<0.0001); and glomerular filtration rate (p=0.013) were

significantly higher in the local population, while triglycerides (p=0.9859) was similar in both.

iii. Use of Insulin and other GLTs:
Although in both populations, there was a higher proportion of insulin-users on basal-bolus

than premix (UK: 59.0% vs 41.1% and Integrated service: 89.3% vs 10.7%; p <0.0001), the
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use of basal bolus was found to be very high (approximately 9:1) compared to premix in the

Erewash local data (Table 9.1).

Similarly, there were significant differences in the proportion of users of other GLTs between
the two population groups, and in all GLTs of interest, | found a lesser proportion of users in
the local data of Erewash integrated service, compared to the national except for SGLT2
inhibitors: 2.5% of the local integrated service population, compared to 0.5% in the THIN
cohort (p<0.0001). Also, the proportion of metformin users was highest in both populations
(85.6% vs 50.0%) compared to other GLTs, followed by sulphonylureas (75.7% vs 14.4%);
while glinides were the least used GLT in the local population (0.3%), against SGLT2i (0.5%)

in the national data.

iv. Achievement of NICE targets.
No significant difference was noted in the percentage of patients achieving NICE HbAlc target
of 7.5% between the two population cohorts. However significantly higher number of patients
within the Erewash cohort achieved NICE targets for total cholesterol, systolic and diastolic
blood pressure, compared with the UK THIN cohort. Thus, for the achievement of combined
HbAlc, total cholesterol and blood pressure, 17.5% in the Erewash cohort achieved the

combined target compared with 9.6% in the UK THIN cohort (p<0.0001). (Table 9.2)
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Table 9.2: The proportion of patients achieving the NICE targets of HbAlc <7.5% (59
mmol/mol); Blood Pressure <140/80 mmHg and Cholesterol: 4 mmol/l.

Erewash
THIN Integrated ~ Chi-square p-value
cohort )
Service
HbALC
<75% 4,195 (27.0) 91 (28.0)
>7.5% 13,312 (73.0) 235 (72.0) 0.1463 0.702
Total Cholesterol
<50mmol/L 12,025 (66.0) 258 (79.1)
>5.0mmol/L. 6202 (340)  68(20.9) 24.82 <0.0001
Diastolic BP
<80mmHg 12,060 (66.2) 267 (81.9)
> 80mmHg 6,158 (33.8) 59 (18.1) 3537 <0.0001
Systolic BP
<140mmHg 10,651 (58.4) 247 (78.8)
>140mmHg 7576 (41.6) 79 (24.2) 36.69 <0.0001
NICE Target* 1750 (9.6) 57 (17.5) 22,64 <0.0001

*NICE target: Proportion of patients achieving the NICE targets of HbAlc <7.5% (59 mmol/mol);
Blood Pressure <140/80 mmHg and Total Cholesterol: 4 mmol/I.

9.5. Discussion

This observational study reports the demographic, metabolic and cardiovascular risk
parameters, use of insulin therapy/ regimens and choices of concurrent oral glucose lowering
therapies among patients with T2D undergoing routine care at a local Integrated Diabetes
service compared with a representative UK cohort. While simple conclusions cannot be made

from this cross-sectional data analysis, some discussion and speculation can be derived.

Firstly, the mean percentage of patients achieving the three NICE treatment targets of HbAlc
<58mmol/mol, blood pressure of <140/80mmHg and total cholesterol <4mmol/L was

significantly higher in the Erewash integrated service cohort compared with the UK (THIN)
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population. The mean HbA1c level and the % patients achieving HbAlc target of <7.5% within
the Integrated care cohort was however comparable to the UK cohort. This was despite
significantly longer duration of diabetes and of insulin therapy in the integrated care cohort.
This is relevant because increased diabetes duration is known to be associated with progressive
decline of HbAlc level,?? continual decline of C-peptide level®®* 3% and reduced
responsiveness to intensive insulin therapy,®* which is partly augmented by increased age.>*
The latter is also relevant because our cohort is significantly older than the UK cohort.
Importantly, cardiovascular risk profile such as systolic BP, diastolic BP, total cholesterol and
low-density lipoprotein levels were significantly lower in the integrated care cohort compared
to the UK population. The reason for this is not known but | would speculate that the
implementation of cardiovascular risk reduction strategies among patients who receive their
routine care in an integrated service is likely to be more robust than that in the general
population. Unfortunately, the extracted data did not provide us with information regarding the
use antihypertensive drugs, statins and aspirin therapy in both patient cohorts. This study
supports observation from a previous trial which randomised intermediate care clinics for
diabetes versus usual care and reported greater achievement of achievement of all three of the
NICE targets®* in the intermediate care cohort with collaboration and joint working between

primary and secondary care services.

Secondly, in the integrated service compared with the THIN cohort, | observed a significantly
greater use of a basal-bolus insulin regimen compared with the premixed insulin regimen.
These two insulin regimens are the two most widely used insulin regimens but there remains
no overall consensus regarding the most effective or optimal insulin regimen for patients with
diabetes mellitus.??° The basal-bolus regimen, which consists of multiple daily injections of
rapid-acting insulin pre-prandially in addition to a long-acting basal insulin, most closely

mimics the pattern of insulin secretion in individuals without diabetes.??* The flexibility of this
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regimen is, however, undermined by its complexity in the need to count daily carbohydrate
intake and adjust the insulin dose accordingly, as well as the lifestyle restrictions implicated by
the high number of injections.??* The premixed insulin regimen accounts for the majority of
insulin prescriptions worldwide and consists of a fixed ratio of rapid-acting insulin and
intermediate insulin combined; thereby eliminating the need for patients to mix the insulin

themselves, while also reducing the number of required daily injections.

| would speculate that the much higher preference for a basal-bolus insulin regimen relative to
a premixed regimen within an integrated service compared to the THIN cohort reflects the
greater patient access to clinicians and diabetes educators, required for the more complex basal-

bolus regimen, accorded by an integrated diabetes service.

Similarly, this may also influence the much lower use of concurrent oral GLT in the integrated
cohort, except for the SGLT2 inhibitor, a novel therapy for T2DM associated with weight loss.
The latter may explain the lower mean weight in the integrated service population, compared
to the THIN cohort, despite the higher background prevalence of overweight and obesity in the

Erewash region compared with the THIN cohort.

In a previous Cochrane systematic review on interventions to improve the management of
diabetes mellitus in primary care and community settings,3® 41 studies were included which
involved more than 200 practices and 48 000 patients. The majority of these studies involved
interventions which focused on: ‘up-skilling’ of primary care (non-specialist clinicians) via
postgraduate education; patient-tracking systems or other systems for regular follow up;
provision of patient education and/or a link research nurse to liaise with patients and clinicians;
the impact of nurses in replacing physicians; and the effectiveness of a pharmaceutical care
model in delivering advice on glucose-lowering therapy. No studies were identified that dealt

with trial or audit outcome of an integrated service as defined by the ‘Best practice for
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commissioning diabetes services’6 and the joint position statement from the Primary Care
Diabetes Society, the Association of British Clinical Diabetologists, Diabetes UK, and the

Royal College of Nursing®?°

9.6. Limitations

Due to the cross-sectional nature of this study, | was not able to investigate the health economic
outcome, patient pathway and the patient experience of the integrated service — three of the
most important non-clinical determinants of the success of an integrated service. A further

prospective randomised trial is required to address the research gap.

9.7. Conclusion

This model of integrated diabetes service appears to confer better clinical outcomes compared
with the UK population. This attests to the gains of this model in terms of better treatment
outcomes for patients — a feat other for centres in the United Kingdom to adopt in the
management of T2DM. However, further studies are required to investigate impact of this

service model on health economic, patients’ pathway and patient experience.
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There is a strong evidence on the glycaemic efficacy of insulin, as well as the long-term micro-
and macrovascular benefits of optimal glucose control.5? 148 This, I think, puts insulin at the
epicentre of the management of diabetes. In view of the rising use of, and safety concerns
about, insulin in the management of T2DM, this thesis focused entirely on insulin users in
‘real-word’ condition (routine clinical practice), drawing evidence from a representative UK
population. It is well known that insulin users represent a high-risk group of people with T2DM
—being older, with longer duration of diabetes, and having had failure of other GLTSs to achieve

optimal glucose control, more disease severity, and the presence of other comorbidities.

This research was grounded on the fact that insulin cannot seem to do so good, yet so bad in
terms of certain important clinical outcome; and so sets out to explore the real-world
cardiovascular and metabolic outcomes associated with the use of exogenous insulin, with a
primary focus on its clear benefit or otherwise in high risk group of people with T2DM.
Particular attention was paid on insulin use in terms of age and metabolic profile of its users,
interactions with medications that modify glucose control and CV risk factors (e.g. statins),
insulin’s effect on CV risk factors as weight, and obesity, appropriate glycaemic targets and

goals, and combination of insulin use with newer novel GLTs (like GLP-1 receptor analogues).

This concluding chapter therefore highlights the main findings of the studies conducted in this
thesis and how these met the set aim and objectives outlined in section 1.5. It also emphasises
the clinical importance and application of these findings to ensure the best treatment outcomes

for people with T2D, and recommends grey areas for future studies.
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10.1. Summary of Evidence and Recommendations

In Chapter 3, I brought together in one piece, recent evidences from 18 recently conducted
clinical trials which compared clinical outcomes as CV events, glycaemic control, episodes of
hypoglycaemia, effect on weight and adverse drug reactions between insulin and non-insulin
GLTs (objective 2). Majority (68.8%) of these trials involved insulin glargine in its active arm,
while GLP-1RA was used most (68.8%) of all the drugs in the comparator arms. Reassuringly,
it showed that there was no difference in the risk of all-cause mortality and CV events between
insulin and non-insulin GLTs despite insulin showing almost a 2-fold higher risk of
hypoglycaemia. Similarly, there was no difference in the proportion of users achieving their
HbA1c targets although insulin showed superiority in glycaemic control. Finally, the use of
non-insulin GLTs was found to be associated with significant weight loss of up to 3.5kg. This
evidence from a meta-analysis of recent trials, which have now been published provides
reassurance on the safety of insulin use regardless of its well-known effects on CV risk factors
as weight gain and hypoglycaemia — which are the main drivers of the clinical inertia shown

by physicians and people with T2D in starting insulin.33%-342

While the finding from chapter 3 was indeed reassuring, the next consideration was whether
evidence from clinical trials truly translates to what is obtained in real-life practice. As evidence
from clinical trials guides management of diabetes, one often wonders if this leads to the same
clinical outcomes in routine care. One questions the validity of these outcomes and how much
different they could be from findings from real-world data. To this end, my focus was on insulin

regimens in type 2 diabetes.

The two most widely prescribed insulin regimen is the basal-bolus or premixed regimens. The
benefit of one regimen over the other in terms of improved clinical outcomes has been explored

in clinical trials, including a previous study from our research group, but whether this translates
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to similar benefits in routine clinical care is unknown. So, in line with objective 2, Chapter 4
sets out to identify the gaps between clinical outcomes derived from RCTs and real-world. In
spite of the highest level evidence ascribed to data derived from RCTs, they do not necessarily
mirror what obtains in real-world. | observed, in real-world condition, there was a lesser
reduction in HbA1c than in RCTs for both premix and basal-bolus but there was greater weight
gain in the RCT population than in real-world. Additionally, a weak correlation existed
between baseline HbA1c and glycaemic response in real-world population as against a stronger
correlation seen in RCTs. For both real-world and RCT populations, greater baseline weight
was associated with better glycaemic control (reduced HbALc) but response was greater in the
RCT population. This further reinforces the need for cautious interpretation and application of
findings from clinical trials in routine clinical practice.'?* This I believe is particularly relevant
to insulin therapy where the adverse effect on weight gain and hypoglycaemia risks may affect

compliance to treatment in real world practice.

In continuation, | went further to explore how the metabolic profiles of insulin users may affect
important clinical outcomes. In Chapter 5, | showed that baseline obesity did not affect
glycaemic control both in the short- and in the long term. At 5 years, the morbidly obese group
of insulin users had the greatest reduction in HbAlc, compared to patients with normal BMI.
Similarly, the proportion of people achieving the NICE target HbAlc level of < 7.5%
(58mmol/mol) increased with time, independent of their baseline BMI while the obese group
had reduction in both weight and BMI in contrast to the normal and overweight BMI groups
who experienced an increase. Finally, a 30% increased risk of a 3-point composite of non-fatal
M, stroke and all-cause mortality was reported only in the morbidly obese group after a 5-year

follow-up period.
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Furthermore, since weight gain is associated with adverse risk for cardiovascular disease,
objective 3 focused on the association of insulin-induced weight-gain on CV outcomes and
mortality and to see if this weight-gain has any effect on glycaemic control in real world
practice. This data showed that weight-gain following insulin initiation was not significantly
associated with increased risk of adverse CV events and mortality. On the contrary, this risk
was increased by 31% in those who lost >5kg weight, compared to the weight-neutral group
independent of baseline BMI. The mechanism for this is unclear, but | have made some
speculations and discussed some limitation to the study analysis, including effects of residual

confounders.

On the association between weight-gain and glycaemic control, a weak negative correlation
was shown. So, for a unit increase in weight (in kg), HbAlc reduced by 0.11%, 0.005%,
0.004% and 0.003% at 6, 12, 24, and 36 months respectively. Additionally, when compared to
the weigh-neutral group, those who gained weight had a significant greater reductions in

HbA1call through the study follow up duration.

These studies provide some reassurances among patients with T2DM who gained weight
following insulin treatment, and allay fears of physicians who develop inertia in initiation
insulin therapy early in routine clinical practice. However, must be interpreted with caution as
the possible use of higher doses of insulin in the obese group should have driven the observed

associations discovered.

Given the potential adverse effect of insulin on weight and the previously reported association
between insulin therapy and adverse cardiovascular outcomes, in Chapter 6, the clinical
benefits of combining insulin therapy with newer, novel glucose lowering therapies like GLP-
1RA, which have been shown to have favourable effects on the weight and hypoglycaemia

(known CV risk factors)?%® 26% were investigated (Objective 4). Following failure to maintain
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optimal HbA1c level despite up-titration to maximal doses of dual- or triple therapy, there is
the need for intensification but the dilemma remains that there are many treatment options but
limited evidence on the appropriate choice. The use of insulin and GLP-1RA is becoming
popular in routine clinical care and may seem to confer CV benefits when combined together.
In view of the concerns about the CV safety of insulin therapy,’® 27 it was hypothesised that
insulin’s effect on weight gain and risk of hypoglycaemia can be neutralised when used in

combination with GLP-1RA.

After a follow-up period of 5-years, the risk of adverse CV events (of non-fatal stroke and MI)
and all-cause mortality was first compared in a cohort of propensity-score matched individuals,
who intensified their MET+SU dual therapy with either insulin or GLP1-1RA,; and in another
population of insulin users who went on the add a GLP-1RA or none in routine clinical care. It
was shown in the first cohort that the use of GLP-1RA instead of insulin after dual therapy
failure was associated with a 73% reduction in the risk of non-fatal CV events and all-cause
mortality; while when used in combination with insulin (in the second cohort) was associated
a 36% reduction in risk. In both cohorts, these glycaemic control were similar, while weight
remained higher in the insulin groups. Also, the risks of adverse CV events were greater in the
obese subgroups. These findings provide reassurance on the possible benefits of combining
GLP-1RA with insulin irrespective of body. Although the mechanism for the cardio-protective
effects of GLP-1RAs remains speculative further study in a randomised clinical trial setting is

required to confirm this observation. This finding has now been published.

Elderly people with T2DM on insulin therapy represent a very special class of people due to
their advanced age, longer duration of diabetes, more disease (diabetes) severity, and presence
of other comorbidities. | hypothesised here, that as a result of the high prevalence of

comorbidities and frailty in older people, tight glucose control may have deleterious effect on
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them just as poor glucose control, drawing from evidences of a U- or J-shaped relationship
between glucose control targets and the risk of adverse events, including mortality shown by

recent studies using routine clinical data.

So, in a cohort of 8,192 insulin users, Cox proportional hazard models and Kaplan-Meier
estimators were fitted to derive the hazards of all-cause mortality by HbAlc decile after 5-yrs
of follow-up. A U-shaped relationship was observed between all-cause mortality and HbAlc,
with the lowest risk of mortality seen in the HbAlc interquartile range (IQR) of 7.4-7.7%.

Conversely, no significant association was observed with cardiovascular events.

This study supports a strong U-shaped association between HbAlc and mortality with
minimum safe and high HbA1c values identified to reduce the risks of mortality in this high
risk group of patients in routine care. The observational data presented here therefore provide
important guidance to the management of the rapidly growing number of older patients with
type 2 diabetes who require insulin therapy to manage their hyperglycaemia and other
symptoms, and emphasises the need for study for individualisation of care and treatment targets

in line with international guidelines.

Chapter 8 examines the association between concurrent use of other medications which may
modify CV risk factors (objective 6) among insulin users. Statins were used as a case-study
because evidence from randomized controlled trials shows though they reduce the risk of fatal
and nonfatal cardiovascular (CV) events in patients with T2D, they may also have modest
adverse effects on glucose and insulin metabolism, e.g. increasing the risk of new-onset
diabetes, especially in higher doses and with the more potent statins. | was able to show this in

an earlier published systematic review.®

In a cohort of 12,725 insulin initiators, logistic regression was used to compute the mean

changes in HbA1c between statin and non-users and in different statin subtypes; while the risk
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of adverse CV events and all-cause mortality was compared between statin vs non-statin users.
It was shown that within the first year, non-statin users experienced a greater reduction in
HbA1c compared to users but the risk of composite adverse CV event was 36% higher in this
group with an almost 2-fold greater risk of all-cause mortality in non-statin users compared to
users. It is however encouraging to observe that this pattern persisted for all types of statins
used in this study. As people with T2DM often use other medications due to the long-term
complications of diabetes, it can be seen from this large cohort of T2D patients who newly
started on insulin therapy, and who reflect a real-world population in routine clinical practice,
the major benefits of statin use in reducing CV risk and mortality; and for the first time,
quantified the modest adverse effects of background statin use on the HbAlc outcomes. It is
clear that, in this high-risk population, the benefits of statins on CV outcomes outweigh the

small adverse metabolic effects on glycaemic control.

Finally, objective 7 was met in Chapter 9 which compared the patients within Erewash
Integrated Diabetes Service in my locality (Derby) with a representative UK population
(THIN) of T2D in terms of demographics; achievement of combined NICE targets and patterns
of insulin use. In a comparative cross-sectional survey, the local area (Erewash) insulin users
were older, had longer diabetes duration before the commencement of insulin, and had lower
weight, blood pressure, and total and LDL cholesterol than the THIN population. HbAlc was
similar between them. In spite of the high proportion of the obese in Erewash compared to UK,
a greater proportion of insulin users attained the combined NICE targets of HbAlc (<7.5%),
blood pressure (<140/80) and total cholesterol (<4mmol/L). Also, a greater proportion of
insulin users in the Erewash was on the basal-bolus regime, instead of premix in the Erewash

cohort while the reverse was the case in THIN.
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With the rising cost and prevalence of diabetes and the lean NHS budget, there has been a shift
in the responsibility for providing care for most patients to primary care — which in most cases,
lacks manpower and the needed expertise deliver an effective care. The Erewash Diabetes
Service (EDS) in Derbyshire provides a novel set up of diabetes care which integrates delivery
of diabetes services across both primary and secondary care to deliver well-coordinated holistic
care to patients. So findings of this study/audit show the clear benefit of such care plan and

portrays what the entire country stands to gain if this approach is adopted by all NHS Trusts.

10.2. Application of Findings to Clinical Practice

Since undertaking an RCT in a high-risk population of people with T2DM as insulin users may
pose some ethical and costs concerns, this study provides a credible ‘real-world’ evidence that
can guide clinical practice and management guidelines. With the large sample population
studied and the diverse distribution of the study population, the findings of this study have the

potential to inform and transform clinical practice as it relates to the diabetes care globally.

| believe my thesis has provided a better understanding of the benefits of the combination of
insulin with newer GLTs to provide a therapeutic synergy that minimises the adverse treatment
effects associated with the use of only a single therapy, as reflected by the number of studies
which have now been published or in press in various peer reviewed journals This can be fed

into the algorithm on the management of T2DM.

Furthermore, it has allayed the fear of physicians in prescribing insulin especially among those
who are obese and for the fear of hypoglycaemia. It has been shown here that although insulin
is associated with weight gain, and higher risk of hypoglycaemia, this did not translate to

adverse CV events. Rather, insulin-induced weight gain was weakly, but significantly
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associated with better glycaemic control. Additionally, the concurrent use of medications
which worsen glycaemic control but modify CV risk factors has proved to be beneficial. These

provide water-tight evidence that can guide NICE treatment guidelines in T2DM.

Finally, the gains of the Erewash Integrated Diabetes Care model, specific to Insulin treated
patients with T2DM have been highlighted here. This care model can be replicated to deliver
diabetes care across the UK and so minimise cost, optimise the scarce healthcare manpower,

and deliver the best clinical and psychological outcomes for patients.

10.3. Areas for Future Research

Follow up epidemiological studies and post-hoc analyses of cardiovascular outcome trials have
shown that the beneficial CV outcomes or otherwise of treatment effects can be felt mostly
after a long term period. This was observed in the long-term follow up studies on the UKPDS,
DIGAMI-1, ACCORD and VADT where most trials showed a long-term benefit.%® In light of
this, a longitudinal database as THIN, which is constantly being updated, offers a good platform
to explore the real-world long term outcomes of the insulin treatment. So, longer follow up
studies of at least ten years will be needed in future in order to fully explore the risks and

benefits of insulin use.

Secondly, there is need to link the THIN database to other wider specialised health-care
databases which hold data for some clinical outcomes like mortality and work-related issues
e.g. Office of the National Statistics (ONS); hospital admission records e.g. Hospital Episode
Statistics (HES) database and surgical procedures e.g. Office of Population, Censuses and

Surveys’ classification of surgical operations and procedures (OPCS). It is believed that such
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a linkage will give a robust data to explore many more outcomes associated with insulin use,

as well as minimise the effects of residual confounders.

Thirdly, future studies in this area may incorporate information on insulin dosages and
titrations, cost, and quality of life measures. These very important factors will provide useful

clues underpinning the risk or benefits associated with insulin use.

Finally, as stated above, the incorporation of data on surgical procedures like bariatric surgery,
which is carried on patients with diabetes will be of great benefit in providing alternative real-

world evidence in the management of T2DM.

10.4. Conclusion

With the application of good statistical methods which address the inherent limitations of
routine observational data, observational study using primary care database can provide a
credible evidence that mimic RCTs’. This also has an additional advantage of providing a ‘real-
world’ picture which mimics the outcomes obtained in routine clinical care. Also, since
conducting an RCT in a high-risk population as insulin users may pose some ethical concerns
and is very expensive, this study then provides a credible evidence that can guide clinical

practice and management guidelines.

Firstly, this research was borne of the desire to provide real-world evidence of the benefit and
risk of insulin among a population of insulin users and to explore the dynamics of this group
which could underpin these outcomes. The result of the meta-analysis of the clinical trials
provides an assurance about the CV safety of insulin — in the midst of growing concerns from
conflicting outcomes from different trials. Given that ORIGIN trial, being the first to report

CV outcomes in a trial that had an insulin-only arm direct comparison, showed similar
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outcomes with standard care; post hoc analyses and epidemiological follow-up studies on
previous trials equally showed some benefits. This thesis has tried to bring all these evidences

together.

Secondly, in view of failure to achieve optimal glucose control with first or second line
medications, coupled with the fear of insulin initiation and/or insulin induced weight gain or
hypoglycaemia risks, this thesis has demonstrated that insulin-GLP-1RA combination therapy
is a good therapeutic option. The use of this combination (e.g. IDegLira and LixiLan — fixed
dose combinations of GLP-1RA and long acting insulin) has been on the increase in routine
clinical practice but its CV and metabolic benefits are yet to be explored. Now, this thesis is
the first to demonstrate its benefits in real world practice, as it relates to composite CV

outcomes of non-fatal stroke, non-fatal M1 and all-cause mortality.

Finally, this research has shown the need to take a cautious approach to treatment targets in
elderly insulin users. This is given the fact that this special group represents a high risk class
of T2DM in whom treatment must be highly individualised and not based on HbAlc
monitoring alone. Furthermore, for another high-risk group who are obese also have higher
chances of having their treatment intensified with insulin, or their insulin doses up-titrated, this
thesis has also demonstrated that the glycaemic benefits of insulin use, and assuaged the fears
that insulin-induced weight gain may be associated with adverse CV outcomes. Nonetheless,
it only demonstrated excess mortality in only morbidly obese patients. In conclusion, this
thesis also demonstrated that the concurrent use of medications which modify CV risk factors

(e.q. statins) is beneficial in insulin users.
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Appendices

Appendix 1 (Chapter 2 — Methods: Definition of READ codes).

1.1. Acute Myocardial Infarction (AMI)

Description Code
Acute ST segment elevation myocardial infarction G30X000
Acute anterolateral infarction G300.00
Acute anteroseptal infarction G301100
Acute coronary syndrome G311500
Acute inferolateral infarction G302.00
Acute myocardial infarction G30..00
Acute myocardial infarction NOS G30z.00
Acute non-ST segment elevation myocardial infarction G307100
Attack - heart G30..11
Coronary thrombosis G30..12
Heart attack G30..14
Inferior myocardial infarction NOS G308.00
MI - acute myocardial infarction G30..15
Other specified anterior myocardial infarction G301.00
Posterior myocardial infarction NOS G304.00
Silent myocardial infarction G30..17
Subsequent myocardial infarction G35..00
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1.2. Coronary Heart Diseases (CHD)

Description Code
Acute coronary insufficiency G31y000
Acute inferoposterior infarction G303.00
Angina at rest G311200
Angina on effort (G33z300
Angina pectoris G33..00
Angina pectoris NOS G33zz00
Anterior myocardial infarction NOS G301z00
Arteriosclerotic heart disease G3..11
Asymptomatic coronary heart disease G34z000
Atherosclerotic cardiovascular disease G342.00
Atherosclerotic heart disease G3...12
Chronic myocardial ischaemia G34y100
Coronary artery disease G340.12
Coronary artery spasm (G332.00
Coronary atherosclerosis G340.00
Crescendo angina G311.11
Double coronary vessel disease G340100
Dressler's syndrome G310.11
IHD - Ischaemic heart disease G3...13
Ischaemic cardiomyopathy G343.00
Ischaemic chest pain G33z400
Ischaemic heart disease G3...00
Ischaemic heart disease NOS G3z..00
Lateral myocardial infarction NOS G305.00
Mural thrombosis G30A.00
New onset angina G33z600
Old myocardial infarction G32..00
Other acute and subacute ischaemic heart disease G31..00
Other chronic ischaemic heart disease G34..00
Other specified ischaemic heart disease G3y..00
Prinzmetal's angina G331.00
Single coronary vessel disease G340000
Stable angina G33z700
Triple vessel disease of the heart G340.11
Unstable angina G311.13
Worsening angina G311400
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1.3. Cerebrovascular Accident (Stroke)

Description Code
Amaurosis fugax F423600
Brain stem stroke syndrome G663.00
CVA - Cerebrovascular accident unspecified G66..13
CVA - cerebral artery occlusion G64..11
CVA - cerebrovascular accid due to intracerebral haemorrhage G61..11
CVA unspecified G66..11
Carotid artery occlusion G631.00
Carotid artery stenosis G634.00
Cerebellar haemorrhage G613.00
Cerebellar infarction G64z.12
Cerebral aneurysm, nonruptured G673.00
Cerebral arterial occlusion G64..00
Cerebral embolism G641.00
Cerebral infarct due to thrombosis of precerebral arteries G63y000
Cerebral infarction NOS G64z.00
Cerebral infarction due to embolism of cerebral arteries G641000
Cerebral infarction due to embolism of precerebral arteries G63y100
Cerebral infarction due to thrombosis of cerebral arteries G640000
Cerebral thrombosis G640.00
Cerebrl infarctn due/unspcf occlusn or sten/cerebrl artrs G6X..00
Cerebrovascular disease G6...00
Cerebrovascular disease NOS G6z..00
Chronic cerebral ischaemia G671100
Drop attack G65..11
Extradural haemorrhage - nontraumatic G620.00
Hypertensive encephalopathy G672.00
Infarction - cerebral G64..12
Infarction - precerebral G63..11
Infarction of basal ganglia G64z400
Intracerebral haemorrhage G61..00
Intracerebral haemorrhage NOS G61z.00
Intracerebral haemorrhage, intraventricular G617.00
Left sided CVA G667.00
Left sided cerebral infarction G64z200
Middle cerebral artery syndrome G660.00
Other transient cerebral ischaemia G65y.00
Pontine haemorrhage G614.00
Posterior cerebral artery syndrome G662.00
Pure motor lacunar syndrome G665.00
Right sided CVA G668.00
Right sided cerebral infarction G64z300
Stenosis, carotid artery G631.11
Stroke and cerebrovascular accident unspecified G66..00
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Description Code
Stroke due to cerebral arterial occlusion G64..13
Stroke due to intracerebral haemorrhage G61..12
Stroke unspecified G66..12
Subclavian steal syndrome G652.00
Subdural haematoma - nontraumatic G622.00
Subdural haemorrhage - nontraumatic G621.00
Subdural haemorrhage NOS G623.00
Transient cerebral ischaemia G65..00
Transient cerebral ischaemia NOS G65z.00
Transient global amnesia G655.00
Transient ischaemic attack G65..12
Vertebrobasilar insufficiency G656.00
1.4. Heart Failure
Description Code
Acute congestive heart failure G580000
Acute heart failure G582.00
Acute left ventricular failure G581000
Biventricular failure G580.14
Cardiac failure Gh8..11
Cardiac failure NOS G58z.12
Chronic congestive heart failure G580100
Congestive cardiac failure G580.11
Congestive heart failure G580.00
Decompensated cardiac failure G580200
H/O: aortic aneurysm 14AE.00
H/O: heart failure 14A6.00
Heart failure G58..00
Heart failure NOS G58z.00
Heart failure confirmed 101..00
Impaired left ventricular function G581.13
Left ventricular diastolic dysfunction G5yyA00
Left ventricular failure G581.00
Left ventricular systolic dysfunction G5yy900

New York Heart Association classification - class|  662f.00
New York Heart Association classification - class Il 6629.00
New York Heart Association classification - class Il 662h.00
New York Heart Association classification - class IV 662i.00
Pulmonary oedema - acute G581.12

Right heart failure
Right ventricular failure

G580.12
G580.13
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1.5. Hypoglycaemia

Description Code
Drug-induced hypoglycaemia without coma Cl11y100
Frequency of GP or paramedic treated hypoglycaemia 66A7100
Frequency of hospital treated hypoglycaemia 66A7000
Hypoglycaemia unspecified C112.00
Hypoglycaemia unspecified NOS C112z00
Hypoglycaemic attack requiring 3rd party assistance 66Ad.00
Hypoglycaemic coma C110.00
Hypoglycaemic coma NOS C110z00
Insulin dependent diabetes mellitus with hypoglycaemic coma C108E00
Loss of hypoglycaemic warning 66AJ200
Other hypoglycaemia C116.00
Post-prandial hypoglycaemia C116000
Reactive hypoglycaemia NOS C112000
Type 1 diabetes mellitus with hypoglycaemic coma C10EEO0
Type 2 diabetes mellitus with hypoglycaemic coma C10FDO00
[X]Other hypoglycaemia Cyu3000
1.6. Peripheral Arterial Disease (PAD)

Description Code
AAA - Abdominal aortic aneurysm without mention of rupture G714.11
Abdominal aortic aneurysm without mention of rupture G714.00
Aortic aneurysm G71..00
Aortic aneurysm repair 7A14.11
Aortic atherosclerosis G700.00
Arterial embolism and thrombosis G74..00
Arterial leg ulcer M271300
Axillo-unifemoral PTFE bypass graft 7A10300
Bypass femoral artery by fem/pop art anast ¢ vein graft NEC 7A48200
Cardiac failure therapy 8B29.00
Chronic peripheral venous hypertension G8y3.00
Claudication G73z011
Diabetic peripheral angiopathy G73y000
Dissecting aortic aneurysm G710.00
Embolism and thrombosis of the axillary artery G74y700
Embolism and thrombosis of the femoral artery G742400
Embolism and thrombosis of the iliac artery unspecified G74y300
Embolism and thrombosis of the subclavian artery G74y500
Extremity artery atheroma G702.00
Femoro-femoral prosthetic cross over graft 7A48E00
Gangrene of finger G732200
Gangrene of foot G732100
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Description

Code

Gangrene of toe

Intermittent claudication

Ischaemia of legs

Ischaemic leg ulcer

Ischaemic ulcer diabetic foot

Mixed venous and arterial leg ulcer

Other bypass of common femoral artery

Other bypass of femoral artery

Other bypass of femoral artery or popliteal artery
Other bypass of femoral artery or popliteal artery NOS
Other bypass of femoral artery or popliteal artery OS
Other bypass of superficial femoral artery

Other emergency bypass of femoral artery

Other emergency bypass of popliteal artery

Other peripheral vascular disease

Other specified peripheral vascular disease NOS
Percutaneous transluminal balloon angioplasty of aorta
Peripheral gangrene

Peripheral ischaemia

Peripheral ischaemic vascular disease

Peripheral vascular disease NOS

Peripheral vascular disease monitoring

Raynaud's disease

Raynaud's phenomenon

Raynaud's syndrome

Ruptured abdominal aortic aneurysm

Ruptured aortic aneurysm NOS

Saddle embolus

Thoracic aortic aneurysm which has ruptured
Thoracic aortic aneurysm without mention of rupture
Thrombosis - arterial

G732000
G73z000
G73..12
M271.12
M271000
M271400
7A48.12
7A48.14
7A48.00
7A48200
7A48y00
7A48.16
7TA47.16
7TAA7.14
G73..00
G73yz00
7A1A000
G732.00
G73..13
G73..11
G73z.00
662U.00
G730000
G730100
G730.00
G713.11
G715.00
G740.14
G711.00
G712.00
G74..12
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1.7. Mortality
Description Code
Death grant 13Q4.00
h/o: perinatal death 15A8.11
death 22])..12
o/e - dead - unattended death 22J3.00
o/e - dead - sudden death 22J4.00
o/e - dead - suspicious death 22J6.00
death - cause unknown 22J8.00
perioperative death 22J9.00
postoperative death 22JA.00
o/e - death rattle 2329.00
o/e - respiratory death 236..12
imminent expected death 2JL..00
preoperative anaesthetic death 7L1MO000
death in hospital 8HG..11
fp22-death 9234.00
death administration 94...00
death certificate form med a 941..00
certificate - death 941..11
death cert. med a due 9411.00
death cert. med a signed 9412.00
death cert. med a nos 9417.00
hospital death discharge notif 945..00
death notif. from hospital 9451.00
await hosp death disch letter 9452.00
receiv hosp death disch letter 9453.00
ask for hosp death disch lett. 9454.00
hospital death disch. nos 9452.00
death notif.- non.hosp source 946..00
cause of death clarif. sd17/18 947..00
sd17 - cause of death clarif 947..11
sd18 - cause of death clarif 947..12
sd17/18 received-death clarif. 9471.00
sd17/18 cause of death nos 9472.00
place of death 949..14
unexpected death-coroner told 94A..00
cause of death 94B..00
condition fatal-cause of death 94B..11
hospital notified of death 94D..00
date of death 94E..00
unexpected death 94F..00
verification of expected death 94G..00
death administration nos 947..00
sudden cardiac death, so described G575100
death obst cse occur more 42 day less than one yr aft deliv L39A.00
death from sequelae of direct obstetric causes L39B.00
obstetric death of unspecified cause L39X.00
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[x]obstetric death of unspecified cause
[d]instantaneous death

[d]death less than 24 hours from onset of illness
[d]death, not instantaneous cause unknown
[d]death less than 24 hours from onset of illness nos
[d]unattended death

[d]found after death, unknown cause of death
[d]unattended death nos

[d]sudden death, cause unknown nos

[x]other sudden death, cause unknown

[x]other ill-defined and unspecified causes of death
[V]issue of death certificate

Lyu7500
R211.00
R212.00
R212000
R212z00
R213.00
R213000
R213z00
R21z.00
RyuC100
RyuC200
ZV68011
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1.8. Ethical Approval

NHS

National Research Ethics Service

South East Research Ethics Committes
South East Coast Strategic Health Authority

Preston Hall

Aylesford

Kent

MEZD THJ

Telephone: 01622 713097
Facsimile: 01622 885966

06 March 2008

Mrs Alisen Bourke
Managing Director
EPIC

Regeneration House
York Way

London

N1 OUZ

Dear Mrs Bourke

Full title of study: The Health Improvement network (Data Collection
Scheme)
REC reference number: 07/H1102M103

Thank you for your letter of 13 February 2008, responding to the Commiltee's request for
further information on the above research and submitting revised decumentation,

The further information has been considered on behalf of the Committee by the Chair and
named members who were present at the meeting.

Confirmation of ethical opinion

On behalf of the Committee, | am pleased to confirm a favourable ethical opinion for the
above research on the basis described in the application form, protocel and supporting
documentation as revised.

In point (a) of our letter dated 18 October 2007, we said that the Committes would draw up
a set of conditions. These are as follows:

The Committee need assurance that the details will either be incorporated into, presumably,
the contract they have between them, or some other acknowledgement that the researchers
will comply with the requirements. If sent by letter, a signed copy of the letter would be
sufficient. If sent by email, a definite reply, printed out and kept, would be needed or
something like that. The same applies to researchers outside the UK (as per your point 5
bullet point 3).

Ethical review of research sites
The Committee has designated this study as exempt from site-specific assessment {SSA.

There is no requirement for [other] Local Research Ethics Committeas to be informed or for
site-specific assessment to be camried out at each site.

This Research Ethics Committee is an advisory committee to South East Coast Strategic Health Authority

The National Research Cthics Sarvice (NRCS) reprasents the NACS Directorate within
the Mational Patient Safety Agerncy and Research Ethics Cormmittees in England
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ariH1 102103

SAC S~

Conditions of approval

The favourable opinion is given provided that you comply with the conditions set out in the
altached document. You are advised to study the conditions carefully.

Approved doecuments

The final list of documents reviewed and approved by the Committee is as follows:

Docurmant Version Dats
Application 18 September 2007
Investigator CW
Protocol
Advertisement Poster

content for

GP surgeries
Response to Request for Further Information 13 February 2008
Protocol review checklist 1 01 February 2008
Letter to Inps 31 January 2008
Practice visit checklist 1 01 February 2008
Suggested wording for practice patient leafiet 2 01 February 2008
Practice poster 2 1 Fabruary 2008
Research agreemant for supply of THIN data subsets
sub licence agreameant
Data audit procedures
Scientific review of research

R&D approval

All researchers and research collaberators who will be paricipating in the research at NHS
sites should apply for R&D approval from the relevant care organisation, if they have not yet
done s0. R&D approval Is required, whether or not the study is exempt from S8A. You
should advise researchers and local collaborators accordingly.

Guidance on applying for R&D approval is available from

hitp: i rdforum.nhs.ukfrdform. htm.

Statement of compliance

The Committee is constituted in accordance with the Governance Arrangements for
Regearch Ethics Committeas (July 2001) and complies fully with the Standard Cperating
Procedures for Research Ethics Committees in the UK.

After ethical review

Maow that you have completed the application process please visit the National Research
Ethics Website > After Review

Here you will find links to the foflowing
a) Providing feedback. You are invited to give your view of the service that you have
received from the Mational Research Ethics Service on the application procedure, If
you wish to make your views known please use the feedback form avallable on the
website.
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07/H1102/103 Page 3

b) Progress Reports. Please refer to the attached Standard conditions of approval by
Research Ethics Committees.
c) Safety Reports. Please refer to the attached Standard conditions of approval by

Resgarch Ethics Committees,

d) Amendments. Please refer to the attached Standard conditions of approval by
Research Ethics Cammittees,

&) End of Study/Project. Please refer to the attached Standard conditions of approval
by Research Ethics Committees.

We would also like to inform you that we consult regularly with stakeholders to improve our
service, If you would like to join our Reference Group please email

relerenceproup@nationalres onzuk |

[ 07/H1102/1103 Please quote this number on all correspondence

With the Committee's best wishes for the success of this project

Yours sjRoer

PP Dr L. Alan Ruben
Chair
Email: nicki.watts@nhs.net

Enclosures: Standard approval condifions

Copy to:
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Appendix 2 (Chapter 3 — Systematic Review and Meta-analysis)

2.1. Search Terms

These databases were electronically search using the using keywords, mesh headlines and
terms as

“Diabetes Mellitus, Type 2/complications"[Mesh] OR "Diabetes Mellitus, Type 2/drug
therapy"[Mesh] AND "Diabetes Mellitus, Type 2/epidemiology”[Mesh] OR "Diabetes
Mellitus, Type 2/mortality"[Mesh] OR "Diabetes Mellitus, Type 2/prevention and
control"[Mesh] OR "Diabetes Mellitus, Type 2/therapy”[Mesh] AND "insulin regime" OR
"insulin schedule” OR insulin tim* OR "insulin itinerary” OR insulin us* OR insulin dose OR
"insulin administration” OR insulin quantit* OR "insulin shot" OR "insulin measure” AND
“cardiovascular disease" OR "heart disease" OR macrovascular OR cardio* OR "myocardial
infarction” OR MI OR stroke OR cerebrovascular OR cerebro* OR "major adverse
cardiovascular event" OR "major adverse coronary event" OR MACE OR "all-cause mortality"
AND “Randomized Controlled Trials”.

2.2. Risk of Bias Graph

Fandom sequence generation (selection bhias)

Allocation concealment (selection biasg)

Blinding of padicipants and personnel (performance hias)
Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition hias)

Selective repaorting (reporing hias)

Other bias

0% 25% 50% 75%  100%

.an tisk of hias DUncIearrisk of hias

Bl Hioh risk of hias
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2.3. Funnel plot showing the risk of publication bias (Egger’s test)
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This funnel plot shows Egger’s test of the risk of publication bias in the trials. As you can see,
the outcomes (shown by the different shapes) are spread within all parts of the funnel showing
that the risk of publication bias was low. If only significant results were published by the trials,
part of the funnel would have been sparse or empty and the outcomes would appear to have

mean relative risk closer to 1.0
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Appendix 3 (Chapter 5 — Metabolic Profile and CV/Metabolic Outcomes)

3.1. Mean follow-up BMI and mean coefficients of change in BMI compared to the normal BMI category

6 months 12 months 24 months 36 months 48 months 60 months
BMI categ_ories '\éllf/? P Coefff* I\gﬁ/? P Coefff* '\éﬁ; P Coefff* '\élﬁ/eli In Coefff* I\élﬁfll In Coefff* '\éﬁj‘ln Coefff*
at baseline (kg/m?) (95%Cl) (kg/m?) (95%Cl) (kg/m?) (95%Cl) (kg/m?) (95%Cl) (kg/m?) (95%Cl) (kg/m?) (95%ClI)
Normal 22.7 ref 23.3 ref 25.3 ref 26.2 ref 26.8 ref 28.2 ref
. -0.52 -0.77 -1.93 -2.52 -2.95 -3.72
Overweight 280 65 039) 283  (L096,-059) 292 (228-159) 290 (200,-214) 229 (335 -256) °0° (412 -331)
Obese -0.78 -1.38 -3.83 -4.88 -5.65 -6.59
Class | 32.6 (-0.90, -0.65) 32.5 (-1.56, -1.21) 324 (-4.17, -3.50) 32.3 (-5.25, -4.51) 2.2 (-6.04, -5.27) 32.7 (-6.99, -6.20)
Obese -1.03 -1.84 -4.94 -6.33 -7.66 -9.11
Class 11 3.0 (-1.17, -0.90) 36.8 (-2.03, -1.65) 36.0 (-5.30, -4.59) 35.7 (-6.72, -5.93) 3.1 (-8.07, -7.25) 35.2 (-9.53, 8.69)
Obese -1.33 -2.64 -6.92 -9.03 -11.18 -12.89
Class 111 43.7 (-1.48,-1.18) 43.0 (-2.85, -2.43) 4Ll (-7.32,-6.52) 40.0 (-9.47, -8.58) 38.5 (-11.6, -10.7) 38.4 (-13.4,-12.42)
LRT p-value** LRT p-value LRT p-value LRT p-value LRT p-value LRT p-value
<0.00001 0.00001 <0.00001 <0.00001 <0.00001 <0.00001

Abbreviations: BMI (body mass index) *Mean coefficient of change ion BMI compared to the normal BMI category **LRT (Likelihood Ratio Test) p-value showing the mean changes in BMI according to
baseline BMI categories p-value for trend <0.0001 for each follow up timeline
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Appendix 4 (Chapter 6 — Insulin vs GLP-1RA)

4.1. Mean change in HbAlc

Change in HbA1c
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Figure 4.1. Mean Changes in HbAlc (p-value > 0.005 all through the study timeline)

This figure shows the trend in mean changes in HbAlc level (%) between Met+SU+INS vs
Met+SU+GLP-1RA treatment groups in the incomplete dataset before multiple imputation.
This sensitivity analysis was conducted to check the robustness of the multiple imputation done

in the dataset.

When compared to Figure 6.3 (in the main text), one can see the robustness of the imputation

as both graphs showed same pattern, measures of effects and significance
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