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“The world is governed by chance. Randomness stalkes us every day of our lives.”

Paul Auster






ABSTRACT

Background and Aims: A number of modifiable risk factors — including glycated
haemoglobin (HbA1lc), low-density lipoprotein cholesterol (LDL-C) and blood
pressure — are important for the prognosis of type 2 diabetes (T2D). Lifestyle
changes and medications aimed at optimizing these risk factors are crucial
components of diabetes care. The objective of this thesis was to assess the
benefits and potential risks associated with pharmacological treatments in
patients with T2D as part of routine clinical practice.

Patients and Methods: This thesis includes four observational studies based on
data from the nationwide Swedish National Diabetes Register. Clinical
characteristics and risk factor control were analysed in a cross-sectional study of
an unselected sample of T2D patients (n1=163,121) in 2009. The effectiveness
and safety of various glucose-lowering agents were analysed in two cohort
studies, including a sample of drug naive T2D patients (n1=17,309) and a sample
of T2D patients that were stratified according to renal function (n=51,675).
Benefits and risks associated with aspirin treatment was analysed in T2D
patients who were free of cardiovascular disease (CVD) (n=18,640).

Results: The majority of patients with T2D had not reached the treatment goals
for HbAlc, LDL-C or blood pressure. New users of metformin showed a lower
risk of requiring treatment intensification with add-on treatment with a second
agent or a switch to a new agent than new users of sulphonylurea (SU) or
meglitinide when followed for up to 5.5 years. Metformin showed lower risks
for CVD, acidosis/setious infection and all-cause mortality than patients treated
with insulin, as well as a lower risk of all-cause mortality than patients treated
with other oral hypoglycaemic agents (OHAs) at 4 years follow-up. Similar
beneficial effects of metformin were seen in patients with renal impairment
(estimated glomerular filtration rate [eGFR] 45-60 ml/min/1.73 m?); metformin
was not associated with any increased risk of serious adverse events, even in
patients with low renal function (eGFR 30-45 ml/min/1.73 m?). Furthermore,
there wete no beneficial effects in terms of risks for CVD or mortality
associated with aspirin treatment in T2D patients with no established CVD who
were followed for 4 years.

Conclusions: The insufficient risk factor control that was seen in T2D patients
highlights the importance of continuing efforts to reach treatment targets.
Metformin was associated with superior glycaemic durability and lower risks for
serious adverse events, even in patients with mild to moderate renal impairment,
than other glucose-lowering agents. These results support the use of metformin



as a first-line agent and suggest that even more T2D patients could benefit from
it. The absence of beneficial effects associated with aspirin in T2D patients with

no established CVD supports more restrictive use for primary prevention of
CVD in patients with T2D.

Key wotds: Type 2 diabetes, pharmacoepidemiology, glucose-lowering agents,
aspirin, cardiovascular disease
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SAMMANFATTNING PA SVENSKA

Av de 382 miljoner personer som lever med diabetes runt om i virlden beriknas
ca 85-95% ha typ 2-diabetes. Typ 2-diabetes 4r en multifaktoriellt orsakad
sjukdom som karaktiriseras av flera olika rubbningar i kroppens fysiologi. Mest
centralt dr att kroppens celler utvecklar en minskad kinslighet f6r insulin. Detta
sker parallellt med att kroppens férmaga att producera insulin successivt
forsimras. Insulinbristen i kroppen resulterar bland annat i f6rhéjt blodsocker
och en ogynnsam kolesterolsammansittning. Typ 2-diabetes har en tydlig
koppling till livsstilsfaktorer s som &vervikt och fetma, men genetik och andra
miljéfaktorer bidrar ocksd till att sjukdomen uppstir. Personer med typ 2-
diabetes har en 6kad risk fér bland annat hjirt-kirlsjukdom och dod jimfort
med friska personer. Det beror delvis pd att typ 2-diabetes ofta upptrider
tillsammans med hégt blodtryck, lipidrubbningar, Svervikt och fetma som ocksé
Okar risken for hjirt-kirlsjukdom, men typ 2-diabetes i sig innebdr ocksa en
6kad risk. En av de viktigaste uppgifterna f6r diabetesvirden dr att, med hjilp av
livsstilsforindringar och likemedel, minska risken f6r hjirt-kérlsjukdom och
andra komplikationer.

Ett av milen med denna avhandling var att beskriva behandlingsresultaten f6r
patienter med typ 2-diabetes i Sverige. Ytterligare ett mdl var att utvidrdera
effekterna av olika likemedelsbehandlingar som syftar till att férebygga
komplikationer vid typ 2-diabetes. Detta gjordes genom att analysera
information frin Sveriges Nationella Diabetesregister (NDR). NDR ir ett
nationellt kvalitetsregister som startades 1996 i syfte att forbittra diabetesvarden
i Sverige. Antalet patienter med diabetes som ir registrerade i registret har Skat
kraftigt sedan starten. Ar 2009 beriknades registret innefatta ca 70 % av alla
patienter med diabetes i Sverige, och 2013 hade siffran stigit till ca 90 %.

Vi fann att en majoritet av patienter med typ 2-diabetes inte uppfyllde de
milvirden for blodsocker, blodtryck och kolesterol som anges i nationella
behandlingsriktlinjer. Bland patienter som pébérjade behandling mot hogt
blodsocker var valet av det forsta likemedlet relaterat till hur ling tid det tog
innan behandlingen behdvde trappas upp. De som fick behandling med
likemedlet metformin klarade sig lingst utan tilligg av andra likemedel eller
byte till ett nytt likemedel. Vilken typ av likemedel som anvindes mot hogt
blodsocker var ocksa relaterat till risken fér hjirt-kirlsjukdom, déd och andra
allvarliga komplikationer under en 4-drs period. De som fick behandling med
likemedlet metformin hade minskad risk f6r déd och alvarliga
sjukdomstillstind, sd som syraférgiftning och allvarliga infektioner, jaimfért med
de som behandlades med andra blodsockersinkande likemedel. De férdelaktiga



effekterna med metformin sigs dven hos patienter med en litt till mattligt sinkt
njurfunktion, patienter som i dagens behandlingsriktlinjer inte rekommenderas
behandling med metformin. Bland patienter med typ 2-diabetes som inte
tidigare drabbats av hjirt-kérlsjukdom var behandling med det blodpropps-
forebyggande likemedlet acetylsalicylsyra (trombyl) inte relaterat till nagra
fordelaktiga effekter under en 4-ars period. Behandling med acetylsalicylsyra hos
dessa patienter var relaterat till en 6kad risk f6r sjukhusvdrdskrivande
blédningar.

Sammantaget s visar resultaten att en stor andel patienter med typ 2-diabetes
inte uppfyllde de mélvirden f6r blodsocker, blodtryck och kolesterol som anges
i nationella behandlingsriktlinjer. Béttre méluppfyllelse av dessa riskfaktorer
skulle innebira betydande hilsovinster, bland annat genom minskad férekomst
av hjirt-kirlsjukdom. Resultaten ger stdd 4t dagens behandlingsriktlinjer, som
foresprikar metformin som foérstahandsval vid blodsockersinkande likemedels-
behandling vid typ 2-diabetes, och tyder pa att dven de med litt till mattligt
sinkt njurfunktion skulle ha nytta av likemedlet. Resultaten ger ocksa std at ett
mer restriktivt anvindande av acetylsalicylsyra i behandlingen av patienter med
typ 2-diabetes som dnnu inte drabbats av hjirt-kirlsjukdom.
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Pharmacological Treatment in Patients with Type 2 Diabetes: Benefits and Risks

T he prevalence of diabetes has increased rapidly over the past few
decades. In 2013, 382 million people were estimated to have diabetes,
corresponding to a prevalence of 8.3 % worldwide. Despite major
efforts to combat the epidemic, the number of people living with the disease
continues to rise and is set to increase by 55 % in less than 25 years. Type 2
diabetes (T2D) accounts for 85-95% of the cases.! The burden of non-
communicable diseases, including diabetes, is enormous. Such diseases represent
the leading health challenge of today, causing two out of every three deaths
wortldwide in 2010.2 The discovery and development of glucose-lowering drug
classes has accelerated over the last few decades, stimulated by the growing
prevalence of T2D and greater knowledge about its pathophysiology. The
overall objective of this thesis was to investigate benefits and potential risks
associated with pharmacological treatment in T2D patients as part of routine
clinical care.

PATHOPHYSIOLOGY OF TYPE 2 DIABETES

B-cell function and insulin sensitivity

T2D is a multifactorial disease characterized by hyperglycaemia as a result of
progressive insulin resistance and dysfunction of insulin-producing p-cells.? In
the human body, a feedback loop between P-cells and insulin-sensitive tissues
operates to closely regulate blood glucose levels.* The onset of T2D is preceded
by the gradual development of insulin resistance, primarily in the normally
insulin-sensitive hepatic, skeletal muscle and adipose tissues. ¢ As insulin
resistance declines, f-cells are commanded via the feedback loop to increase
their insulin secretion rate in order to maintain normal glucose tolerance.
Eventually, when the B-cells can no longer produce such large quantities of
insulin, hyperglycaemia occurs and the patient progresses to overt T2D.> The
progression to P-cell failure, which is vital in the development of T2D, is a
complex process involving many physiological pathways in various organs of the
body (see Figure 1).3. 6 This process typically continues for many years: at T2D
onset, more than 80 % of the P-cell function has already been lost.6 The
development of T2D is closely related to obesity, whose exponential rise over
the past few decades has paralleled the rapid increase in the prevalence of the
disease. Lifestyle factors are essential to understanding this epidemic, but genetic
variations are also important.

Genetic and environmental factors

The development of T2D is caused by a combination of genetic and
environmental factors. A combination of common clinical risk factors, such as
lipid profile, blood glucose, blood pressure and a family history of diabetes, has



Nils Ekstrom

been shown to effectively predict T2D risk in healthy individuals.” Genome-
wide association studies (GWASs) have identified a number of genetic loci
associated with T2D.8 As expected, many of these genes are involved in
physiological processes of insulin secretion and action.” 1 However, currently
available genetic information adds only marginal value to diabetes risk
prediction compared with knowledge of common clinical risk factors alone.!!-13

DIAGNOSTIC CRITERIA

The World Health Organization (WHO) diagnostic criteria for diabetes mellitus
are two consecutive values of fasting plasma glucose 27.0 mmol/L, ot a 2-hout
glucose value of 211.1 mmol/L after a 75 g oral glucose tolerance test, ot a
glycated haemoglobin (HbA1lc) value 26.5 % (48 mmol/mol).!4 15 WHO added
HbA1lc as a diagnostic criterion in 2011.1* HbAlc, which is a measure of long-
term glycaemic control, represents the average glycaemic level over the previous
few weeks or months.16

Pancreatic m
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e’ i\ _

Adipose

Kidney
Pancreatic f
alpha-cell .
&
A -‘,3'.' ‘ Skeletal-muscle .
—f tissue
Brain ¥

Figure I. Schematic illustration of organs in the human body that are involved in
the pathogenesis of type 2 diabetes (adapted from reference nr. 6).

DIABETES-RELATED COMPLICATIONS

T2D causes major morbidity and mortality, primarily as the result of long-term
macrovascular and microvascular complications. Macrovascular complications,
which are due to lesions in large vessels, include coronary heart disease (CHD),
stroke and peripheral vascular disease (PVD) — the three conditions are
collectively referred to as cardiovascular disease (CVD). Microvascular
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complications, which are caused by lesions in small vessels, include retinopathy,
nephropathy and neuropathy. Estimates based on data that are representative of
the U.S. population in 2010, showed an age-adjusted increase in the risk of acute
myocardial infarction (MI) by 2-fold, stroke by 1.5-fold, lower extremity
amputation by 10-fold and end-stage renal disease by 6-fold in patients with
diabetes compared to the general population '7 These results clearly demonstrate
that T2D patients are at high risk of developing vascular complications.

Clustering of cardiovascular risk factors

In addition to the strong association between T2D and obesity,!8 clustering of
other CVD risk factors in T2D patients has been known for quite some time.!”
In his Banting lecture of 1988, Reaven proposed a biological association
between insulin resistance, hyperinsulinemia, impaired glucose tolerance,
dyslipidaemia and hypertension, with insulin resistance and hyperinsulinemia as
the underlying causes.20 Clustering of these metabolic disturbances has received
further attention in the scientific and clinical communities, and the clinical
manifestation is now known as the metabolic syndrome.?- 22 The clinical value
of the metabolic syndrome construct has been questioned,?® partly due to
uncertainty about the presence of a single underlying cause. Still, clustering of
these physiological disturbances helps explain the very high CVD risk among
the T2D population. What is also important to remember is that T2D per se is a
strong risk factor for CVD.

Type 2 diabetes: an independent risk factor

Even after adjustment for traditional CVD risk factors, diabetes is associated
with a considerably increased risk of CHD,228 indicating that T2D is an
independent risk factor for CVD. Hyperglycaemia and insulin resistance appear
to play important roles in the development of CVD. The activation of damaging
signalling pathways via increased mitochondrial reactive oxygen species (ROS)
production has been proposed as a possible way that insulin resistance
participates in the development of CVD.2.30 Several studies have established a
positive association between glycaemia and CVD risk in both the non-diabetic
and diabetic populations.31-33 Furthermore, recent Mendelian randomization
studies®* have shown both observational and genetic measures of glycaemia to
be associated with increased risks for carotid intima media thickness and
CHD,*. 36 indicating a causal relationship between glycaemia and CVD.
Similarly, several studies have reported a strong positive association between
glycaemia and the risk of microvascular disease.’’3 Activation of the damaging
signalling pathways thought to be involved in the development of CVD,
including increased ROS production, appears to be important in the
development of microvascular disease as well. However, hyperglycaemia (rather
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than insulin resistance) seems to be the key factor in triggering this process
during the development of microvascular disease.2%30

RISK FACTOR CONTROL

Optimization of modifiable CVD risk factors with lifestyle changes and
pharmacological treatment is a key component of diabetes care. Lifestyle
modifications have been shown to be efficacious in preventing the development
of T2D in high-risk individuals.*-43 More recently, the Look AHEAD (Action
for Health in Diabetes) trial randomized 5,140 overweight or obese T2D
patients to either intensive lifestyle changes aimed at weight loss or diabetes
support and education. Despite less use of medication, the intensive lifestyle
group achieved significantly greater weight loss and lower HbAlc levels, as well
as initial improvements in blood pressure and lipid profile, than the control
group during a mean follow-up period of 9.6 years.** Despite these beneficial
effects, there was no significant difference in the incidence of CVD between the
groups. In addition to lifestyle changes, pharmacological treatment is crucial to
achieving good risk factor control and ultimately to preventing complications of
T2D.

Glucose control

Intensive glycaemic control aimed at achieving glucose levels near the
normoglycaemic range reduces the risk of microvascular complications.*>50
Whether intensive glycaemic control is also effective in reducing the risk of
macrovascular complications is less clear.5'53 In the United Kingdom
Prospective Diabetes Study (UKPDS), launched in 1977, 4,209 newly diagnosed
T2D patients were randomized to either intensive or conventional glucose
control. At 10-year follow-up, patients who received intensive glucose control
had a significantly lower risk of microvascular complications and a non-
significant trend towards reduced risk of ML In a 10-year observational
follow-up study, the beneficial effects of intensive glucose control on
microvascular complications were shown to have been sustained. Patients
randomized to intensive glucose control also showed reduced risks for MI and
all-cause mortality, despite a rapid convergence of glucose levels in the two
groups after the original trial.#’

The results of the UKPDS spurred the launch of three new large randomized
controlled trials (RCTs) to evaluate the effects of intensive glucose control:
Action to Control Cardiovascular Risk in Diabetes (ACCORD),5* Action in
Diabetes and Vascular Disease: Preterax and Diamicron Modified Release
Controlled Evaluation (ADVANCE),* and Veterans Affairs Diabetes Trial
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(VADT).5> None of the trials were able to confirm a beneficial effect of
intensive glucose control on macrovascular events, as suggested in the UKPDS.
In fact, the ACCORD study had to be discontinued eatly due to an increased
risk of all-cause mortality and CVD mortality in the group assigned to intensive
glucose control. Interestingly, MI was less frequent in the intensive therapy
group both during the active treatment period and after another 1.2 years of
post-trial follow-up in the ACCORD.5 In contrast to the UKPDS, ACCORD,
ADVANCE and VADT included patients with long diabetes duration and high
percentages of established CVD. The results of these large trials indicate varying
risk-benefit ratios of intensive glucose control among subgroups of the T2D
population. As a result, Swedish and international treatment guidelines
recommend a personalized treatment strategy that enables intensive glucose
control in patients with relatively short diabetes duration and without
established CVD, and less strict control in high-risk patients.>¢ 57

Other risk factor control

The results of several RCTs have demonstrated a clear benefit of blood
pressure-lowering agents for the risk of CHD events, stroke and nephropathy in
patients with T2D and hypertension regardless of the presence of CVD.#%. 5862
Similarly, a number of RCTs have demonstrated beneficial effects of lipid-
lowering treatment with statins on the risk of CVD events in T2D patients both
with and without established CVD.365> When it comes to prevention of CVD
with antiplatelet agents, a low dose of aspirin has proven beneficial in T2D
patients with established CVD, resulting in cardiovascular risk reductions that
clearly outweigh the increased risk of bleeding.% 7 In T2D patients without
established CVD, the evidence of a beneficial effect of aspirin is sparset® and
current treatment guidelines vary in their recommendations.®: 7 The trend
during the past few years has been towards a more restrictive approach, either
limiting the recommendation of primary prevention with aspirin to T2D
patients at high risk or not suggesting it at all. The general view was different in
2008, when international treatment guidelines recommended the use of aspirin
as a primary prevention strategy in all T2D patients over the age of 40.7% 72
Despite the more restrictive approach these days, U.S. guidelines still
recommend aspirin for primary prevention of CVD in patients at high estimated
CVD risk; even approximately one-quarter of Swedish T2D patients without
established CVD are treated with aspirin.”

Global risk factor control

In the STENO-2 study, patients with T2D and microalbuminuria were
randomized to either conventional treatment or intensive multi-factorial
interventions targeting multiple modifiable CVD risk factors simultaneously.
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Interventions in the intensive arm included behavioural modification and
pharmacological ~ treatment  targeting  hyperglycaemia,  hypertension,
dyslipidaemia, microalbuminuria and secondary CVD prevention with aspirin.
Patients who received intensive therapy had a significantly lower risk of CVD,
nephropathy, retinopathy and autonomic neuropathy than patients who received
conventional therapy.’* After another 5.5 years of observational follow-up, the
beneficial effects of the intensive therapy were shown to have been sustained,
and patients who had originally been randomized to the intensive arm also
showed significantly reduced risks for all-cause mortality and CVD mortality.”

GLUCOSE-LOWERING AGENTS

The discovery and development of glucose-lowering drug classes has accelerated
over the past few decades (see Figure 2), stimulated by the growing prevalence
of T2D and greater knowledge of its pathophysiology. All available drug classes
effectively target hyperglycaemia, typically lowering HbAlc by 0.5-1.5
petcentage points (5.5-16.5 mmol/mol).5” However, because of the progressive
nature of T2D,7 treatment intensification such as adding a second glucose-
lowering agent or switching to a more potent agent is often required to maintain
acceptable HbAlc levels over time.””. 78 This gradual decline in the effectiveness
of glucose-lowering agents has been called secondary drug failure or
monotherapy failure.””. 7
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Figure 2. Number of available glucose-lowering drug classes.
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Effects on complications

The mode of action of the various agents differs; aside from their glucose-
lowering effects, they have distinct properties, including impact on body weight
and risk of hypoglycaemia.® 5 This can translate into differing effects in terms
of important clinical outcomes. Most of the large RCTs that investigate the
effects of intensive glycaemic control have not been designed to compare
individual glucose-lowering agents. As a result, knowledge about the
comparative effectiveness of specific agents is sparse. However, in a sub-study
of the UKPDS, 1,704 overweight or obese patients with newly diagnosed T2D
were randomized to intensive therapy with metformin (n=342), insulin (n=409)
or sulfonylurea (SU) (n=>542), or to conventional therapy that focused on diet
(n=411) with mean follow-up of 10.7 years. The results showed significantly
greater risk reduction of any diabetes-related outcome, diabetes-related mortality
and all-cause mortality for intensive therapy with metformin than for
conventional therapy. Furthermore, intensive therapy with metformin showed
significantly greater risk reduction of any diabetes-related outcome, all-cause
mortality and stroke than with insulin or SU.80

Glycaemic durability

The gradual decline in the effectiveness of glucose-lowering agents over time
has also attracted attention. A Diabetes Outcome Progression Trial (ADOPT)
compared the incidence of monotherapy failure in 4,360 drug naive patients
with T2D randomized to rosiglitazone, metformin or glyburide’” Glycaemic
durability differed significantly among the agents; the cumulative incidences of
monotherapy failure at 5-year follow-up were 15 % for rosiglitazone, 21 % for
metformin and 34 % for glyburide.

Treatment guidelines

In view of the above, Swedish and international treatment guidelines
recommend metformin as the first-line agent in T2D patients. These
recommendations are based on the results of a handful of clinical trials,
primarily the UKPDS sub-study.5¢ 57 Thus, international organisations have
emphasized the need for comparative effectiveness research to evaluate and
compare several different glucose-lowering agents.5?

Metformin and risk of lactic acidosis

Metformin is thought to increase the risk of lactic acidosis, a potentially fatal
condition. For that reason, metformin is contraindicated in patients at particular
high risk of developing lactic acidosis, mainly those with impaired renal
function.56. 5. ¢ Phenformin, a glucose-lowering drug in the same class as
metformin, was pulled from the market because it was associated with a
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substantially increased incidence of lactic acidosis. There is only sparse evidence
of an increased risk of lactic acidosis due to metformin. In fact, a large meta-
analysis of trials that compared metformin to non-metformin glucose-lowering
drugs or placebo showed similar incidences of lactic acidosis in patients who
were or were not treated with metformin.8! However, the effects of metformin
in patients at high risk of developing lactic acidosis have not been thoroughly
studied.

COMPARATIVE EFFECTIVENESS RESEARCH

Comparative effectiveness research, in which two or more groups are weighed
against each other, can be broken down into experimental studies and
observational studies. In experimental studies, the investigator assigns exposure.
This is the main difference between experimental studies and observational
studies, for which exposure has already been assigned and the investigator
observes only what happens to those with different exposure. An RCT is a type
of experimental study in which exposure is assigned by randomization.®? When
scrupulously conducted, an RCT has very high internal validity, i.e. it measures
what it set out to do, and is therefore regarded as the gold standard for clinical
study design.8? 8 Assuming that the study sample is large enough,
randomization of participants to one of the various treatments balances both
known and unknown covariates between the groups.®2 This is a unique
advantage of RCTs over non-randomized trials and observational studies.

In observational studies, the groups that are being compared often differ in a
number of ways beyond the exposure status, which may lead to confounding.
Confounding, which is a mixing of effects, arises when one tries to relate an
exposure to an outcome, but actually measures the effect of a third factor (a
“confounding variable”). A confounding variable is defined as being associated
with both exposure and outcome even though it is not an intermediate link in
the chain of causation between the two (see Figure 3).8> The very high internal
validity of an RCT is related to strict selection criteria and close monitoring of
participants. For that reason, RCTs have been criticised for having inadequate
external validity: the extent to which the results can be generalized to routine
clinical practice.®? A recent study that investigated the generalizability of 7 large
RCTs of glycaemic control found the external validity of the trials to be limited.
The proportion of Scottish patients with T2D who met the eligibility criteria of
the trials ranged from 3.5 % to 50.7 %.%¢ It may also be impossible to conduct
an RCT on ethical or financial grounds.®” In view of these considerations,

observational studies have been emphasized as an important compliment to
RCTSs.88
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Figure 3. Schematic description of a
c confounding factor (C) in the relationship
between variables A and B.

A B

SUMMARY

To summarise the central arguments of this introduction, T2D is a multifactorial
disease characterized by hyperglycaemia as the result of progressive insulin
resistance and impaired B-cell function. T2D is an independent risk factor for
CVD but is also associated with other important CVD risk factors, such as
dyslipidaemia and hypertension. Thus, T2D patients are at high risk of
developing CVD, as well as microvascular complications such as retinopathy,
nephropathy and neuropathy. Lifestyle changes and medications aimed at
optimizing these risk factors have proven effective and are fundamental
components of diabetes care. For optimal drug utilisation, information obtained
from RCT's — as well as data on the effectiveness and safety of various drugs and
treatment strategies in a routine clinical setting — is needed.
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AIMS

The overall objective of this thesis was to investigate benefits and potential risks
associated with various pharmacological treatments and treatment strategies in
T2D patients who are representative of routine clinical care. The specific aims
included analysing:

®  clinical characteristics, risk factor control and the prevalence of
diabetes complications in an unselected nationwide sample of

T2D patients (study I)

*  durability of monotherapy with the most commonly used oral
glucose-lowering agents in drug naive T2D patients (study II)

" cffectiveness and safety of metformin in T2D patients with
various levels of renal function (study I1I)

" benefits and risks associated with aspirin treatment in T2D
patients with no established CVD (study 1V)

11
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PATIENTS AND METHODS
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T his chapter describes the data sources and methods that were used in
the studies. The chapter is divided into five sections. The first section
describes the data sources that were used. The second section discusses
cthical considerations. The third and fourth sections review study design,
participants, exposures and outcomes. The fifth section describes the statistical
methods that were used. Methodology is not fully covered in this chapter. For a
more comprehensive overview, refer to the material and methods sections in

studies I-IV.

DATA SOURCES

All studies included information from the Swedish National Diabetes Register
(NDR), the Hospital Discharge Register, the Cause of Death Register and the
Prescribed Drug Register, all of which are kept by the Swedish National Board
of Health and Welfare (NBHW). Study II also included information about
educational level, which was obtained from the Longitudinal Integration
Database for Health Insurance and Labour Market Studies (LISA) kept by
Statistics Sweden.

SWEDISH NATIONAL DIABETES REGISTER

The Swedish Society for Diabetology launched the NDR in 1996 as a tool for
local quality control of diabetes care and benchmarking against national
treatment guidelines.?? Doctors and nurses at participating primary health care
centres and outpatient clinics report information about diabetes patients at least
once a year, either online or by direct transmission of data from databases of
medical records. The information includes patient clinical characteristics, results
of laboratory analyses and the presence of complications. Reporting to the NDR
is optional, but some regions encourage healthcare centres to do so. For
example, Vistra Goétaland offers financial reimbursement. In 2004, the validity
of data from the NDR was analysed from a sample of 1,017 patients treated at
outpatient clinics using capture-recapture methodology. Verification against
clinical records showed that 94 % of entries in the NDR were valid.?

Coverage in the National Diabetes Register

The number of healthcare units that report to the NDR has grown steadily since
its establishment in 1996, which has led to a dramatic increase in the number of
patients entered (see Figure 4). During the past few years, the increase has
begun to level off. In the 2009 report on public health in Sweden, published by
the NBHW, 365,000 Swedes were estimated to have diabetes.9! This
approximation yields a prevalence estimate of about 4 %. Similar prevalence
estimates have been reported previously.”% Assuming a diabetes prevalence of
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4 %, the NDR included approximately 70 % in 2009 and 90 % in 2013. Similar
estimates have been obtained when comparing all patients who filled a
prescription for glucose-lowering agents during a specific period as entered in
the Prescribed Drug Register with those entered in the NDR 7

Number
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T T T T T
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Primary ealtnoare  mauf@pems HOSPital outpatient —— Total Year

centers clinics

Figure 4. Number of patients entered in the Swedish National Diabetes Register
between 1996 and 2013 by care provider (adapted from reference nr 71).

Diabetes diagnosis

In Sweden the WHO diagnostic criteria are used to diagnose diabetes;!% 15
patients entered in the NDR have been diagnosed accordingly. However,
HbA1lc has been accepted as a diagnostic criterion only since January 2014. As a
result, HbAlc has not been used in the diagnosis of patients included in the
studies covered by this thesis. The epidemiological definition of T2D used in
the studies was treatment with diet only, oral hypoglycaemic agents (OHAs)
only or age of onset = 40 and treatment with insulin alone or combined with
OHA.

REGISTERS KEPT BY THE NATIONAL BOARD OF HEALTH AND
WELFARE AND STATISTICS SWEDEN

The Hospital Discharge Register, which is part of the National Patient Register,
has had complete nationwide participation since 1987. It includes information
about diagnoses, surgical and non-surgical procedures and length of
hospitalization. Several validation studies, primarily by means of patient chart
reviews, indicate reasonably valid data with positive predictive values of 85-95 %
for most diagnoses.”” The Cause of Death Register, which was established in
1961, contains information about causes of mortality and dates of death for
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everyone in the population register.”® The Prescribed Drug Register, which was
established in 2005, contains information about all prescriptions that have been
filled 9 LISA has kept annual registers since 1990 for everyone age 16 or older
who was in the population register each year. LISA includes information about
socioeconomic variables, such as educational level, and is kept by Statistics
Sweden.100

LINKAGE OF NATIONAL REGISTER DATA

Sweden’s unique 12-digit personal identity number was used to merge data from
various national registers. Following approval by the Regional Ethical Review
Board, a file containing NDR data was sent to the NBHW and Statistics
Sweden. After they had each approved, data were merged by matching personal
identity numbers. Once the process was complete, all of the data were sent back
to us with a new unique but anonymous number for each patient (see Figure 5).

Complete dataset Hospital Discharge

Register

Cause of Death

o Register
NDR Personal identity
number
Prescribed Drug
Register
LISA

Figure 5. Schematic description of how data from the various national registers
were linked using Sweden’s unique personal identity number. Abbreviations: NDR:
Swedish National Diabetes Register; LISA: Longitudinal integration database for
health insurance and labour market studies

ETHICAL CONSIDERATIONS

The overall aim of this thesis was to gain a greater understanding of the benefits
and risks associated with various drugs and treatment strategies for T2D. Such
knowledge would enable more efficient use of available drugs and ultimately
lead to improved health for the great majority of people with T2D. One could
also speculate about potential social and economic benefits resulting from lower
health care costs and less sick leave. We thought that the available data offered a
unique opportunity to gain reliable knowledge about these important clinical
questions. The primary potential risks were violation of personal privacy, as the

16
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studies did not include any interventions that could be medically dangerous. All
patients approved entry in the registers after being informed that their data
could be used for research, but they did not give specific informed consent for
these studies. However, all studies were conducted at the group level and
patients were de-identified. Thus, the risk of violating personal privacy was
considered very small. The studies included very large numbers of patients.
Obtaining written informed consent from all of them would have required so
much work as to render the studies impossible to conduct or seriously
compromised their quality due to large dropout and non-response rates.

STUDY DESIGN

All studies included in this thesis are observational in nature. Study I has a cross-
sectional design for which all information was collected in 2009, providing a
snapshot of the T2D population at that point. Studies II-IV have a cohort
design. Cohort studies are longitudinal and include information pertaining to
more than one point in time. The occurrence of an outcome is measured in one
or several cohorts over time.'0! Studies II-1V all have an exposure-based cohort
design for which entry was based on exposure to various medications. To
ensure that the medications under consideration had been taken on more than
an occasional basis, prescriptions needed to have been filled repeatedly within a
specific period of time for patients to be regarded as having been exposed.
Covariates were assessed prior to cohort entry, and follow-up for outcome
occurrence started after the requirements for entry had been fulfilled. In studies
IIT and IV, an intention-to-treat (ITT) design, which retains the initial exposure
status and disregards changes in treatment status over time,!92 was used. Thus,
all outcomes during follow-up were attributed to the treatment initially intended
even if it had changed prior to the outcome event. In study 1I, the outcome
under consideration consisted of changes in treatment. Thus, follow-up of a
particular patient was terminated when such a change occurred. This is
sometimes referred to as an ‘as-treated design’.102

PARTICIPANTS, EXPOSURE AND OUTCOME

This section describes the selection of participants, as well as the definitions of
exposure and outcome in studies I-IV. An overview of the characteristics of
studies I-IV can be found in Table 1.

STUDYI

This study was designed to analyse clinical characteristics, risk factor control and
the prevalence of diabetes complications among Swedish T2D patients in 2009.

17
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Participants

All T2D patients entered in the NDR in 2009 were eligible for inclusion in the
study. Patients with non-pharmacological treatment and those on the 12 most
common pharmacological regimens were included (n=163,121).

Exposure

The absence of pharmacological glucose-lowering treatment, or at least six
months of a continuous pharmacological glucose-lowering regimen, during the
study period (2009) was required for cohort entry. Six months of continuous use
was defined as prescriptions having been filled on at least two occasions with a
maximum of 125 days between them.

Outcome

The outcome was the probability of having an HbAlc level of =<7.0 %
(53.0 mmol/mol). Information about HbAlc was obtained from the NDR.

StUuDYII

This study was designed to analyse glycaemic durability associated with various
classes of OHAs.

Participants

Drug naive T2D patients age 18-85 who were entered in the NDR between
1 July 2005 and 31 December 2011 and started on an OHA in monotherapy
between 1 July 2006 and 31 December 2010 were eligible for inclusion in the
study cohort. The number of patients who had started on newer classes of
glucose-lowering agents was small. Thus, this study was restricted to patients
who were being treated with metformin (n=16,061), SU (n=1,026) or
meglitinide (n=222), the most commonly used agents.

Exposure

At least 12 months of continuous use with the prescribed glucose-lowering
agent was required for cohort entry. Twelve months of continuous use was
defined as prescriptions having been filled on at least three occasions during the
period. Once a patient was included in the cohort, having filled a prescription at
least once every 180 days was required to be classified as a continuous user.

Outcomes

The included patients were followed from baseline until the occurrence of an
outcome event, death or otherwise until end of the study period in 31
December 2011. The mean follow-up was 2.6 years. The primary outcome was
time to monotherapy failure. Monotherapy failure was defined as
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discontinuation of continuous use with the initial agent, switch to a new agent
or add-on treatment with a second agent. Discontinuation was defined as a gap
of >180 days between two prescription fills. This criterion was chosen on the
basis of clinical experience, pharmacological knowledge and previous science. A
period of 180 days corresponds to twice the daily supply of an ordinary
prescription, which was considered to be a reasonable cut-off point for
continuous treatment in a recent validation study of persistence and durability in
diabetes treatment '03 Switch was defined as discontinuation of the initial agent
while starting on a new glucose-lowering agent within 180 days after the last
time that the prescription for the initial agent was filled. Add-on was defined as
starting on a second glucose-lowering agent while treatment with the initial
agent continued. Secondary outcomes were the individual components of
monotherapy failure: discontinuation of continuous use of the initial agent,
switch to a new agent and add-on of a second agent.

StuDY III

This study was designed to analyse the effectiveness and safety of metformin in
Y g y y
patients with various degrees of renal function.

Participants

All T2D patients age 40-85 who were entered in the NDR between 1 July 2004
and 31 December 2007 and had started on pharmacological glucose-lowering
treatment before 2007 were eligible for inclusion.

Exposure

At least 12 months of continuous use of the prescribed glucose-lowering agent
were required for cohort entry. Twelve months of continuous use was defined
as having filled prescriptions at least three times during the period.

Outcomes

The included patients were followed from baseline until the occurrence of an
outcome event, or otherwise, until censor date of 31 December 2010. The mean
follow-up was 3.9 years. Outcomes were time to an event of CVD, or an event
of a composite of acidosis and serious infections or an event of all-cause
mortality. Information about CVD events and events of acidosis/setious
infection was obtained from the Hospital Discharge Register, while information
about all-cause mortality was obtained from the Cause of Death Register. CVD
was defined as MI, angina pectoris, intracerebral haemorrhage, cerebral
infarction, unspecified stroke, PVD, percutaneous coronary intervention (PCI)
or coronary artery bypass grafting (CABG), whichever occurred first.
Acidosis/serious infection was defined as acidosis, shock, serious infections ot
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acute renal failure. We constructed this composite endpoint since these
conditions are frequently associated with lactic acidosis. The specificity of this
measure, however, is probably low, and many events of the composite endpoint
of acidosis and serious infections were probably not cases of lactic acidosis. A
fatal event was defined as having been followed by death within 28 days.

STUuDYIV

This study was designed to analyse benefits and risks associated with aspirin
treatment in T2D patients with no established CVD.

Participants

All T2D patients age 30-85 who were entered in the NDR between 1 July 2005
and 30 June 2006 and had not been hospitalized for CVD, cancer or
haemorrhages were eligible for inclusion. Five-year risk of CVD was estimated
using the NDR risk model,'® based on 12 predictors at baseline in 2006. All

patients were assigned to one of two subgroups based on high (=15 %) or low
(<15 %) five-year CVD risk.

Exposure

The absence of aspirin treatment, or at least 12 months of continuous use of
75 mg of aspirin daily, was required for cohort entry. Twelve months of
continuous use was defined as having filled prescriptions at least three times
between 1 July 2005 and 30 June 20006.

Outcomes

The included patients were followed from baseline until the occurrence of an
outcome event, or otherwise until censor date 31 December 2009. The mean
follow-up was 3.9 years. Outcomes were time to an event of CVD, CHD or
haemorrhages. Non-fatal CHD was defined as MI, PCI or CABG that did not
lead to death. Fatal CHD was defined as ischaemic heart disease that led to
death. Non-fatal or fatal stroke was defined as cerebral infarction or
intracerebral haemorrhage. CVD was a composite of CHD or stroke, whichever
occurred first. Outcomes of haemorrhages included non-fatal or fatal
intracerebral haemorrhage, ventricular haemorrhage and other haemorrhage (a
composite of unspecified and respiratory bleeding). The outcome of total
haemorrhages, which included all three outcomes, was also constructed.
Information about all events was obtained from the Hospital Discharge Register
or the Cause of Death Register.
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Table I. Overview of the characteristics of studies |-IV

Study | Study I Study Il Study IV
Study design  Cross-sectional Cohort Cohort Cohort
Study period 2009 2005-2012 2005-2011 2005-2010
Exposure Glucose-lowering  Glucose-lowering  Glucose-lowering Aspirin or no aspirin
treatment treatment treatment
Baseline Age, gender, BMI, Age, gender, BMI, Age, gender, BMI, Age, gender, BMI,
variables physical activity,  physical activity,  physical activity, physical activity,
smoking status, educational level, smoking status, smoking status,
diabetes duration smoking status, diabetes duration diabetes duration
diabetes duration
HbA1c, blood HbA1c, blood HbA1c, blood lipids, HbA1c, blood lipids,
lipids, BP, s- lipids, BP, s- BP, s-creatinine, BP, s-creatinine,
creatinine, eGFR, creatinine, eGFR, eGFR, eGFR,
microalbuminuria microalbuminuria  microalbuminuria microalbuminuria
History of CVD or History of CVD, Previous Previous
CHD CHF or AF hospitalization and  hospitalization
history of CVD, CHF
or serious infections
Treatment with Treatment with Treatment with Treatment with
antihypertensive or antihypertensive  antihypertensive glucose-lowering
lipid-lowering agents, lipid- agents, lipid-lowering agents,
agents lowering agents,  agents, aspirin, antihypertensive
aspirin or cardiac glycosides or agents, lipid-
psychiatric agents organic nitrates or lowering agents or
or MDDD use MDDD use oestrogen or MDDD
use
Outcomes HbA1c <7.0% Monotherapy Total mortality Total mortality
failure CVD CVD
Infections/acidosis  Haemorrhages
Statistics GLM Student’s t-test ANOVA Student’s t-test
Generalized linear ¥’ test Logistic regression  x” test
model GLM OLS regression GLM
Cox-regression Cox-regression Cox-regression
propensity score  propensity score Propensity score
Patients 163,121 69,667 51,675 18,646
(n)
Mean follow-up - 2.6 3.9 3.9
(Years)
Person years - 181,134 201,533 72,719

(n)

Abbreviations: HbAlc: glycated haemoglobin; BMI: body mass index; BP: blood pressure; eGFR:

estimated glomerular filtration rate; CVD: cardiovascular disease; CHD: coronary heart disease; CHF:

congestive heart failure; MDDD: multi-dose drug dispensing; ANOVA: analysis of variance; GLM: general

linear model; OLS regression: ordinary least squares regression
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STATISTICAL METHODS

This section describes the statistical methods used in the studies. The methods
employed specifically to control for confounding are described in general terms,
followed by a more comprehensive review of the statistical analyses used in each
study.

METHODS OF CONTROLLING FOR CONFOUNDING

The studies contained information about numerous covariates that described
patients in terms of demographics, risk factors, laboratory results, comorbidity
and treatment-related variables. In studies I-IV, multivariate techniques were
used to control for confounding by all of the variables simultaneously.85 Only
patients with complete records of all covariates were included in the multivariate
analyses. This is a way of handling missing data that is sometimes referred to as
complete case analysis or available case analysis.!0>

Multivariate Cox proportional hazards models

Cox proportional hazards model is a semi-parametric test that describes the
relationship between time to occurrence of an event and a set of covariates.
Covariates are variables that may affect survival time. Cox proportional hazards
models allow the simultaneous inclusion of several covariates and offer
independent estimates of effect strength for each covariate.1% Cox proportional
hazards models were used in studies II-IV.

Propensity score

A propensity score can be used to balance numerous covariates in two groups.
The propensity score, which is calculated for each individual in a particular
study, is defined as the conditional probability of being exposed to a treatment,
etc., given the individual’s covariates. In order to estimate the score, the
distribution of the exposure indicator variable must be modelled on the basis of
observed covariates. Once estimated, the score can be used to balance
covariates in the two groups through matching, stratification or regression
adjustment.!0” Propensity scores were used for adjustment in studies II-IV.

Effects of unknown covariates

Unmeasured confounders may affect the results of observational studies if they
are unrelated to, or not fully accounted for by, the covariates included in the
regression model. The available model, including the exposure indicator variable
and measured covariates but not unmeasured covariates, can be used to draw
inferences about the true exposure effect. This is done by specifying the
distribution of the unmeasured confounder in the exposed and unexposed
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groups, along with the magnitude of effects of the unmeasured confounder on
the outcome variable.1%® The effects of an unknown covariate were estimated in
studies IT and TV.

STATISTICAL METHODS IN THE STUDIES

All statistical analyses were performed using SAS statistical software version 9.2
or 9.3 (SAS Institute, Cary, NC, USA), JMP Version 11.0, SPSS V.18 (SPSS Inc.)
or R (R Foundation for Statistical Computing). A two-sided p value <0.05 was
considered statistically significant.

Baseline characteristics were compared among multiple groups using general
linear model (GLM) (study 1) or using analysis of variance (ANOVA) for
continuous variables and logistic regression for categorical variables (study I1I).
Baseline characteristics were compared between two groups using student’s t-
test for continuous variables and the %2 test for categorical variables (studies 11,

V).

Propensity scores were estimated using boosted CART'? (study I1I) and logistic
regression (studies II, IV). Baseline characteristics were then compared using
GLM (studies 1I, IV) or logistic regression and ordinary least squares (OLS)
regression (study III) adjusted by stratification for quintiles (study II), octiles
(study 1) or deciles (study IV) of the propensity score. Variables included in
the propensity score were age; gender; diabetes duration; HbAlc; body mass
index (BMI); estimated glomerular filtration rate (eGFR); history of CVD,
congestive heart failure (CHF) or (atrial fibrillation) AF; educational level; use of
psychiatric agents; and multi-dose drug dispensing (study 1I); age, gender,
diabetes duration; HbAlc; non-high-density lipoprotein cholesterol (HDL-C);
BMI; smoking status; eGFR; multi-dose drug dispensation; previous
hospitalization; history of CVD or CHF; microalbuminuria; and treatment with
antihypertensive agents, lipid-lowering agents or cardiac glycosides (study III);
age; gender; diabetes duration; previous hospitalization; HbAlc; BMI; systolic
blood pressure; smoking; ratio of total-to-HDL-C; microalbuminuria; type of
glucose-lowering treatment used; use of statins; other lipid-lowering agents;
antihypertensive agents; oestrogen and multi-dose drug dispensation (study IV).

Cox regression models were used to estimate hazard ratios (HR) with 95 %
confidence intervals (CI) for all outcomes (studies II-1V). Propensity scores
were used for adjustment in the Cox regression analyses by stratification for
quintiles (study II), octiles (study IlI) and deciles (study 1V) of the score. In
study 11I, HRs for all outcomes were also estimated in subgroups with various
eGFR intervals, subject to conventional covariance adjustment with the
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covariates that were included in the propensity score. Treatments with
metformin, insulin or other OHAs in any combination were compared with all
other glucose-lowering treatments.

The effect of various distributions of a hypothetical unmeasured confounder
with HR 2.0 (study 1I) and HR 1.3 (study IV) for all outcomes in the exposed
and unexposed groups was quantified.1

Odds ratios (ORs), not HR which was incorrectly stated in study I, of having
HbAlc =7.0 % was analysed using generalized linear model, unadjusted and
adjusted for age, gender, diabetes duration, BMI, eGFR, history of CVD,
smoking status, physical activity =3 hours per week, and treatment with
antihypertensive or lipid-lowering agents (study I).
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RESULTS AND DISCUSSION
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his chapter consists of four sections. In the first section the main

findings of the studies are presented and discussed. The second section

contains a general discussion about methodological aspects of the
studies. In the third section, clinical implications of the findings are discussed.
The fourth section covers future perspectives.

STUDY 1

This is a nationwide cross-sectional study that analysed clinical characteristics,
risk factor control and the prevalence of diabetes complications among T2D
patients with non-pharmacological treatment, as well as the most commonly
used pharmacological glucose-lowering treatment regimens.

Distribution of treatments

Of the 108,618 patients with the most commonly used pharmacological
regimens, 38.5 % were treated with metformin alone, 6.4 % with SU alone,
15.5 % with metformin + SU, 3.4 % with metformin + meglitinide, 5.9 % with
metformin + insulin NPH, 7.0 % with metformin + pre-mixed insulin (PMI),
2.1 % with SU + PMI, 2.2 % with metformin + SU + insulin NPH, 3.2 % with
metformin + direct-acting insulin (DAI) + insulin NPH, 4.7 % with DAI +
insulin glargine, and 6.3 % with PMI alone. In addition, 54,503 patients were
treated non-pharmacologically.

Based on the results of clinical trials,#7 80 Swedish and international treatment
guidelines recommend metformin as the first-line agent in T2D patients without
contraindications.’¢: 57 The results of the present study showed that the vast
majority of patients on pharmacological regimens (72.3 %) were treated with
metformin alone or in combination with other agents. This indicates good
penetration of treatment guidelines in routine clinical care. Data on glucose-
lowering drug prescriptions for adults filled by U.S. retail pharmacies have
shown a 97 % increase in metformin use between 2003 and 2013. Still, only half
of American diabetes patients were prescribed metformin in 2012.110

Clinical characteristics

The results showed significant differences in both clinical characteristics and
HbAlc levels achieved between the groups (Table 2). Patients with non-
pharmacological treatment had the shortest diabetes duration, the lowest
proportion of microalbuminuria and the least frequent use of antihypertensive
and lipid-lowering agents. Patients on metformin, particularly in monotherapy,
had shorter diabetes duration, higher eGFR and lower prevalence of CVD and
CHD than the other groups with pharmacological treatment. Almost all groups
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with insulin-based treatment regimens had mean diabetes duration longer than
10 years and relatively high HbAlc levels. The differences between the groups,
including increased diabetes duration and higher HbAlc-levels as treatment
regimens become more complex, reflect the progressive nature of T2D. As the
disease progresses, the insulin-producing ability of the P-cells decreases and
more complex treatment regimens are needed to maintain glycaemic control.> ¢
In the UKPDS, which included newly diagnosed T2D patients, a gradual
increase in hypetrglycaemia and a dectrease in B-cell function wete seen in both
conventional therapy and intensive therapy groups during six years of follow-
up.'! As a result, approximately 50 % of the patients who were randomized to
intensive therapy required the addition of a second agent in order to maintain
HbATc <7.0 % at three years, whereas approximately 75 % required addition of
a second agent at nine years.”

29



Pharmacological Treatment in Patients with Type 2 Diabetes: Benefits and Risks

sa1aqelp 7 2dAy
:Q7L ‘9SeasIp JBNISBAOIPJED :JAD {[0J31s3joyd utaroddodi| Aisusap-mo| 1= ‘Xapul ssew Apoq :|Ng |V uiqojSowsary D |yqH ‘auidte|d ulnsul re|5) ‘ulnsur Sunse
-12241p (@ ‘ulnsur paxiwaud g ‘ulnsul HdN HdN ‘epiuni8aw s}y ‘eaunjAuoydins g ‘ulwIopaw 19} uswiea.) [ed180jodew.eyd-uou 1] 4N ‘SUONBIASIGQY

and

y'ce S8t v'9¢ 6've c'ic 9’08 €42 glec 9Lt 9’64 S'9¢ b 144 % J0 A1oiSIH

‘p's (BHww)

OlFeL 6FVL OFpL OIFSL  OFF9L OFFPL OFpL  OIFLL 6FLL 01F9L OFpL 6¥8L OWFLL Fueepy dg oloISEIq

P's (jowyoww)

VIFPL  SHWR8L  CWFSL  TVFELL TWRLL THFEL TIFSL VIFYL O OWLL 0VWFeL 6076’9 6078’9 6'0FP9 Fueap 21VaH

€l 9l 9t St 9l €l St L yAS St cl yAS St % siayows

-
[}
©
c
&

(234 6'0% ¥'Se 4’88 S'8€ vey S'ey iy 104 oey g€y vy 1414 % sjewey

€589=N ¥EIS=N P$S0S=N 9.LVE=N 9.E2=N 862c=N LS9/=N I9€9=N B869E€=N <c989I=N €00/=N L¥BIY=N €0S¥S=N
INd Iva Iva IVa+HdN HdN+NS INd INd HdN Baw ns ns BN 1dN
+e219D +HdN +HaN +HaN +NS  HSA +BN +HoN +HaN

6002 U1 s3uaned (z 4O SASIIRIIBIRYD [EDIUID *T B]qe.L

30



Nils Ekstrom

Glycaemic control

In the present study, the majority of patients with pharmacological treatment
did not have an HbAlc-level <7.0 %, which is the target for most T2D patients
recommended by Swedish and international treatment guidelines.56: 57. . 112 The
proportion of patients having HbAlc <7.0 % ranged from 70.1 % (metformin)
to 25.0 % (SU in combination with PMI) among those with pharmacological
treatment and was 84.8 % among those with non-pharmacological treatment. A
gender comparison showed only minor differences in the proportions of
patients having HbAlc <7.0 %; the clinical relevance was highly uncertain (see
Figure 06).
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Figure 6. Proportions (%) of patients having HbAlc <7.0% (53.0 mmol/mol) in the
total cohort and stratified by gender.

The highest proportions that did not reach HbAlc =7.0 % were in groups of
patients with insulin-based treatment regimens. Such regimens were also
associated with the lowest likelihood of having HbAlc <7 %, both unadjusted
and after adjustment for covariates. These patients generally had a more
advanced condition, long diabetes duration, high prevalence of complications
and the likelihood of little temaining f3-cell function, which could explain their
low probability of having HbAlc <7 % even after adjustment for covariates.
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Data from the National Health and Nutrition Examination Survey NHANES),
which is representative of the non-institutionalized U.S. population, have shown
improved glycaemic control from 1999 to 2010. However, similar to our results,
there were significant gaps between achieved glycaemic control and
recommended treatment targets; approximately half of the patients did not
reach HbAlc <7.0 %.113. 114 As shown in our study of the Swedish population,
the insufficient HbAlc control in NHANES applied to all treatment groups,
including non-pharmacological treatment, although the largest proportion that
did not reach the target was among patients with more complex treatment
regimens.!14

A meta-analysis of the four major trials that evaluated the effects of intensive
glucose control showed that intensive glucose-lowering treatment was associated
with a significant 9 % reduction in major cardiovascular events, caused primarily
by a 15 % reduction in non-fatal and fatal MI at 4.4 years follow-ip.5! Analyses
of predetermined subgroups showed that patients without a history of
macrovascular disease benefited the most from intensive glucose control, and
also indicated that age younger than 65, diabetes duration of less than 5 years,
and lower HbAlc-values were associated with more pronounced benefits from
intensive treatment.>! These results indicate differing risk-benefit ratios of
intensive glucose control among various subgroups of the T2D population. As a
result, treatment guidelines have increasingly emphasized the importance of
individualized treatment goals. More stringent targets are recommended for
patients with short diabetes duration, long life expectancy and no CVD if
achievable without significant hypoglycaemia or other adverse effects. Less
stringent targets are recommended for patients with a history of severe
hypoglycaemia, limited life expectancy and extensive comorbidity.®- 112

Data from NHANES showed that the proportion of patients who achieved an
individualized glycaemic target based on age and the presence or absence of pre-
existing complications was considerably larger than the proportion that reached
the target of HbAlc <7.0 %.113 Thus, for some patients included in the present
study, a less stringent treatment approach may have been justified. However, the
majority of patients with pharmacological treatment did not reach the target of
HbAlc =7.0 % in the present study. Even rather large proportions of newly
diagnosed patients with non-pharmacological treatment (15.2 %) or metformin
monotherapy (29.9 %) did not reach the target.

Other risk factor control

In the present study, levels of other risk factors also varied among the treatment
groups. The proportions of patients who reached targets ranged from 35.3 %
(metformin in combination with SU and NPH insulin) to 48.4% (insulin
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glargine + DAI) for blood pressure and 35.3 % (non-pharmacological
treatment) to 57.1 % (metformin in combination with NPH insulin + DAI) for
LDL-C. Previous studies that included diabetes patients in the United States
from 2007 to 2010 have shown similar achievement of blood pressure and
LDL-C targets. It was also reported that less than 20 % of American diabetes
patients achieved glycaemic, blood pressure and LDL-C targets at the same
time.!3 115 In the STENO-2 study, patients randomized to intensive multi-
factorial interventions that simultaneously targeted multiple modifiable CVD
risk factors showed an approximate 50 % reduction in CVD and an
approximate 50 % reduction in long-term CVD mortality compared with those
randomized to conventional therapy.”* 7> The results of the STENO-2 study
clearly demonstrate the importance of more stringent risk factor control.

STUDY 11

This is a cohort study that analysed the durability of monotherapy with the most
common OHAs in drug naive T2D patients. Time to monotherapy failure,
defined as discontinuation of continuous use of the initial agent, switch to a new
agent or add-on treatment with a second agent served as a measure of durability.

Treatment distribution

Of the 17,309 patients included in the study, 16,061 (93 %) started on
metformin monotherapy, 1,026 (6 %) started on SU monotherapy and 222
(1 %) started on meglitidine monotherapy. Since very few started on
monotherapy with newer OHAs (such as dipeptidyl peptidase-4 [DPP-4]
inhibitors, sodium-glucose linked transporter-2 [SGLT-2] inhibitors, glitazones
or alpha glucosidase inhibitors) during the study period, the cohort was
restricted to patients who started on metformin, SU and meglitinide. The fact
that an overwhelming percentage started on metformin monotherapy indicates
good adherence to treatment guidelines, which recommend metformin as the
first-line agent.5% 57 The low use of newer and often more expensive agents is
also consistent with the guidelines, which recommend that these agents be
reserved for patients who do not tolerate metformin or who do not achieve
adequate glycaemic control with the highest dose of metformin. A cohort study
of U.S. patients, who were members of a large health maintenance organization
(HMO) network (SUPREME-DM) and diagnosed with diabetes in 2005-2010,
investigated the choice of the initial glucose-lowering agent at the time of
diagnosis. In line with our results, the majority (65.5 %) of patients who started
on their initial glucose-lowering agent were prescribed metformin monotherapy.
Lower age and normal serum creatinine level were associated with a greater
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likelihood of starting on metformin monotherapy compared with SU
monotherapy.116

Baseline clinical characteristics

Clinical characteristics differed significantly between the treatment groups at
baseline. Mean T s.d. age ranged between 65.9 £ 10.3 and 73.5 + 10.3; diabetes
duration between 3.6 £ 3.7 and 5.3 * 4.8 years; HbAlc between 7.2 + 1.0 %
(54.8 £ 11.4 mmol/mol) and 7.3 + 1.1 % (56.8 * 11.2 mmol/mol); proportion
of females between 31 % and 44 %; and the proportion with a history of CVD
between 14 % and 21 %. Diabetes duration was remarkably long in all groups,
though shorter in patients who started on metformin. Patients who started on
metformin were also younger and less likely to have a history of CVD, CHF or
AF than those who were started on SU or meglitinide. After adjustment by
stratification with quintiles of propensity scores, the groups were balanced
regarding all baseline variables. In line with our results, previous studies have
shown that a rather small percentage of patients started on pharmacological
glucose-lowering agents at the time of diagnosis.!!¢ 117 In a retrospective cohort
study of Americans diagnosed with diabetes in 2003-2005, median time from
diagnosis to initiation of a glucose-lowering agent was about one year in patients
younger than 65 and more than 2 years in patients age 65 or older. The study
found that advance age and several other variables were associated with longer
time between diabetes diagnosis and starting on pharmacological treatment.'!?

Monotherapy failure

We found that almost half of the patients experienced monotherapy failure,
(defined as add on of a second agent, switch to a new agent or discontinuation
of the initial agent) when followed for up to 5.5 years. Figure 7 shows the
unadjusted cumulative incidence of add-on treatment with a second agent,
switch to a new agent and discontinuation of the initial agent when analysed
separately and as a composite endpoint. The cumulative incidence of the
composite endpoint of monotherapy failure was significantly higher for SU and
meglitinide than for metformin (p<<0.001); the curves diverged throughout the
study period. When looking at the individual components of monotherapy
failure, there were clear differences between the groups in terms of switch to a
new agent (p<0.001) and add-on treatment with a second agent (p<<0.001), but
not for discontinuation (p=0.11).
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Figure 7. Unadjusted cumulative incidence of secondary monotherapy failure in
each treatment group, when followed for up to 5.5 years. A: All failure; B. Add-on;
C. Switch; D. Discontinuation. All graphs with log-rank test p<0.001, except D with
log-rank test non-significant.

Similar results were obtained from multivariate Cox proportional hazards
models, adjusted for differences in baseline demographics and patient
characteristics. SU and meglitinide were associated with a greater risk of overall
monotherapy failure than metformin (HR 1.59, 95% CI 1.45 to 1.75 and
HR 1.74, 95% CI 1.47 to 2.07 for SU and meglitinide, respectively). The
increased risk of overall monotherapy failure associated with SU and meglitinide
was caused by a substantially increased risk of add on of a second agent (HR
2.78, 95 % CI 2.42 to 3.18 and HR 2.75, 95 % CI 2.14 to 3.53 for SU and
meglitinide, respectively) and of switch to a new agent (HR 2.17, 95 % CI 1.65
to 2.86 and HR 3.13, 95 % CI 2.04 to 4.79 for SU and meglitinide, respectively).
The risk of discontinuation did not differ significantly from one group to
another (Figure 8).
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Figure 8. Hazard ratio (HR) with 95 % confidence intervals (Cl) for overall
monotherapy failure and its individual components, comparing SU (n=1026) with
metformin (n=16061) and meglitinide (n=222) with metformin during mean follow-
up of 2.6 years. A HR of >1.0 favours metformin. Adjustments were made by
stratification with quintiles of propensity scores including the following variables:
age, gender, diabetes duration, HbAlc, BMI, eGFR, change in eGFR, previous
cardiovascular disease, congestive heart failure and atrial fibrillation, educational
level, use of psychiatric medications and multi-dose drug dispensing.

Patients who remained on their initial monotherapy throughout the study
showed improved HbAlc levels of approximately 10 % regardless of the type of
OHA used, whereas patients who switched agents or received add-on of a
second agent showed stable or slightly increased HbAlc levels. The improved
HbAlc levels among patients who remained on their initial monotherapy
confirm that they represented responders to treatment. More surprisingly,
patients who discontinued their initial OHA showed similar improvement in
glycaemic control. This is most certainly a highly heterogeneous group of
patients, with a wide range of underlying reasons for discontinuation. Patients
who received add-on of a second agent or switched to a new agent showed
unchanged or slightly increased HbAlc levels prior to these events, indicating
that deterioration of glycaemic control was the primary underlying cause.
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Our results are in line with those of ADOPT. In ADOPT, initial monotherapy
with metformin provided better glycaemic durability than with glyburide (a
member of the SU drug class),”” caused by a faster decline in B-cell function and
insulin sensitivity in patients who started on glyburide.!'8 Despite similar results,
the present study and ADOPT revealed important differences. The present
study was observational in design and reported the durability of various OHAs
in routine clinical care. ADOPT was an RCT that reported effects of protocol-
driven treatments in a selected group of motivated patients who were closely
followed with frequent visits.

A few observational studies have compared the durability of metformin and SU
in real life. They also reported better durability with metformin than with SU.
These studies, however, either lacked information about important variables —
such as diabetes duration, HbAlc and BMI — or had short follow-up periods.!03
119 Both HbAlc and BMI have been shown to be associated with progression
from prediabetes to overt T2D;120.121 diabetes duration is related to remaining f3-
cell function. As a result, these variables are crucial covariates for estimating the
risk of monotherapy failure. ADOPT showed that glyburide had better effects
on P-cell function and glycaemic control than metformin or rosiglitazone duting
the first 6 months. However, patients on glyburide had a faster decline in f3-cell
function and loss of glycaemic control after that time. This resulted in
significantly lower glycaemic durability with glyburide than with metformin or
rosiglitazone when analysed over a median period of 4 years.”7 Thus, a
reasonably long follow-up period is also important in studies that evaluate the
durability of glucose-lowering agents.

The results of the present study suggest that metformin also has better
glycaemic durability than meglitinides. Meglitinides are agents that — along with
SU, etc. — add a therapeutic option among patients who have contraindications
for metformin or require a second agent in order to achieve glycaemic control.5”

STUDY III

This is a cohort study that analysed the benefits and risks of metformin for T2D
patients with various degrees of renal function. Risks for all-cause mortality,
CVD and a composite endpoint of acidosis and serious infection were analysed
in a cohort of 51,675 T2D patients treated with metformin and other glucose-
lowering agents. Analyses were also performed in subgroups with various
degrees of renal function.
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Treatment distribution and clinical characteristics

Of the 51,675 patients included in the study, 14,697 (28 %) were treated with
metformin alone, 5,171 (10 %) with other OHA alone, 12,291 (24 %) with
insulin alone, 8,807 (17 %) with metformin + other OHA, 7,109 (14 %) with
metformin + insulin, 1,365 (2.6 %) with other OHA + insulin and 2,235 (4.3 %)
with metformin + other OHA + insulin. Other OHA included all OHAs with
the exception of metformin, but approximately 80 % were SU.

The total population had a mean * s.d. age of 65.3 £ 9.8; diabetes duration of
9.4 £ 8.0 years; HbAlc of 7.3 *+ 3.3 % (56.3 + 36.1 mmol/mol); BMI of
29.5 £ 5.1 kg/m?; systolic blood ptessure of 140 + 17 mmHg and non-HDL-C
of 3.5 * 1.0 mmol/l. A total of 42 % were women, 14 % were smokers and
21 % had a history of CVD. There were significant differences in clinical
characteristics between the groups. Patients on insulin-based treatments had
longer diabetes duration, higher HbAlc and a greater likelihood of
microalbuminuria or history of hospitalization for CVD, CHF and serious
infections than the population in general. Patients on metformin monotherapy
were the youngest, had the shortest diabetes duration and had relatively low
HbATlc. They also less often had a history of hospitalization for CVD, CHF or
serious infections. Patients treated with other OHA monotherapy were the
oldest and had relatively low HbAlc and BMI. After adjustment by stratification
with octiles of propensity scores, the treatment groups were balanced in terms
of the baseline variables.

Outcomes in the total cohort

We found that metformin monotherapy was associated with lower risk of all-
cause mortality, CVD and the composite endpoint of acidosis and serious
infection than insulin monotherapy. Bordetline significant risk reduction of all-
cause mortality was also shown compared with other OHA monotherapy or SU
monotherapy. The analyses were adjusted for differences in baseline
characteristics by stratification with propensity scores (Figure 9).

These results are in line with previous studies. In the UKPDS sub-study, 1,704
overweight or obese patients with newly diagnosed T2D were randomized to
intensive therapy with metformin (n=342), insulin (n=409) or sulfonylurea
(n=542), or to conventional therapy that focused on diet alone (n=411) and
were followed for 10.7 years.8 The results showed significantly greater risk
reductions for any diabetes-related outcome, all-cause mortality and stroke in
patients randomized to metformin than to insulin or sulfonylurea. Another
small RCT showed beneficial effects of metformin in insulin-treated T2D
patients who were followed for 4.3 years. Among the 390 participants, those
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who received add-on treatment with metformin had a lower risk of CVD than
those who received placebo.!22

Insulin vs metf.

Any CVD ——
Fatal CVD ——
Any acid./inf. ——
Any acid./inf. —_—
All-cause mortality ——

Other OHA vs metf.

Any CVD -
Fatal CVD ——
Any acid./inf. ——
Any acid./inf. .
All-cause mortality —o—
0.0 1.0 2.0 HR

Figure 9. Hazard ratio (HR) with 95% confidence interval (Cl) for any CVD, fatal
CVD, any acidosis/serious infection, fatal acidosis/serious infection and all-cause
mortality comparing insulin monotherapy with metformin monotherapy and other
OHA monotherapy with metformin monotherapy at 4 years follow-up. A HR of
>1.0 favours metformin. Adjustments were made by stratification for octiles of
propensity scores. The following variables were included in the propensity scores:
age, gender, diabetes duration, HbAlc, non-HDL-C, BMI, smoking, eGFR, multi-
dose drug dispensing, previous hospitalization, history of CVD and CHF and
microalbuminuria, as well as treatment with antihypertensive agents, lipid-lowering
agents and cardiac glycosides.

Previous observational studies, for example epidemiological analyses of data
from the Diabetes Mellitus Insulin Glucose Infusion in Acute Myocardial
Infarction (DIGAMI)-2 trial, have reported similar results. The DIGAMI-2 trial
randomized 1253 T2D patients with suspected myocardial infarction to long-
term, insulin-based or standard glucose control. Post hoc epidemiological
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analyses showed significantly lower risks for non-fatal CVD and all-cause
mortality associated with metformin than with any other glucose-lowering
agent.'23125 Other observational studies have also reported lower risks for all-
cause mortality and CVD with metformin than with any other glucose-lowering
agent,!26-128 or SU.12-134 As opposed to many other glucose-lowering agents,
metformin is weight-neutral and does not increase the risk of hypoglycaemia.
Furthermore, metformin has been suggested to protect against malignancies;!3
experimental studies on mice have shown beneficial effects of metformin on
myocardial function regardless of glucose levels.!36: 137 Such beneficial properties
may explain why metformin seems to have better protective effects than other
glucose-lowering agents even though glucose levels are similar.

Several observational studies have reported associations between insulin
treatment and greater risk of all-cause mortality and CVD than other glucose-
lowering agents.32. 123127, 138141 This has led to concerns about the safety of
insulin treatment.!*2 Most of these studies compared the effects of insulin with
other glucose-lowering drugs including metformin. Therefore it is possible that
the differences seen in those studies and in the present study were due to
beneficial effects of metformin rather than harmful effects of insulin. The fact
that large RCTs have not found convincing signs of adverse events with insulin
militates against such serious harmful effects.47-0, 54,55, 143

Outcomes in subgroups based on renal function

We found that the beneficial effects of metformin were also present in patients
with mild to moderate renal impairment (Figure 10). Among patients with
eGFR between 45 and 60 ml/min/1.73m?2, metformin was associated with 13 %
lower risk of all-cause mortality and 15 % lower risk of the composite endpoint
of acidosis and serious infection at 3.9 years follow-up. Looking at patients with
moderate to severe renal impairment (eGFR 30-45), we did not find any
difference in risks for all-cause mortality, CVD or the composite endpoint of
acidosis and serious infections.

Oanly a handful of studies have evaluated the effects associated with metformin
in patients who have various degrees of renal function. An observational study
based on the international Reduction of Atherothrombosis for Continued
Health (REACH) registry examined the effects associated with metformin in
19,691 patients with diabetes and advanced CVD who were followed for 2
years.!28 In line with our results, the study found metformin to be associated
with a lower risk of all-cause mortality than other glucose-lowering agents in
patients with eGFR of 30-60. However, as opposed to our results, the study
found the greatest risk reduction in patients with eGFR of 30-45. Significant
limitations of the study based on the REACH registry include a short follow-up
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period and missing information about important covariates, such as HbAlc and
diabetes duration. Our study — which included more than 50,000 patients, a
longer follow-up period (4 years) and complete data on many important
covariates — adds strength to evidence of the beneficial effects of metformin in
patients with mild to moderate renal impairment.

eGFR = 60
CvD ---
Acid./inf. -
All-cause mortality -
45 =eGFR < 60
CVvD —
Acid./inf. ——
All-cause mortality ——
30 =eGFR <45
CvD ——
Acid./inf. ——
All-cause mortality ——

0.0 1.0 2.0 HR

Figure 10. Hazard ratio (HR) with 95% confidence interval (Cl) for fatal/non-fatal
CVD, fatal/non-fatal acidosis/serious infection and all-cause mortality with
metformin compared with any other glucose-lowering medication at 4 years follow-
up. A HR of <1.0 favours metformin. Covariate adjustment was made for the
following variables: age, gender, diabetes duration, HbAlc, non-HDL-C, BMI,
smoking, eGFR, multi-dose drug dispensing, previous hospitalization, history of CVD
and CHF and microalbuminuria, as well as treatment with antihypertensive agents,
lipid-lowering agents and cardiac glycosides.

What about the risk of lactic acidosis? A pooled analysis of 347 clinical trials and
cohort studies of metformin treatment did not find any cases of fatal or nonfatal
lactic acidosis in 70,490 patient-years among metformin users or in 55,451
patients-years among non-metformin users. Furthermore, there was no
difference in lactate levels, either as mean treatment levels during the study
periods or as a net change from baseline, between metformin and non-
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metformin therapies.8! A recent observational study that used the Clinical
Practice Research Datalink (CPRD) database in the UK explored the incidence
of lactic acidosis among metformin-treated T2D patients with various degrees
of kidney function.'** The study found 35 events of lactic acidosis in 337,590
person-years, with no significant difference in incidence among patients with
normal, mildly reduced, moderately reduced or severely reduced renal function.
Of the 35 cases of lactic acidosis in the study in the UK, a majority were
associated with conditions that could have increased the risk for lactic acidosis,
independent of metformin use.

Another observational study that used data from the same register (CPRD)
explored the risk of lactic acidosis ot elevated lactate levels (>5 mmol/L) with
metformin compared with other non-insulin glucose-lowering agents.!#5 The
study found a higher risk of lactic acidosis or elevated lactate level in metformin-
treated patients with impaired renal function than in patients who had never
used metformin. These findings are inconsistent with previous studies for which
metformin concentration did not have any prognostic value in cases of lactic
acidosis.146. 147 The authors concluded that the results support adequate
monitoring of renal function in metformin users and that the dose of metformin
should be adjusted, if necessary, when GFR falls below 60. However, they also
emphasised the risk of bias due to differential misclassification of outcome
events as a limitation of their study.!*> Because of the established belief that
metformin may be linked to lactic acidosis, lactate concentrations in metformin
users may have been measured and recorded more selectively, particulatly when
renal function was impaired. This would introduce bias by overestimating the
risk in metformin users and conceivably underestimating the risk in non-
metformin users.

STUDY IV

This is a cohort study that analysed the benefits and risks associated with aspirin
treatment in T2D patients with no established CVD. Risks for CVD, CHD,
stroke, all-cause mortality and bleeding associated with aspirin compared with
no aspirin were analysed in the total cohort of 18,646 T2D patients and in
subgroups by gender and estimated CVD risk.

Treatment distribution and baseline characteristics

Among the 18,646 patients, 4,608 (25 %) received low-dose (75 mg) aspirin
treatment and 14,038 (75 %) did not receive any aspirin treatment. In both
groups, there were approximately 55 % men and 15 % smokers. Mean HbAlc
was approximately 7% (53 mmol/mol), mean BMI was approximately
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30 kg/m?2, mean systolic blood pressute was approximately 140 mmHg and
mean total cholesterol was approximately 5 mmol/l. There were, however,
important differences between the groups. Patients who received aspirin were
older, had longer diabetes duration and were more likely to have
microalbuminuria than patients who did not receive any aspirin. They were also
more likely to be on glucose-lowering regimens with multiple drug
combinations, lipid-lowering regimens and blood pressure-lowering regimens,
indicating that they required more advanced treatment to achieve roughly the
same risk factor control. After adjustment by stratification with a propensity
score, the groups were balanced in terms of baseline variables.

Risks of cardiovascular events and all-cause mortality

The results of our study did not show any significant difference in risk for CVD
or all-cause mortality between the groups, except for a borderline significant
19 % increased risk for any CHD associated with aspirin treatment at 4-year
follow-up (Figure 11.). The increased risk of any CHD associated with aspirin
was confirmed in women but not in men. There was also a borderline significant
28 % increased risk of any CVD associated with aspirin treatment in women
that was not seen in men. There was no significant difference in risk for CVD or
all-cause mortality between aspirin treatment and absence of aspirin treatment in
patients with high estimated CVD risk (5-year CVD risk 215 %) or low
estimated CVD risk (5-year CVD risk <15 %).

Previous studies have reported inconsistent findings regarding the risk-to-
benefit ratio for the use of low-dose aspirin in primary CVD prevention among
patients with T2D. Three RCT's have evaluated the effects of aspirin for primary
prevention of CVD exclusively in patients with diabetes.!48-130 In line with our
results, they did not find convincing beneficial effects of such treatment. The
Early Treatment of Diabetic Retinopathy Study (ETDRS) randomized 3,711
patients with type 1 diabetes (T1D) or T2D (half of them with previous CVD)
to treatment with 650 mg aspirin daily or placebo. The results showed a non-
significant 17 % lower risk of non-fatal or fatal MI in the aspirin group after
5 years.'8 The Prevention of Progression of Arterial Disease and Diabetes
(POPADAD) trial of 1,276 patients with T1D or T2D with no previous CVD
presented similar results for two primary composite endpoints after a median of
7 years of follow-up — fatal or non-fatal CVD or amputation above the ankle
(HR 0.98, 95 % CI 0.76 to 1.26), and fatal CVD (HR 1.23, 95 % CI 0.79 to 1.93)
— in comparing the aspirin to the placebo groups.1# In the Japanese Primary
Prevention of Atherosclerosis with Aspirin for Diabetes (JPAD) trial among
2,539 patients with T2D and no CVD at baseline who were followed for a mean
of 4 years, aspirin (81-100 mg daily) had no significant effect compared with
placebo on the primary composite endpoint of fatal or non-fatal CHD, fatal or
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non-fatal stroke and peripheral arterial disease. Only one of the several
secondary endpoints (fatal CHD and stroke) showed a significantly lower risk
with aspirin.!0 Meta-analyses of the available trials have consistently indicated
modest but not statistically significant reductions in the risk of CVD with
aspirin in T2D patients.68, 151,152

Any CVD e
Fatal CVD T
Any CHD e
Fatal CHD "
Any stroke i
Fatal stroke ¢
All-cause mortality T
0.0 1.0 2.0 3.0 HR

Figure I1. HR with 95 % CI for outcomes in T2D patients with aspirin treatment
(n=4,608) compared with absence of aspirin treatment (n=14,038) who were
followed for 4 years. A HR of <1.0 favours aspirin treatment. Adjustment was made
by stratification with deciles of a propensity score. The following variables were
included in the propensity score: age, gender, diabetes duration, type of
hypoglycaemic treatment, HbAlc, smoking, BMI, systolic blood pressure, ratio of
total-to-HDL cholesterol, albuminuria >20 pg/min, antihypertensive drugs, statins,
other lipid-lowering drugs, oestrogen, multi-dose drug dispensing and previous
hospitalization.

Clinical trial knowledge of the effects of aspirin treatment for primary
prevention in patients with diabetes is based largely on subgroup analyses in
trials designed to evaluate its impact on a general population, which increases
the risk of bias.®8 The few available RCTs that have evaluated the effects of
aspirin for primary prevention of CVD exclusively in patients with diabetes also
suffer from significant limitations. The ETDRS included both T1D and T2D
patients; even more importantly, half of the participants had established CVD.
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In fact the ETDRS was not a true primary prevention study. Both the
POPADAD and JPAD trials were rather small, and concerns have been
expressed about insufficient power.%® Our study contributes important
information to this controversial question. We included T2D patients only, and
the results are representative of routine clinical care. Furthermore, the study had
sufficient power to evaluate benefits and risks associated with aspirin for
primary prevention of CVD in subgroups based on gender or estimated CVD
risk.

In line with our results, previous observational studies have reported a lack of
beneficial effects from primary CVD prevention with aspirin in T2D patients. A
Swedish study analysed the association between aspirin treatment, mortality and
serious bleeding in 58,465 diabetes patients with and without established CVD
at baseline.! in fact, the results showed a statistically significant 17-29 %
increased risk of all-cause mortality in patients receiving primary prevention
with aspirin who were followed for up to 1.5 years. The analysis was adjusted
for age, gender and comorbidity. A recent prospective observational study in
Italy evaluated the effect of aspirin on the risk of CVD events in a cohort of 564
T2D patients with nephropathy but free of CVD at baseline.!>* In the Italian
study, all patients were screened with anamnesis, resting ECG and stress ECG
to ensure the absence of CVD at baseline. The results did not show any
significant difference in the occurrence of major cardiovascular events between
patients who received 100 mg of aspirin daily and patients who did not receive
any aspirin after average follow-up of 8 years. The analyses were adjusted for
age, gender, smoking habits, GFR, albumin excretion rate, HbAlc, systolic
blood pressure, BMI and total cholesterol.

Risk of bleeding

The results of the present study did not show any significant difference in the
risk of intracerebral or ventricular haemorrhages between the groups. There was
a borderline statistically significant 41 % increased risk of total haemorrhages
(p=0.05) and a borderline statistically significant 2.5-fold increased risk of other
haemorrhages (p=0.05) associated with aspirin treatment. Other haemorrhages
included unspecified and respiratory bleeding. total haemorrhages was a
composite endpoint that included intracerebral, ventricular and other
haemorrhages. A large population-based cohort study in Italy analysed the
association between aspirin use and major haemorrhages.'>> Similar to our
results, the study did not find any significant difference in the risk of ventricular
or intracerebral haemorrhage between aspirin treatment and the absence of
aspirin treatment among patients with diabetes. Unfortunately, the study did not
analyse the risk of haemorrhage from other locations and thus could not
confirm our findings of a likely increased risk for other haemorrhages.
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METHODOLOGICAL CONSIDERATIONS

Results of RCTs are considered the highest level of evidence when comparing
alternative management strategies or interventions.8% 8 The reason is the high
internal validity of RCTs. Internal validity is a property of a scientific study that
reflects the extent to which it measures what it’s set out to measure. The high
internal validity of RCTss is a result of random assignment of patients to various
exposures, strict selection criteria for inclusion and close monitoring during
follow-up. Assuming that the study sample is large enough, the randomization
process reduces bias by making the groups as equal as possible with respect to
all patient characteristics that can have an impact on outcomes. In theory, the
process makes the groups identical except for the kinds of treatment to which
they are assigned.

Observational studies, on the other hand, do not randomly assign patients to
various exposures but observe differences in outcomes after treatment decisions
have been made on the basis of clinical assessment by a doctor, etc. As a result,
the groups that are compared in observational studies may differ with respect to
characteristics other than the particular treatment to which they have been
assigned, which may lead to biased results and low internal validity. However,
observational studies often reflect results from routine clinical practice and thus
have high external validity. External validity is a property of scientific studies
that reflects the extent to which the results can be generalized to routine clinical
practice. Because of strict selection criteria for inclusion of participants and
close monitoring during follow-up, RCTs often have limited external validity.156
These general pros and cons for the various study designs is an important
argument for why RCTs and observational studies can be used synergistically to
obtain more and better information about the relative merits of alternative
management strategies or interventions. However, despite these general
differences between RCTs and observational studies, they tend to arrive at
highly similar results.1>7.158

Even though RCTs generally have superior internal validity and observational
studies often have superior external validity, the presence of important
limitations in study design can offset such dynamics.!® Grading of
Recommendations Assessment, Development, and Evaluation (GRADE) is a
widely used and accepted approach for rating quality of evidence in systematic
reviews and guidelines.!® In the GRADE approach, RCTs start off as the
highest quality of evidence and observational studies as a lower quality of
evidence. However, both RCTs and observational studies can be up-rated or
down-rated based on strengths and limitations of study design.8?> When
evaluating the quality of evidence in any epidemiologic study, whether RCT or
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observational, it is crucial to be aware of the various errors that may have arisen.
There are two types of errors that affect epidemiologic studies: random and
systematic. Random errors, which are a result of variability in the data, can be
reduced by increasing the sample size. Systematic errors (also called bias), on the
other hand, are not affected by sample size.!0!

Random errors

Random errors are a result of variability in the data. For example, errors may
arise randomly in a particular measurement. This would lead to inconsistent
values if the measurement were to be repeated. Because of this random
variability, there is a risk that any finding of an epidemiologic study is due to
chance and does not reflect the real world. One key role of statistics in the
analysis of epidemiologic data is to assess the role of chance. This can be done
by estimating a confidence interval or p-value. The confidence interval is an area
around the point estimate that provides an estimate of statistical variability in
the data. A small confidence interval indicates little variability and a wide
confidence interval indicates a great deal of variability. The p-value is based on
the null hypothesis, which states that there is no relationship between exposure
and outcome. The p-value is a measure of the consistency between the results
and the null hypothesis; a small value indicates little consistency. A p-value of
<0.05 is often used as the threshold for rejection of the null hypothesis and
acceptance of the observed difference as statistically significant. A large study is
less affected by random variability and thus not as susceptible to random error.
This is reflected in the confidence interval and p-value. For example, confidence
intervals narrow as the study becomes larger.'/! One major strength of the
studies included in this thesis is the large number of patients that they included.

Systematic errors

Systematic errors, also called biases, are not affected by the size of the study.
Biases are usually assigned to one of three broad categories: selection bias,
information bias and confounding.10!

Selection bias

There are several different types of selection bias, all of which are related to the
procedures used to select study participants.!®! The samples that were selected
for the studies in this thesis were derived from patients entered in the NDR
during the study periods. Despite the rapidly increasing coverage of the NDR, it
does not include all Swedish T2D patients. Healthcare units that reported to the
NDR may not have been fully representative. This is mainly a concern in cross-
sectional studies such as study I. In 2009, when study I was conducted,
approximately 70% of all Swedish T2D patients had been entered in the NDR
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and participating health care units represented all geographical areas. This
indicates that the patients included were representative of the overall T2D
population.

Of more concern is another type of selection bias, sometimes referred to as
indication bias.!0! It arises when severity of disease, comorbidity and other
factors influence the treatment a doctor prescribes for a particular patient. This
is relevant in all the studies included in this thesis — especially studies I-11I,
which evaluated various glucose-lowering agents. As T2D progresses, the
insulin-producing ability of the B-cells decreases and more complex treatment
regimens are needed to maintain glycaemic control. As a result, patients treated
with multiple drug combinations or insulin had more advanced disease with
longer diabetes duration and a greater propensity for complications. Many of
these characteristics, such as the presence of vascular complications, are also
associated with the outcomes that were used in the studies covered by this
thesis. This may lead to biased results due to confounding. This ‘confounding by
indication’2 is discussed in more detail under the heading of Confounding.

We used complete case analysis in the included studies. In other words, only
patients with complete records of all covariates were included in the analyses. 1f
the fact of a missing observation was unrelated to both the unobserved value
and the data that were available, the cause could be regarded as entirely random.
If so, the use of complete case analysis would reduce the power of the study but
would not introduce any biases. If the cause was not entirely random, the use of
complete case analysis could introduce a selection bias.!05 190 The clinics that
reported to the NDR did not intend to selectively exclude certain data. Instead,
data were likely to have been missed by chance because certain variables
happened not to have been measured in individual patients when reporting to
the NDR. In studies 1I and III, sensitivity analyses were performed for which
missing data were managed differently. In study 11, all analyses were performed
among an additional, larger group of patients with complete records on a
selection of variables that did not suffer from missing observations. In study 111,
the analyses were performed after multiple imputations of missing values.!6
Both sensitivity analyses yielded the same results as the main analyses, which
indicates that the risk of bias due to management of missing data is of little
concern.

Finally, Protopathic bias, also known as reversed causality, may occur in
observational studies if eatly manifestations of the outcomes under
consideration influence the selection of medication.!02 In such cases, medication
may erroneously appear to have caused the outcome. In studies II-1V, there was
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a lag time between the commencement of medication and the start of follow-up
for outcome occurrence, which reduced the risk of this bias.102

Information bias

Information bias occurs when information about study participants is
erroneous. Information bias can be classified as differential or non-differential.
Misclassification is non-differential if it is untelated to other study vatiables,
whereas differential misclassification is related to the value of other study
variables. Non-differential misclassification usually leads to dilution of
differences between the groups, perhaps disguising a beneficial or harmful effect
of a medication. Differential misclassification is less predictive and can lead to
cither underestimating or overestimating an effect.!0!

Because the studies in this thesis are based on data from registers, there is a risk
that some variables were incorrectly reported. However, validation studies have
shown that the data in the Hospital Discharge Register and the NDR are
reasonably valid.”- 97 Routines for reporting data to the NDR have improved
over the years, and a growing percentage are transmitted directly from medical
records. These improvements have presumably increased the validity of the data
even further. Furthermore, exposure to various treatments was classified on the
basis of prescription fills. It is possible that some patients have been
misclassified because they filled prescriptions without actually taking the
medications. Furthermore, the ITT approach used in studies III and IV, which
carries forward the initial exposure status and disregards changes in treatment
status over time, will by definition misclassify the exposure status in patients
who switch treatment during follow-up. This misclassification tends to produce
overly conservative results by reducing the effects of a medication but does not
create bias in a particular direction.!? Finally, we used an epidemiological
definition of type 2 diabetes. This definition has been employed in several
publications based on data from the NDR. Similar definitions have been used in
publications from other large registers and have been widely accepted.!26. 133
However, some patients with other types of diabetes, such as latent autoimmune
diabetes in adults, may have been misclassified as having T2D. There is no
reason to believe that such misclassification was differential. The expected
consequence of misclassification in the included studies would be a small
dilution of differences in outcomes between the groups under comparison.

A special type of information bias that may occur in observational studies is
referred to as immortal time bias. Immortal time bias may occur if the study
design produces a period of observation during which the outcome under study
could not have occurred.!! This bias usually arises due to study designs in which
exposure status is classified on the basis of information that is not yet known at
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the time of cohort entry. For all studies included in this thesis, clear definitions
ensured that covariates were assessed prior to cohort entry and that follow-up
for outcome occurrence started after the requirements for cohort entry had
been met. All of these study characteristics reduce the potential for immortal
time bias.102

Confounding

Confounding, which is a mixing of effects, occurs if predictors of the outcomes
under consideration are unevenly distributed between the groups being
compared.!”! For the studies in this thesis, confounding by indication is of
particular concern. This occurs when disease severity, the presence of
comorbidity and other characteristics associated with the outcome affect the
treatment that doctors prescribe.!2 In studies II and 111, patients who received
multiple drug combinations or insulin treatment had more severe disease than
others. The effects of confounding can be limited by adjusting for known and
probable confounding factors in the statistical analysis. This eliminates bias due
to the variables that have been adjusted for. For the studies in this thesis, we had
extensive information about risk factors, complications, comorbidity, use of
medication and demographics, for which we were able to adjust in the analyses.
This is a major strength of the studies in this thesis. However, statistical
adjustment can never eliminate bias that is due to unknown or unmeasured
confounding factors. In studies 1I and 1V, analyses were performed to estimate
the effects of a hypothetical unknown confounder. A strong predictor of the
outcomes had to be much more present in one group than the other in order to
invalidate the findings.

CLINICAL IMPLICATIONS

Several findings of the research presented in this thesis have direct relevance to
the everyday care of T2D patients. The findings of study I highlight the
importance of continuing efforts to achieve good risk factor control in T2D
patients. Even a rather large percentage of newly diagnosed patients with non-
pharmacological treatment or metformin monotherapy did not reach HbAlc
<7.0 %. Hypertension and dyslipidaemia were also insufficiently controlled in a
large percentage of the patients. There is strong evidence of beneficial effects of
intensive glucose control in newly diagnosed T2D patients;3. 51 80 results of the
UKPDS suggest that management of glucose control in the eatly stages of the
disease has consequences for a long time.#’ Thus, good glycaemic control from
the beginning is of major importance. The results of the STENO-2 study clearly
demonstrated the benefits of simultaneous intensive control of multiple
modifiable CVD risk factors.’ 7> Despite concerted efforts in the management
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of T2D patients, the results of study I indicate that improvements are still
possible in order to help even more patients reach multiple risk factor targets.

The results of studies 11 and III support the use of metformin as a first-line
agent in T2D patients. ADOPT showed that metformin has better glycaemic
durability than SU;77 the results of the UKPDS showed a reduction in mortality
with metformin compared with SU, insulin or diet.8 Studies II and III
strengthen the evidence of such beneficial effects of metformin by confirming
the results of ADOPT and the UKPDS in large cohorts representing T2D
patients in routine clinical practice. The results of study II indicated that the
superiority in glycaemic durability of metformin over other frequently used
glucose-lowering agents is even more pronounced in routine clinical care than in
an RCT setting. In study IlI, we found that patients with mildly to moderately
reduced renal function (eGFR 60-45) also benefited from metformin treatment.
In these patients, metformin was associated with a significant 15% lower risk of
mortality than with other glucose-lowering agents at 4-year follow-up. These
results support a less restrictive approach to the use of metformin in patients
with mildly to moderately reduced renal function. However, it is important to
emphasise that we did not have any detailed information about metformin
doses. Since metformin is not metabolized and is eliminated by the kidneys,!62
the dosage should be adjusted on the basis of renal function. Furthermore, most
of the reported cases of metformin-associated lactic acidosis have been linked to
other conditions, such as infections, dehydration and CVD, which are associated
per se with increased risks for lactic acidosis.!* 192 This underscores the
importance of terminating metformin treatment in cases of acute illness. A less
restrictive approach to metformin treatment would set higher requirements for
adequate dosage adjustments based on renal function. If this could be achieved
without sacrificing a conscientious effort to inform patients that treatment
needs to be terminated in cases of acute illness and dehydration, significant
improvements in health outcomes would ensue.

Previous studies have shown highly uncertain net benefits of aspirin treatment
among T2D patients without established CVDD.08. 151,152, 154,163 | study 1V, there
were no beneficial effects associated with aspirin for primary prevention of
CVD in a large cohort of T2D patients in routine clinical practice. Aspirin was
instead associated with increased risk of bleeding. The lack of beneficial effects
also held true for patients at particular high estimated CVD risk. These findings
militate against the treatment guidelines of the American Diabetes Association
(ADA), which recommend aspirin for primary prevention of CVD in T2D
patients with an estimated 10-year CVD risk of >10%.% Large RCTs
concerning the benefits and risks of aspirin treatment in diabetes patients
without established CVD are ongoing and will provide additional information in
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coming years.!'%* In the meantime, our results support a more restrictive
approach to the use of aspirin for primary prevention of CVD in T2D patients.

FUTURE PERSPECTIVES

What comes after metformin?

One important question is what glucose-lowering agent to add when metformin
fails to achieve or maintain glycaemic targets. The available evidence is sparse,
and there is a great need for studies to evaluate the relative effectiveness and
safety of several different glucose-lowering agents when added to metformin.
This question will be addressed by using real-world data from the NDR in the
near future. The ongoing Glycemia Reduction Approaches in Diabetes: A
Comparative Effectiveness (GRADE) study, scheduled for completion in 2020,
will provide additional information.!6

Personalized medicine

The results of large trials of glycaemic control have indicated differing risk-
benefit ratios of intensive glucose control in various T2D subpopulations.>! As a
result, there has been a growing focus on a personalized approach to managing
T2D.166.167 Factors such as patient preferences, life expectancy, disease duration,
comorbidity and cognitive ability already play an important role in the selection
of optimal therapeutic agents and treatment targets.” A great deal of research is
currently being conducted in the field of personalized medicine. For example,
pharmacogenetic studies have indicated differing effects of glucose-lowering
agents on incident diabetes and glycaemic control due to genetic variation.!68
Knowledge of the complex pathophysiology of T2D is also growing;® a more
pathophysiologic approach to T2D management in order to target key
pathophysiologic ~ disturbances, such as f-cell failure, is increasingly
encouraged.’®171  As knowledge of genetics, pathophysiology and patient
preferences/needs increase, treatment for T2D will have to be customised in a
much more sophisticated and effective manner.

Observational research: a key player

Observational research will play an import role in the development of
personalized medicine. Beyond their major strength of providing real-world
data, observational studies enable analyses of large cohorts during long follow-
up periods, enabling evaluation of the effects associated with differing
treatments in various T2D subpopulations. The availability of high-quality
register data has increased rapidly over the past decade. Along with this
evolution, the emergence of new statistical and epidemiological methods has
improved the reliability and effectiveness of observational analyses.107. 108, 172,173
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An excellent example of this trend is the development of registry RCTs, which
have been conducted using the Swedish Coronary Angiography and Angioplasty
Registry (SCAAR).172 173 The NDR is constantly working on becoming better.
The next big step is to introduce patient reported outcome measures (PROMs).
The goal is a register that focuses more on patient-oriented concerns and
outcomes. The availability of PROMs will enable analyses of patient
perceptions, needs, preferences and concerns, all of which are important
components of personalized medicine.

Early interventions to tackle the epidemic

At the time of diagnosis, T2D patients are maximally insulin-resistant and have
lost about 80 % of their B-cell function.!®® This highlights the need for eatly
interventions. Screening is an appealing way to detect T2D, possibly facilitating
eatly interventions. However, a cluster-randomized trial in eastern England did
not find any beneficial effects on mortality from population-based screening for
T2D."* Furthermore, among screening-detected T2D patients in the UK, the
Netherlands and Denmark, intensive treatment of multiple risk factors was
associated with only a small, non-significant reduction in the incidence of
cardiovascular events and death compared with routine care.!’ Thus,
population-based screening for diabetes may not result in large benefits for
mortality, at least among some populations. The benefits of screening might be
greater in populations with a higher prevalence of undiagnosed diabetes and
lower quality of care. As opposed to these negative results, early intervention
with intensive lifestyle measures or glucose-lowering medication has been
shown to prevent conversion to T2D in patients with impaired glucose
tolerance.#43 Ongoing efforts to identify effective interventions that can be
implemented early in the natural history of T2D in order to prevent progressive
B-cell failure and reduce the burden of T2D are crucial to tackling the growing
epidemic.
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CONCLUSIONS

®  Observational studies serve as important complements to RCTs by

providing valuable knowledge obtained from routine clinical care and

enabling analyses of large cohorts that represent the entire T2D population.

=  The NDR offers a unique source of information. Both society in general

and patients in particular deserve optimal use of this information with the

overall aim of improving diabetes care.

®  Treatment targets for HbAlc, blood pressure and lipids were insufficiently

reached in all groups, regardless of the glucose-lowering treatment regimen

that was used. Even a fairly large percentage of newly diagnosed patients
did not reach HbAlc <7.0%. These results highlight the importance of

ongoing efforts to achieve good risk factor control from the beginning.

* SU and meglitinide were associated with a substantially higher risk of

switching to a new agent or adding a second agent than metformin. These
results indicate better glycaemic durability with metformin than with SU
and meglitinide, supporting the current recommendation of metformin as

the first-line agent for T2D.

= Metformin was associated with a smaller risk of all-cause mortality and

acidosis/serious infection than other glucose-lowering treatments for

patients with renal impairment (eGFR 45-60), and there was no increased

risk of all-cause mortality, CVD or acidosis/serious infection, even in
patients with low renal function (eGFR 30-45). These results suggest that

even more patients could benefit from metformin.

® There were no beneficial effects associated with aspirin for primary
prevention of CVD in T2D patients. The results indicated a lack of
beneficial effects regardless of whether the CVD risk was estimated to be
high or low, supporting more restrictive use of aspirin for T2D patients

without established CVD.
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