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ABSTRACT

Patients with diabetes have increased risk of cardiovascular disease (CVD) and mortality com-
pared to the general population. The aim of this work was to describe the clinical characteristics
and risk factors in patients with type 1 diabetes, and also to investigate the association between
glycaemic control and CVD in type 1 and type 2 diabetes, and to analyse the association be-
tween BMI, overweight and obesity, and CVD in type 2 diabetes.

These observational studies comprise patients from the Swedish National Diabetes Register
(NDR). Clinical characteristics and risk factor control in type 1 diabetes were analysed in two
cross-sectional samples, in 1997 and 2004. 7454 patients with type 1 diabetes were followed
from 2002/03 to 2007, and 13,087 patients (Study III) and 18,336 (Study IV) with type 2
diabetes were followed from 1997/98 to 2003, regarding fatal/non-fatal CVD events. Cox
proportional hazard models were used to estimate adjusted hazard ratios with 95% confidence
intervals and to estimate 5- and 6-year event rates for the outcomes.

In patients with type 1 diabetes slight but significant improvements were seen in glycaemic con-
trol, blood pressure and lipid levels from 1997 to 2004. Hazard ratios for coronary heart disease
(CHD) and CVD per 1%-unit increase in baseline HbAlc were 1.31 and 1.26 (p<0.001),
respectively, when adjusted for age, sex, duration of diabetes and cardiovascular risk factors.
Adjusted 5-year event rates of CHD and CVD increased progressively with higher HbAlc
levels. Patients with HbAlc levels of 5-7.9% (mean 7.2%) at baseline had about 40% lower
risk for CHD and CVD, compared with patients with HbAlc 8-11.9% (mean 9.0%). In type
2 diabetes adjusted hazard ratios for a 5-unit increase in BMI were 1.15 for first-incident CHD
and 1.13 for CVD. Obesity was associated with a 44% increase in risk of CVD, and overweight
with a 24% increase in risk, compared with normal weight. Adjusted hazard ratios for a 1%-
unit increase in HbAlc were 1.11 for CHD and 1.10 for CVD (p<0.001), and the correspond-
ing adjusted 6-year event rates for these outcomes increased progressively with higher baseline
and updated mean HbA1c values, also when sub-grouping the data by duration, previous CVD
or hypoglycaemic treatment. A group of patients with a mean baseline HbAlc of 6.5% showed
a 20% lower risk of CHD and a 16% lower risk of CVD, than a group with a mean HbAlc
of 7.5%.

These large observational studies on patients with diabetes in everyday clinical practice show a
slow improvement in glycaemic control and risk factors in type 1 diabetes. Higher HbA1c level
was found to be independently associated with increased risk of CHD and CVD, emphasizing
the role of HbAlc as a strong independent risk factor in type 1 diabetes. In type 2 diabetes,
increasing risks of CHD and CVD were seen in patients with higher HbAlc levels, while no
risk increase was seen in those with low HbAlc levels. HbAlc levels lower than 7% were as-
sociated with a lower risk of CVD, providing support for current treatment guidelines. Higher
BMI, overweight and obesity independently increased the risk of CHD and CVD in patients
with type 2 diabetes, providing additional evidence that overweight and obesity should be
counteracted in type 2 diabetes.
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PREFACE

This thesis is based on data from the National Diabetes Register (NDR) in Sweden, a
nationwide register of quality control. The aim of the NDR is to improve diabetes care
and to ultimately promote health in patients with diabetes. To improve the quality of
care it is necessary to first observe which measures are taken and which are not, and
then identify the differences to establish how health outcomes are affected. Examples
of health outcomes are retinopathy, blindness, cardiovascular disease and mortality, but
self-perceived health and well-being are also included in health outcomes. New infor-
mation and knowledge must be communicated to healthcare providers and patients to
ensure evidence-based and consistent care. The overall goal of the work presented in
this thesis is to contribute to improving the quality of diabetes care, for the benefit of
the individual patient.
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INTRODUCTION

DIABETES MELLITUS

Diabetes mellitus is a chronic illness of multiple aetiology, characterized by hyperglycaemia as
a result of insufficient insulin secretion or impaired insulin action, or both (1). Based on the
aetiology and clinical presentation, diabetes is classified as type 1 diabetes, type 2 diabetes, ges-
tational diabetes or other specific forms. Diabetes is associated with specific long-term microv-
ascular complications, including retinopathy, nephropathy and neuropathy, and macrovascular
damage, resulting in coronary heart disease, stroke and peripheral vascular disease (2, 3). The
World Health Organization (WHO) criteria for the diagnosis of diabetes are two consecutive
values of fasting plasma glucose 7.0 mmol/L, or a 2-hour plasma glucose value after a 75 g
oral glucose tolerance test of 211.1 mmol/L (2). The diagnostic level of fasting plasma glucose
was lowered from 7.8 mmol/L to 27.0 in 1998 to better identify those with increased risk of
microvascular and macrovascular complications, as premature mortality had been recorded in
patients with blood glucose levels below 7.8 mmol/L (1, 2).

Type 1 diabetes is an autoimmune, inflammatory disease in which the insulin-producing beta
cells of the pancreas are destroyed, leading to complete insulin deficiency and hyperglycaemia
in genetically susceptible individuals. Environmental trigger mechanisms are believed to be
involved, but these are not fully understood. Most patients develop the disease at a young age,
but it can occur at any time of life (4, 5). The main pathophysiological features of type 2 dia-
betes include pancreatic beta cell failure, leading to insufficient insulin secretion, and increased
insulin resistance in the liver, fat tissues and muscles. Insulin resistance enhanced by physical
inactivity and obesity leads to increased output of glucose from the liver and decreased glucose
uptake in skeletal muscles. The beta cells initially compensate for this by increased insulin
secretion, but the progression of beta cell failure leads to hyperglycaemia and eventually type
2 diabetes. Genetic factors contribute to both insulin insensitivity and beta cell failure. The
onset of type 2 diabetes is often slow, and symptoms can initially be discrete leading to delayed

diagnosis (6, 7).

The epidemiology of diabetes

It has been estimated that the global prevalence of diabetes in individuals of all ages will in-
crease, from 2.8% in 2000, to 4.4%, in 2030, affecting 366 million people worldwide (8).
Type 1 diabetes is usually estimated to account for 5-10% of all diabetes cases (4). The esti-
mated prevalence of diabetes (including 1/3 undiagnosed type 2 diabetes) in England in 2001
was 4.4% (of which 7.7% was type 1 diabetes), with a marked increase in prevalence with
age (0.3% 0-29 years, 3.4% 30-59 years and 13.9% =60 years) (9). In Ontario, Canada the
age-adjusted prevalence of diabetes has increased from 5.2% in 1995, to 6.9% in 2000, and
to 8.8% in 2005 as a result of both rising incidence and declining mortality (10). A study in
Denmark reported that the prevalence had more than doubled between 1995 and 2007, from
1.9% to 4.2%, due to decreasing mortality rates and increasing incidence (11).

However, studies performed in Sweden have shown no increases in the incidence and small or
no increase the prevalence of diabetes in subject since the late 1980s (12-16). In the study from
northern Sweden there was no increase in the prevalence of diabetes in subjects 25-49 years old
from 1986 to 1999 (12). Jansson and colleagues reported stable incidence and prevalence from
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1988 to 2001 in the municipality of Lax3 with age-adjusted prevalence of about 4.4% (13). The
total prevalence in Skaraborg county was 3.2% in 1995 with an annual increase of 6% from
1991 to 1995 (14, 15). A study from Uppsala reported an increase in total prevalence of type 2
diabetes from 2.2% to 3.5% from 1996 to 2003 due to decreased mortality (16). In Sweden in
2009 there were approximately 365,000 patients with diabetes (17).

Incidence of type 1 diabetes

The incidence of the onset of type 1 diabetes in childhood (0-14 years) was studied in the
WHO DIAMOND project, which extended from 1990 to 1999 (18). The age-adjusted inci-
dence rates varied across the world; the highest incidence rate being found in Finland, 40 per
100,000/year and the lowest in Venezuela, 0.1 per 100,000/year. Sweden had the third high-
est incidence rate in the world (30 per 100,000/year) (18). A European report on childhood
onset of type 1 diabetes reported an annual incidence rate increase of 3.9% from 1989-93 to
1999-2003 (19). However, a previous study from Sweden reported that incidence rates in the
age group 0-34 years did not increase between 1983 and 1998, but shifted towards younger
age at diagnosis (20). Thunander and colleagues investigated newly diagnosed cases of diabetes
in the period 1998 to 2001 in Kronoberg county in Sweden and found an incidence of type 1
diabetes of 27 per 100,000/year in children and young adults <40 years, and 34 per 100,000/
year in adults aged 40 to 100 years (21).

Obesity and overweight epidemiology

The increasing prevalence of type 2 diabetes is closely linked to the increase in overweight and
obesity (22). The body mass index (BMI), calculated as the weight in kilograms divided by the
height in metres squared, is a measure of general obesity, and the WHO definitions are: normal
weight BMI <25 kg/m?, overweight BMI 25-29.9 kg/m? and obesity BMI 230 kg/m? (23). The
prevalence of obesity is increasing in the US and in 2001 was 21% (22). Although the preva-
lence is lower in Sweden, there has been an increase in obesity from 5% in the 1980s to 10% in
2002-03, and at that time the prevalence of overweight or obesity (BMI >25 kg/m2) was 44%
and in 2008-09 was 46%, among those aged 16-84 years (24).

CARDIOVASCULAR DISEASE

Cardiovascular diseases are large-vessel diseases including coronary heart disease, stroke and pe-
ripheral vascular disease. Atherosclerosis, which is the major underlying cause of cardiovascular
disease (CVD), is an ongoing inflammatory process in the vessel wall, leading to endothelium
dysfunction and plaque formation (25). Acute manifestations of CVD are often related to
plaque erosion or rupture triggering thrombosis (26). The atherosclerotic process is enhanced
in diabetes due to factors related to chronic hyperglycaemia and insulin resistance, resulting in
increased oxidative stress and increased inflammation and in endothelial dysfunction, as well
as hypercoagulability and a more atherogenic lipid profile (27-30).

Cardiovascular disease epidemiology

In the Western world, standardized mortality rates have been halved over the past two decades,
but CVD was still the most common cause of death in Sweden in 2008, accounting for ap-
proximately 40% of all deaths, in both men and women (17). Studies carried out in the UK,
the US and Sweden have shown a 50% reduction in mortality due to coronary heart disease
(CHD) over the past two decades, and half of this decline was explained by a reduction in
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major cardiovascular risk factors such as smoking, cholesterol and blood pressure; however,
this was counteracted by increases in BMI and prevalence of diabetes (31-33). The WHO
MONICA project also reported that CHD mortality rates were declining, and that advances in
medical care, including changes in coronary care and secondary prevention, were closely linked

to this progress (34, 35).

Diabetes and cardiovascular disease

Patients with diabetes run a marked increase in the risk of cardiovascular disease and mortal-
ity, compared with the general population, with a 2-4-fold increase in type 2 diabetes (36-40),
and 4-8-fold increase in type 1 diabetes (41, 42). A recent large meta-analysis of 102 prospec-
tive studies on 698,782 participants with no history of myocardial infarction or stroke, and
410,299 with diabetes (both type 1 and type 2) revealed about a 2-fold increase in the risk of
CHD and stroke in patients with diabetes, being somewhat higher for coronary death than for
non-fatal myocardial infarction (43). Two studies based on the General Practice Research Data-
base (GPRD) in the UK including over 7000 type 1 diabetic patients showed a 4-fold increase
in the risk of mortality compared with controls; the major cause of death being CVD (44), and
a 4-8-fold increase in major CVD (45).

Comparison of data from the US National Health and Nutrition Examination Survey
(NHANES ) regarding three cohorts of adults, 35-74 years old from the 1970s, 1980s and
1990s, revealed decreasing rates of total and CVD mortality in men with diabetes, but not
in women with diabetes, where both an increasing rate of total mortality and an unchanged
rate of CVD mortality were seen (46). However, a population based study from Norway have
shown improved CHD mortality rates in adults both with and without diabetes, but still two-
fold higher risk in adults with than without diabetes (47). Results from Sweden also indicate
declining mortality rates in both men and women with diabetes between 1980 and 2004 (48).
Norhammar and colleagues studied one year mortality rates after an acute MI and reported
improved survival rates from 1995 to 2002 from 29.7% to 19.7% in patients with diabetes and
from 16.6% to 12.1% in patients without diabetes (49).

Haffner and colleagues showed in 1998 in a Finnish population study that patients with type
2 diabetes had the same risk of fatal and non-fatal myocardial infarction (MI) as patients with
previous myocardial infarction, and that patients with both diabetes and prior MI had more
than double that risk (50). After a total follow-up period of 18 years, patients with diabetes
and no prior MI had the same risk of mortality due to CHD as patients with prior MI (51).
This understanding has led to attention being focused on cardiovascular risk factors in patients
with diabetes.
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CARDIOVASCULAR RISK FACTORS

Cardiovascular risk factors such as hypertension, cholesterol level, smoking and diabetes have
been acknowledged for many years (52). More recently, the INTERHEART study, a cross
sectional study on myocardial infarction, with 15,152 cases and 14,820 controls, from 52
countries around the world, found that smoking, abnormal lipid levels, diabetes, hyperten-
sion, abdominal obesity and psychosocial factors increased the risk of MI, whereas the regu-
lar consumption of alcohol, fruit and vegetables, and physical activity lowered the risk (53).
The authors concluded that, taken together, these nine modifiable risk factors could explain
approximately 90% of the MI risk. Similarly, the recently published INTERSTROKE study
showed that similar risk factors could account for 90% of the stroke risk (54). The association
between overweight and obesity, and increased risk of CVD and mortality is well established in
the general population, in both men and women (55-59).

Cardiovascular risk factors in diabetes

Most of the major CVD risk factors are the same in diabetes as in the general population (36,
52). Risk factors associated with CHD have been assessed in newly diagnosed patients with
type 2 diabetes in an observational study of patients included in the United Kingdom Prospec-
tive Diabetes Study (UKPDS) (60). Briefly, the UKPDS, a landmark study in type 2 diabetes,
recruited 3867 newly diagnosed patients with type 2 diabetes, aged 25-65 years, during 1977
to 1991, with the aim of establishing whether intensive glucose control could reduce the risks
of micro- and macrovascular complications in type 2 diabetes (61). In 2693 patients, followed
for mean of 7.9 years, higher levels of low-density lipoprotein (LDL) cholesterol, lower levels
of high-density lipoprotein (HDL) cholesterol, higher blood pressure, smoking and hyperg-
lycaemia at baseline were all associated with increased risk of CHD, whereas higher BMI and
waist:hip ratio (WHR) were not (60). Although overweight and obesity are highly prevalent
among patients with type 2 diabetes (9, 22, 62, 63), studies in patients with type 2 diabetes
have reported inverse, no or positive correlation between increasing BMI and CVD and mortal-
ity (64-67). Furthermore, diabetes-specific microvascular complications also increase the risk

of CHD (68).

CVD risk factors in type 1 diabetes differ to some extent from those in type 2 diabetes. Neph-
ropathy, both micro- and macroalbuminuria, is a major independent risk factor for both CHD
and mortality (69-72). In the 10-year follow-up of the Pittsburgh EDC study, 657 patients
with type 1 diabetes diagnosed from 1950 to 1980 have, after baseline examination in 1986-88,
been followed-up every other year regarding complications and risk factors, and it was found
that nephropathy, hypertension, lipid levels, and smoking independently predicted CHD (73).
The EURODIAB Prospective Complications Study (PCS) has reported risk factors for CHD
and mortality in 2787 type 1 diabetes patients followed for 7 years, and found that age and
albuminuria at baseline in both men and women, WHR in men, and systolic blood pressure
in women, were independent risk factors for CHD (70), while macroalbuminuria, neuropathy,
pulse pressure, non-HDL cholesterol and WHR were associated with increased risk of mortali-
ty (71). The original EURODIAB PCS involved 3250 patients with type 1 diabetes, aged 15-60
years, recruited from 31 centres in 16 European countries during 1989-1991, who have been
followed prospectively. Interestingly, in neither the EURODIAB study nor in the Pittsburgh
EDC study was glycaemia, measured as haemoglobin Alc (HbAlc) at baseline, independently
associated with CHD or mortality.
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Risk factor control in diabetes

Intervention studies on patients with diabetes have shown that treatment of hypertension, as
well as treatment with angiotensin-converting enzyme inhibitors irrespective of blood pressure
lowering effect, reduces the risk of both microvascular disease and CVD (74-76). The treatment
of hyperlipidaemia, in both primary and secondary preventions, also lowers the risk of CVD
(77-79). The benefit of multi-factorial risk factor control is shown in the Steno-2 study, compar-
ing intensive multi-factorial treatment, aimed at both pharmacological treatment and lifestyle
interventions with standard care in patients with type 2 diabetes and microalbuminuria (80,
81). Patients were followed for mean of 7.8 years, and intensively treated patients, with lower
levels of HbAlc, blood pressure, cholesterol and microalbuminuria, showed a 50% reduction
in both microvascular and macrovascular (absolute risk reduction of 20%) complications (80).
After additional observational follow-up of 5.5 years (total 13.3 y), risk factor control between
the groups levelled out, but there was still a 50% reduction in CVD risk and a 50% reduction
in total mortality in the former, intensively treated group (81).

Glycaemic control

Glycaemic control is of great concern to both patients and healthcare professionals, and a great
deal of effort is dedicated to this by those engaged in diabetes care (82-85). It is well established
that intensive glycaemic control reduces the risk of microvascular complications in patients
with type 1 diabetes (86, 87) and in type 2 diabetes (61, 88). However, the role of glycaemic
control in reducing the risk of macrovascular complications is less clear.

Measurement of glycaemia in diabetes care

Haemoglobin Alc (HbAlc) is regarded as the gold standard for monitoring long-term gly-
caemic control, as it is clearly related to development of microvascular complications (89).
Circulating plasma glucose binds non-enzymatically and irreversibly to the haemoglobin of
the red blood cells, and the Alc fraction is directly related to the plasma glucose concentra-
tion. Since the red blood cells circulate for a period of about 120 days, HbAlc represents the
mean glycaemic level over the past 2 to 3 months (89). It has been shown that HbAlc is well
correlated to an average glucose level, where a 1% increase in HbAlc represents an increase in
average plasma glucose of approximately 1.6 mmol/L (90). In Sweden, HbAlc is measured
with the Mono-S technique, which gives values about 1% unit lower than the DCCT (Diabetes
Control and Complications Trial) standard. The Mono-S HbAlc level can be converted to the
DCCT standard using a formula (91). Consensus on the worldwide standardization of HbAlc
measurements and a change in units from % to mmol/mol was achieved in 2007 (an HbAlc
(DCCT) value of 5% corresponds to ~ 33 mmol/mol and 8% to ~ 65 mmol/mol) (92). The
implementation process of this new standard started in Sweden September 2010.

Glycaemic control in type 1 diabetes

No long-term, randomized clinical trials have been performed on patients with type 1 diabetes
adequately examining the relationship between glycaemic control and macrovascular complica-
tions, and epidemiological studies have shown conflicting results (70, 71, 93-98). The Diabetes
Control and Complications Trial (DCCT), a landmark study of the effects of intensive glucose
lowering therapy on development of microvascular complications carried out in the US in
1441 patients with type 1 diabetes, showed no significant reduction of CVD risk (86, 94). The
following observational Epidemiology of Diabetes Interventions and Complications (EDIC)
study, showed that patients who had previously been subjected to intensive glucose control
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during the DCCT had a considerably lower risk of CVD than patients receiving standard treat-
ment, in the period 1983-1993 (93). A small study conducted in Finland on late-onset type 1
diabetic patients without albuminuria showed an increased risk of CHD with poor glycaemic
control (95), but the EURODIAB PCS, the Pittsburgh EDC and the Wisconsin Epidemiologic
Study of Diabetic Retinopathy found no significant relationship between glycaemia and CHD
after controlling for other cardiovascular risk factors (70, 71, 96, 97). However, a recent study
by the Pittsburgh EDC showed that a change in HbAlc was related to CHD, whereas baseline
HbA1c was not (98).

Glycaemic control in type 2 diabetes

Epidemiological studies in type 2 diabetes (60, 68, 99-101), as well as studies on mainly non-
diabetic individuals (102-105), have shown a positive association between HbAlc and CVD
risk, although recent, randomized clinical trials have not been able to confirm that intensive
treatment and lowering of HbA1c were beneficial with regard to CVD risk (88, 106, 107). Two
large multi-centre randomized trials including over 10,000 participants each, the Action to
Control Cardiovascular Risk in Diabetes (ACCORD) trial and the Action in Diabetes and Vas-
cular Disease: Preterax and Diamicron Modified Release Controlled Evaluation (ADVANCE),
did not show that intensive glucose control reduced the cardiovascular risk or mortality (88,
106). In fact, the ACCORD study showed an increase in the risk of all-cause mortality in the
intensively treated group, (HR 1.22 (95% confidence interval (CI)1.01-1.46; p=0.04), and the
study was discontinued early after 3% years (106). The comparison of two groups with median
HbA1lc levels of 6.4% and 7.5% in the ACCORD study showed no significant risk reduction
in the primary outcome (non-fatal MI and stroke, and CVD mortality) with intensive glucose
control after 3% years (HR 0.90 (0.78-1.04); p=0.16), although a significant reduction was
seen in the risk of non-fatal MI (HR 0.76 (0.62-0.92); p=0.004). The ADVANCE trial, com-
paring two groups with mean HbAIc levels of 6.5% and 7.3%, showed no significant reduction
of risk for major macrovascular events after 5 years (HR 0.94 (0.84-1.04); p=0.32) or all-cause
mortality (HR 0.93 (0.83-1.06); p=0.28) (88). Similar results were reported in the Veterans
Affairs Diabetes Trial (VATD) trial, conducted in the US, i.e. no effect on the risk of CVD or
total mortality as the result of intensive treatment (107).

These results, both the non-significant findings in the ADVANCE and VATD studies, and
the increase in total mortality in the ACCORD study, have been extensively discussed (85).
Although the study populations were large, they may still have been under-powered to detect a
difference with an overall expected incidence rate of CVD events of 2%. Perhaps the follow-up
time was too short. Maybe the intensive treatment strategies were too aggressive in patients vul-
nerable to cardiovascular events. The debate intensified early in 2010, following the publication
of the results of an observational study based on the UK GPRD, which showed an increased
risk of all-cause mortality and progression to CVD in patients with lower and higher HbAlc
levels, and the lowest risk at a level of 7.5%, in both patients treated with oral agents and in
patients on insulin-based therapies (108).
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GUIDELINES ON DIABETES CARE

National as well as international guidelines on diabetes care and on the prevention of car-
diovascular diseases have been drawn up based on evidence-based knowledge and concensus,
with the intention of improving care and the well-being and health of the individual diabetes
patient (82, 83, 109). The American Diabetes Association (ADA) publishes annual updates
of standards of diabetes care (82), and in Sweden revised national guidelines of diabetes care
were published in February 2010 (109). Guidelines include recommendations for the preven-
tion and screening of complications, and focus on management recommendations concerning
pharmacological treatment and lifestyle changes such as more physical activity and giving up
smoking, as well as suitable ways to educate diabetes patients on their condition. Treatment
target levels for glycaemic control, blood pressure and blood lipids in different guidelines are
summarized in Table 1.

1able 1. Summary of main treatment target levels in different guidelines

Sweden? ESC/EASD? ADA3
HbA1c (DCCT) <7.0% <6.5% <7.0%
Blood pressure <130/80 mmHg <130/80 mmHg <130/80 mmHg
Total cholesterol <4.5 mmol/L
LDL cholesterol <2.5 mmol/L . SI.S.mmol/L <2.5 mmol/L
(if previous CVD)

! National Board of Health and Welfare in Sweden National Guidelines on Diabetes Care
in 2010.

2 European Society of Cardiology and European Association for the Study of Diabetes: Prac-
tice Guidelines on Diabetes, Pre-diabetes and Cardiovascular Diseases in 2007.

3 American Diabetes Association Standards of Diabetes Care in 2010.
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AIMS

* To describe the clinical characteristics and risk factors in patients with type 1 diabe-
tes, and to evaluate the degree of fulfilment of treatment targets, and to analyse predic-
tors of long-term successful glycaemic control

* To investigate the association between glycaemic control and CVD in type 1 diabe-
tes, also with regard to effects of diabetes duration and albuminuria

* To investigate the association between BMI, overweight and obesity, and CVD and
mortality in type 2 diabetes

* To investigate the association between glycaemic control and CVD and mortality

in type 2 diabetes, also with regard to diabetes duration, previous CVD, and type of
hypoglycaemic treatment
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PATIENTS AND METHODS

THE SWEDISH NATIONAL DIABETES REGISTER

The Swedish National Diabetes Register (NDR) was initiated in 1996 in response
to the St. Vincent Declaration of quality control in diabetes care (110). The overall
objective of the St Vincent Declaration on diabetes care and research in Europe is to
improve the quality of life and health of people with diabetes and ensure cost effective-
ness in diabetes care (111). The main aim of the NDR is to improve diabetes care by
monitoring care by encouraging the registration of data on all patients at least once a
year. Health centres are able to use national results as benchmarking tools for quality
control at their own unit, and adherence to treatment targets and national guidelines
can be followed. Reporting to the NDR is not mandatory, but all hospital diabetes
outpatient clinics and primary healthcare centres are encouraged to do so. All patients
are informed about the register, and have agreed to be included.

Data on patients are reported annually by physicians, or nurses trained in diabetes care.
Clinical characteristics, the results of laboratory tests, kind of treatment, complications
and process measurements obtained during normal clinical visits are registered using
a printed form or specifically developed computer software. Since 2001 it has been
possible to report data via the Internet (www.ndr.nu), and since 2003 also by export-
ing data from electronic patient records. All information is subsequently stored in a
central database. Data safety and confidentiality are maintained by the use of unique
user names and passwords for each unit and encrypted Internet communication. The

variables recorded in the Swedish NDR are listed in Table 2.

Table 2. Variables recorded in the Swedish NDR.

Registration date Nephropathy (clinical diagnosis)

Personal identification number Smoking status

Healthcare unit (code)

Previous CHD

Date of diabetes diagnosis

Previous stroke

Type of diabetes (voluntary)

Retinal screening

Type of hypoglycaemic treatment

Retinopathy

HbAlc

Foot examination

Weight, height, BMI

Blood lipid level (since 2002)

Blood pressure

Acetyl Salicylic Acid (ASA) medication (since 2002)

Antihypertensive medication

Waist circumference (since 2004)

Lipid-lowering medication

Physical activity (since 2004)

Albuminuria, s-creatinine

Hypoglycaemic events (since 2009)
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Validation

A validation study was performed in 2005 in the region of Skéne, by the former head
of the NDR, Anders Nilsson. Using the capture—recapture technique, data for 1017
patients (30% of all patients registered at hospital outpatients clinics in Skine 2004)
were compared with clinical records, showing that data entry was generally accurate
(capture). The study showed that 94% (median, range 89-97%) of the variables were
correctly entered. The study also showed that patients not registered differed only
marginally from registered patients (recapture) (112). Local validation initiatives have
also shown that registered data are generally accurate. Further validation studies in
primary care are ongoing.

Number of patients

The number of registered patients has increased since the register was introduced in
1996, especially patients reported by primary healthcare centres (Figure 1). Hospital
clinics have participated to a large extent from the beginning, and reported data on
26,361 patients in 1997, on 30,354 patients in 2003 and on 45,232 in 2009. Primary
healthcare centres reported data on 14,793 patents in 1997, and since 2002 there has
been a remarkable increase in both the number of patients included and the number
of participating units; 49,289 patients in 2003 and over 210,000 patients in 2009. In
total 262,333 patients were reported in 2009. Assuming the prevalence of diabetes to
be 4% in Sweden, it was estimated that data on about 70% of all patients with diabetes
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Figure 1. Number of patients registered in the Swedish NDR from 1996 to 2009.
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were reported to the NDR in 2009. Coverage varied between counties from 40% (2
county health authorities) to 90% in 2009. A degree of coverage of about 70% was also
found when comparing the number of patients in the NDR on oral hypoglycaemic
agents (OHA) or insulin with the number of dispensed prescriptions for hypoglycae-
mic agents in the pharmaceutical register.

The Swedish NDR - A tool for quality control

The NDR offers the participating units possibilities for improving diabetes care. The
NDR promotes education and the evaluation of the quality of care, in courses and in
quality assurance projects, where the local units work with their own data and discuss
improvement strategies. The units can obtain both technical and statistical support in
analysing their own data. Online support providing print-outs for individual patients
can be used in patient consultations.

METHODOLOGY

Brief overview of the study designs used in clinical research

Clinical research studies are usually divided into experimental and observational stud-
ies (113). In an experimental study, for example a randomized control trial, the inves-
tigator assigns the exposure whereas in observational studies the investigator observes
an already existing exposure. The most common observational study designs are cohort
studies, case-control studies and cross-sectional studies (113). In cohort studies the
subjects are followed over time, information is gathered on characteristics and expo-
sures at baseline, and the outcomes are studied over a given period of time. Cumulative
incidence, incidence rates and relative risks can be estimated (114). In case-control
studies, subjects with a particular outcome (the cases) and subjects without the out-
come (the controls) are identified and then previous exposures between the two groups

’ Did investigator assign exposures? ‘

I

No

Observational study
Comparison group?

Yes

Experimental study
Random allocation?

Yes No Yes No
Randomized Non-randomized ‘ Analytical study Descriptive study
controlled trial controlled trial
Cohort study Case-control Cross-sectional

study study

Figure 2: Algorithm for clinical research (adapted from reference 113).
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are compared (115). The odds ratio between the cases and controls is interpreted as
the relative risk. Cross-sectional studies assess all individuals at the same point in time,
often to examine the prevalence of exposures, risk factors or disease (116).

Study design and participants in the present studies

The studies described in this thesis are all observational studies based on data from the
NDR. Study I is a cross-sectional study, while Studies II, III and IV are longitudinal
cohort studies. An overview of the study design, participants and main study character-
istics is presented in Table 3. In Studies IIT and IV on type 2 diabetes, patients younger
than 30 years were excluded due to the expected low risk of CVD, and patients older
than 75 years (Study III) and 79 years (Study IV) were also excluded to avoid the
effects of co-morbidity. In Study II, on type 1 diabetes, patients with long-standing
diabetes were excluded as this group of patients is less likely to be representative of all
patients (117). Patients with previous cardiovascular disease were included in Studies II
and IV, as they are representative of the patients in a clinical setting. However, patients
with and without a history of CVD were analysed separately in the study of type 2
diabetes (Study IV).

Table 3. Study design, patients and main inclusion criteria in the present studies.

Study I Il 1] v

Type of diabetes | Type 1 diabetes | Type 1 diabetes | Type 2 diabetes | Type 2 diabetes
Type of study Cross-sectional [ Cohort study Cohort study Cohort study
Number of 9424 and

patients 13.612 7454 13,087 18,334
Baseline years 1997 and 2004 2002/2003 1997/1998 1997/1998
Patient age > 18 years 20-65 years 30-74 years 30-79 years
I?labetes dura- 1-35 years

tion

Follow-up time 4.95 years

(end of study) (2007) 5.6 years (2003) | 5.6 years (2003)
Hlstory' s Yes (3%) No Yes (18%)

at baseline

Key variable HbA1lc 5.0- ,| HbAlc5.0-
range 11.9% BMI 218 kg/m 10.9%
Number of

fatal/non-fatal

CVD events 154 1922 3823
(outcome)

Person-years 32,931 64,864 87,815
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Study 1

In Study I, on risk factor control in type 1 diabetes, clinical characteristics and risk
factor control were analysed in two cross-sectional samples of 9424 patients in 1997
and 13,612 patients in 2004. Blood lipid levels were analysed in 2002 (n=6804) and
2004 (n=10,933). Logistic regression was used to analyse the predictors of long-term
development of HbAlc and blood pressure in 4294 patients who were followed indi-
vidually from 1997 to 2004.

Study 11

In this study, examining glycaemic control and cardiovascular risk in type 1 diabetes,
7454 patients, aged 20-65 years, with a diabetes duration of 1-35 years, were followed
from 2002 to 2007. The participants were also divided, at baseline, into subgroups of
shorter and longer disease duration, and lower and higher HbA1lc intervals, as outlined
in Figure 3. Patients were followed-up for a mean period of 4.95 years, and the end-
point events were fatal or non-fatal CHD, fatal or non-fatal stroke, fatal or non-fatal

CVD and total mortality.

7454 patients with type 1 diabetes, aged 20-65 years, diabetes duration 1-35 years, 3% with a history of CVD

— HbA1c 5.0-7.9% Duration 1-20 years |—1
n=4186 n=3763
HbA1c 8.0-11.9% Duration 21-35 years
n=3268 n=3691

Figure 3. The design of Study II.

Study 111

Associations between BMI, overweight and obesity, and cardiovascular risk in type
2 diabetes were assessed in Study III, where 13,087 patients, aged 30-74 years, with
no previous history of CVD were followed from baseline until a cardiovascular event,
death, or 31 December, 2003 (mean follow-up 5.6 years). BMI was analysed as a con-
tinuous variable per 5-unit increase, and in groups of normal weight, overweight and
obesity, as shown in Figure 4. The following endpoints were analysed: fatal or non-fatal
CHD, fatal or non-fatal stroke, fatal or non-fatal CVD, and total mortality. Change
in BMI was analysed in a subgroup of 4,916 overweight or obese (BMI 25-40 kg/m?)

patients for whom data were available at baseline and at follow-up.
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Study IV

In Study IV, on glycaemic control and CVD risk in type 2 diabetes, 18,334 patients,
aged 30-79 years, of which 18% had a history of CVD, were followed for 6 years from
1997/98 to 2003. HbAlc was analysed as a continuous variable, and by comparison of
groups with higher and lower HbAlc intervals. The effect of glycaemia was also ana-
lysed in patients sub-grouped according to shorter (mean 3 years) or longer (mean 15
years) diabetes duration, by the presence or absence of previous CVD, or by treatment
with oral hypoglycaemic agents (OHAs) or insulin (Figure 5). The mean follow-up
period was 5.6 years, and the endpoint events were fatal or non-fatal CHD, stroke,

13,087 patients with type 2 diabetes, aged 30-74 years, BMI >18 kg/m?

BMI <25kg/m?
n=2676 Patients with BMI
25-40 kg/m? at baseline
and known BMI at

BMI 25-29.9 kg/m?2 follow-up, n=4916
n=5491

BMI 230 kg/m?
n=4920

Figure 4. The design of Study I11.

CVD and total mortality.

18,334 patients with type 2 diabetes, aged 30-79 years, 18% with a history of CVD

Duration <7 years
n=10,016

Duration >7 years
n=8318

Patients with baseline Patients treated with OHA
HbA1c between or insulin at baseline
No Previous CVD 6.0% and 8.9%, n=14,509
n=15,058 n=14,211
Previous CVD | | HbA1c6.06.9% o
n=4841 n OHA only at

baseline n=6687

HbA1¢ 7.0-7.9%
n=5660 On any Insulin at
baseline n=7822

HbA1c 8.0-8.9%
n=3710

Figure 5. The design of Study IV



Definition of diabetes

Patients were diagnosed as having diabetes at their local outpatient clinic or primary
healthcare centre according to current WHO criteria (1). In the present studies epi-
demiological definitions of type 1 and type 2 diabetes were used. The epidemiological
definition of type 1 diabetes used in Studies I and II was: treatment with insulin only,
and age at the onset of diabetes of 30 years or younger. In Studies III and IV the defini-
tion of type 2 diabetes was: a patient treated with dietary and lifestyle changes alone
or OHAs alone, or age at onset of diabetes >40 years and treatment with insulin either
alone or in combination with OHAs.

Register linkage procedure used to determine endpoint events

In Studies II, III and IV on cardiovascular disease risk, all endpoint events were re-
trieved by data linkage with the Swedish Cause of Death Register and the Hospital
Discharge Register. These registers are supervised by the National Board of Health and
Welfare in Sweden, and reporting has been mandatory since 1987. Cardiovascular di-
agnoses in the Hospital Discharge Register have been validated, showing a high degree
of validity, approximately 95% for MI and stroke, and 82% for CHF, when compared
with hospital records (118-121). Register linkage is possible in Sweden since all Swed-
ish permanent residents have a unique 12-digit personal identification number. After
ethical approval, and separate approval from the National Board of Health and Wel-
fare, the file containing the NDR data was sent to the epidemiological centre at the
National Board of Health and Welfare, where the merge was done and the new file was
returned to the NDR with a new, unique identification number for each patient. The
first linkage was performed in 2005 with complete information on hospital discharge
diagnosis and mortality until 31 December 2003 (Studies III and IV), and the second
in 2009, including information up until 31 December 2007 (Study II).

Definition of CVD events

The International Classification of Diseases, version 9 (ICD-9), was used from 1987 to
1996, and version 10 (ICD-10) after 1997. The cardiovascular endpoint events were
defined according to ICD-9 or ICD-10 codes, as well as the history of CVD, history of
congestive heart failure, dating back to 1987 (http://www.who.int/ classifications/icd/
en/). Fatal CHD was defined as ICD-10 codes 120-125. Non-fatal CHD was defined
as non-fatal myocardial infarction (MI) (ICD-10 code 121), unstable angina (ICD-
10 code 120.0), percutaneous coronary intervention and/or coronary artery bypass
grafting. Stroke was defined as a fatal or non-fatal cerebral infarction, intracerebral
haemorrhage or unspecified stroke (ICD-10 codes 161, 163, 164 and 167.9). CVD was
defined as the composite of CHD or stroke, whichever occurred first, and the same
definition was used for a history of CVD at baseline. A history of congestive heart
failure (CHF) at baseline was defined as ICD-10 code I50. Peripheral vascular disease
was not included.
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Clinical characteristics at baseline and laboratory testing

The clinical characteristics analysed in the cross sectional study (Study I) and at base-
line in Studies II, III and IV were age, sex, diabetes duration, HbA1c level, type of hy-
poglycaemic treatment, BMI, smoking status, blood pressure, use of antihypertensive
medication and lipid-lowering medication, and albuminuria. Blood lipid levels and
use of acetyl salicylic acid (ASA) have been registered since 2002, and were considered
in Studies I and II. Patients were screened using local methods, although guidelines
were available to ensure the use of similar methodology. Analyses of HbAlc, blood
lipids and albuminuria were carried out at local laboratories. The BMI was calculated
as weight (kg) divided by height (m) squared. The Swedish standard for blood pressure
recording was used, and applied as the mean of two readings (Korotkoff phases 1-5),
with the patient sitting or lying down, using a cuff of appropriate size. Hypertension
(Study I) was defined as untreated blood pressure >140/90 mmHg or antihypertensive
treatment using the current WHO and ADA definition (1, 82). A smoker was defined
as a patient who smoked one or more cigarettes per day, or a pipe daily, or who had
stopped smoking within the past 3 months. LDL cholesterol values were calculated
using Friedewald’s formula: LDL cholesterol = total cholesterol — HDL cholesterol —
(0.45 x triglycerides), if triglycerides <4.0 mmol/l (122). Albuminuria was defined as
urine albumin excretion >20 pg/min, including microalbuminuria (20-200 pg/min) or
macroalbuminuria (>200 pg/min) in two out of three consecutive tests.

HbAlc analyses have been quality assured in Sweden since 1996. Both hospital out-
patient clinics and primary healthcare centres use methods regularly calibrated to the
Mono-S standard, a high-performance liquid chromatography method. All HbAlc
values were converted into the DCCT standard levels: HbAlc (DCCT) = 0.923 x
HbA1c (Mono-S) + 1.345; R2=0.998 (91). In Studies IT and IV, HbA1c was measured
at baseline and also over time as an updated mean of annual HbAlc measurements,
calculated for each individual from baseline to each year of follow-up, with the last
observation carried forward in the case of missing data. In cases of a cardiovascular
event or death during follow-up, the period used to estimate the updated mean HbAlc
was from baseline to the year before the event occurred, otherwise from baseline to the
date of censor.
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STATISTICAL METHODS

Basic concepts in survival analysis

In survival analysis, the outcome variable of interest is the time until an event occurs
(123). This is called the survival time, as the event is often death, but the event of
interest can also be a non-fatal event. A key feature of survival analysis is taking into
account the censoring effect. Censoring arises when a patient has not suffered an event
by the end of the follow up period, is lost to follow-up, or experiences another event
that makes follow-up impossible. The survival probability (survival function) is the
probability of surviving from the start of the study to a specified time in the future. The
hazard probability can be described as the instantaneous risk of an event, given that
the individual has survived until that point. The Kaplan-Meier and Cox proportional
hazards models are two methods frequently used in survival analysis (123).

The Kaplan-Meier method

The Kaplan-Meier method is a non-parametric method, and Kaplan-Meier survival
curves describe the relationship between survival probability and follow-up time. This
information is usually presented as curves, but can also be presented as the survival
probability at a certain time. The follow-up time is usually divided into equal intervals,
and the survival probability is the proportion of individuals alive at a certain time, of
those known to be alive in the previous time interval (patients at risk) (123). It is a
univariate analysis as it describes survival as a result of one factor, and the analysis can-
not be adjusted for other factors (covariates) (124).

Cox proportional hazards model

The Cox proportional hazards model, also referred to as the Cox regression model,
is a semi-parametric model and one of the most commonly used models in survival
analysis. It is a survival analysis regression model describing the relations between event
incidence, as expressed by the hazard function, and a set of covariates (124). The model
requires proportional hazards, which means that the hazard ratio (HR), i.e. the relative
hazard between two groups, is constant over time. The results are presented as HRs,
and a value above 1.0 indicates a higher risk for the outcome in the first group versus
the second, whereas a HR less than 1.0 indicates a lower risk in the first group com-
pared with the second (124).

The smoothing spline is a method of smoothing (fitting a smooth curve to a set of
noisy observations) using a spline function. The cubic regression spline produces vis-
ibly smooth curves, increasing the transparency of data for statistical presentation, and
facilitating clinical interpretation (125).
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Statistical methods used in the studies
All statistical analyses were performed using SAS version 9.1.3, (SAS Institute, Cary,
NC, USA). A p- value <0.05 at two-tailed test was considered statistically significant.

Data are given as mean values + one standard deviation (SD) for continuous vari-
ables, and as percentages for categorical variables. The significance of differences was
estimated with Student’s t-test for mean values, X* test for frequencies. Significance
levels for trends of differences between groups were analysed using ANOVA (analysis
of variance) for mean values and the X? test for frequencies. In Study I logistic regres-
sion was used to explore possible predictors of long-term control of HbAlc and blood
pressure as nominal, dependent variables, and with clinical characteristics at baseline
as the continuous or nominal predictors.

In Studies IT and IV Cox proportional hazards models were used to estimate adjusted
hazard ratios and 95% confidence intervals, for the outcomes CHD, stroke, CVD
and total mortality per 1%-unit increase in baseline HbAlc or updated mean HbAlc,
and also to compare higher and lower intervals of baseline HbAlc. The updated mean
HbA1lc value was treated as a strictly time-dependent variable in the Cox regression
model to evaluate glycaemic exposure during follow-up. In Study II HRs were adjusted
for age, sex, diabetes duration, systolic blood pressure, total cholesterol, LDL choles-
terol, triglycerides, BMI, smoking, albuminuria and history of CVD, unless stated
otherwise. In Study IV HR were adjusted for sex, age, diabetes duration, BMI, smok-
ing status, systolic blood pressure, antihypertensive and lipid-lowering drug use, albu-
minuria >20 pg/min, type of hypoglycaemic treatment, history of CVD and history of
congestive heart failure, unless stated otherwise. Continuous covariates were analysed
per 1-unit increase in the models.

In Study III adjusted hazard ratios for BMI (per 5-unit increase), overweight and obes-
ity at baseline and first-incident cardiovascular events were estimated using Cox pro-
portional hazards models, also used to estimate adjusted HRs for changes in BMI dur-
ing the study period and the outcomes in a subgroup of overweight or obese patients.
Model 1 adjusted for age, sex, type of hypoglycaemic treatment, diabetes duration,
smoking and significant interactions. Model 2 also adjusted for HbAl¢, systolic blood
pressure, antihypertensive and lipid-lowering medication and albuminuria.

In Studies II, IIT and IV the proportional hazards assumption was tested for all covari-
ates in the models with the Kolmogorov-type Supremum test using resampling, and
with Test of all time-dependent covariates simultaneously (126), and confirmed that
this assumption was not rejected for any of the included covariates (p >0.05). Interac-
tions were tested using Maximum likelihood estimations. In Study II there was no
significant interaction between HbAlc and the covariates included, whereas in Study
IV, on type 2 diabetes, there was a significant interaction between HbAlc and diabetes
duration. Analysis stratified by shorter and longer duration was included. In Study III
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the interaction between BMI and the change in BMI, and all covariates was analysed
with maximum likelihood estimation, and significant interaction variables were added
in all Cox regression analyses.

In the two most recent studies (II and IV), a Cox regression model was also used to es-
timate 5-year event rates (1 — survival rate) in Study II, and 6-year event rates in Study
IV, for cardiovascular diseases, where the model output was the adjusted 5-year event
rate (or G-year event rate) in each participant, adjusted for covariates, as given in the
tables and figures (127). These event rates were also analysed as splines in relation to
HbA1c across the range (125). Stratification was performed to achieve adjusted mean
event rates (+ SD) by groups or deciles of lower and higher HbAlc. The significance
level for the difference in mean event rates between the two groups with lower and
higher baseline HbAlc intervals was analysed with Student’s t-test, after logarithmic
transformation of the event rates to achieve a normal distribution. In Study IV, Kap-
lan-Meier observed 6-year failure rates were also estimated at survival analysis in each
group of different HbA1c levels, for calibration of the mean event rates.

ETHICAL CONSIDERATIONS
The Regional Ethics Review Board at the University of Gothenburg approved the stud-
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MAIN RESULTS

STUDIES ON TYPE 1 DIABETES

The results of the cross sectional study of all patients in 1997 and 2004 (Study I), are
summarized in Table 4 (following page), together with, the baseline characteristics in
the cohort study on glycaemia control and CVD risk in type 1 diabetic patients, aged
20-65 years with a duration of diabetes of 1-35 years, (Study II).

Cross-sectional results (Study I)

The cross sectional surveys showed an almost unchanged mean age of 39-42 years and
mean diabetes duration of 23-26 years between 1997 and 2004, unchanged mean
age of debut of 15 years and unchanged proportion of women (46%). Slight, but
significant improvements in HbA1c levels, blood pressure and lipid levels were seen to-
gether with a small increase in BMI. Significantly more patients were also being treated
with lipid-lowering and antihypertensive medication in 2004 than in 1997; the most
marked change being that in lipid-lowering medication, with an increase from 4% in
1997 (20% in 2002) to 24% in 2004. The rate of smoking decreased from 15% to
13%, and was highest in younger women and middle-aged patients. Repeated control
of eye and foot status were performed in almost all patients in 2004.

The percentages of patients reaching the treatment target levels for glycaemia, blood
pressure, blood lipid levels and BMI are presented in Table 5. The proportions of pa-
tients reaching the treatment target of HbAlc <7% were 17% in 1997 and 21% in
2004. Over half of the patients (56%) reached an HbAlc level <8% in 2004. More
patients reached both blood pressure and lipid target levels in 2004. Those achieving
blood pressure <130/80 mmHg constituted 61% in 2004, and about half of the pa-
tients achieved LDL cholesterol <2.5 mmol/L. Although an increase was seen in the
number of obese patients (from 8% to 10%), over 50% were still of normal weight in

2004.

Longitudinal study (Study 1)

The longitudinal study comprised a subgroup of 4296 patients with type 1 diabetes
that could be followed individually from 1997 to 2004. Logistic regression analysis
showed that long-term successful glycaemic control (HbAlc <7.3% in 1997 and in
2004) was independently predicted by low BMI, not smoking and the absence of
microalbuminuria at baseline. Successful long-term BP control (BP <130/80 mmHg
in 1997 and 2004) was predicted by low BMI and the absence of microalbuminuria at
baseline, and by weight loss during the period, independently of age, sex, duration of
diabetes and the use of antihypertensive drugs.
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Table 4. Comparison of clinical characteristics in the cross sectional samples of patients
with type 1 diabetes in 1997 and 2004, and the baseline characteristics 2002/2003 in
the study on CVD risk in type 1 diabetes.

Study | Study Il
All patients Aggjggjnyrs
age 218 years 1-35 yrs
1997 2004 p-value 2002/2003
Number 9424 13,612 7454
Age, y 38.6+13 41.6x14 <0.001 36.9+10.0
Male sex, % 54.4 54.5 n.s. 55.8
Duration, y 23.1+13 26.1+14 <0.01 19.949.1
HbAlc, % 8.16+1.3 7.96+1.2 <0.001 8.0+1.2
Systolic BB, mmHg 130.0+18 128.7+17 <0.001 125.3+14.9
Diastolic BE, mmHg 75.0+9 73.6+9 <0.001 -
Antihypertensive drugs, % 23.0 33.9 <0.001 24.4
Hypertension, % 42.4 45.5 <0.001 -
Lipid-lowering drugs, % 4.0 24.4 <0.001 16.6
BMI, kg/m? 24.9+3.5 25.3+3.9 <0.001 25.3+3.7
Smokers, % 15.1 13.3 <0.001 13.5

Age <30 years, women, % 15.4 16.0 n.s -

Age <30 years, men, % 9.0 9.3 n.s. -

Age 30-59 years, % 17.0 14.3 <0.001 -

Age >60 years, % 8.8 9.0 n.s -
Total Cholesterol, mmol/L 4.93+0.91 4.78+0.9 <0.001 4.82+0.9
LDL Cholesterol, mmol/L 2.82+0.80 2.67+0.8 <0.001 2.75+0.8
HDL Cholesterol, mmol/L 1.61+0.47 1.62+0.5 n.s. -
Triglycerides, mmol/L 1.12£0.58 1.08+0.6 <0.01 1.09+0.6
ASA, % 11.9 16.8 <0.001 6.8

The values given are means + SD or frequencies (%). Significance levels in Study I were
tested with general linear model and were adjusted for age and sex. n.s: not significant.

Glycaemic control and CVD risk in type 1 diabetes (Study II)
Baseline characteristics are given in Table 4 for all 7474 patients with type 1 diabetes,
aged 20-65 years, with 1-35 years of diabetes duration; 3% of the patients had a history
of CVD. The patients were also divided into two groups with lower or higher baseline
HbA1Ic intervals, where the group with higher HbAlc had a somewhat more adverse
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risk factor profile. Cox proportional hazards models were used to assess the risk of car-
diovascular diseases and total mortality. The mean follow-up time was 4.95 years, and
154 CVD events occurred during this time. Crude event rates per 1000 person-years
were 4.0 for CHD, 1.1 for stroke, 4.7 for CVD and 2.8 for total mortality. HbAlc was
analysed as a continuous variable, and the two groups with higher and lower HbA1lc
at baseline were compared.

Table 5. Comparison of risk factor control in samples of patients with type 1 diabetes
registered in the NDR in 1997 and 2004.

All patients 1997 2004 p-value
Number 9424 13612

HbAlc <7 % 17.4 21.2 <0.001
HbAlc <8 % 49.1 56.2 <0.001
HbAlc <9 % 76.7 81.9 <0.001
Blood pressure <130/80, % 35.2 39.3 <0.001
Blood pressure <130/80, % 58.1 61.3 <0.001
Blood pressure <140/85, % 77.1 80.6 <0.001
BMI <25, % 56.2 52.3 <0.001
BMI >30, % 8.1 10.5 <0.001
Patients treated with 2002 2004

lipid-lowering medication: n=1474 n=2738

Total Cholesterol <4.5 mmol/L, % 27.7 37.7 <0.001
LDL Cholesterol <2.5 mmol/L, % 38.3 48.1 <0.001
Triglycerides <1.7 mmol/L, % 75.9 80.9 <0.01

The values given are frequencies (%). Significance levels of trend for frequencies were
adjusted for age and sex using the general linear model.

HbAlc as a continuous variable

Table 6 (following page) gives hazard ratios per 1%-unit increase in baseline HbAlc or
updated mean HbAlc in all patients and in those sub-grouped according to median
duration. HRs for CHD and CVD per 1%-unit increase in HbAlc were 1.31 and
1.26 (p<0.001), respectively, when adjusted for age, sex, diabetes duration, systolic
blood pressure, total and LDL cholesterol, triglycerides, BMI, smoking, and a history
of CVD (Model 1). Risks were slightly attenuated, but still significant, when also ad-
justed for albuminuria (Model 2). Similar HRs were seen when using updated mean
HbA1c values. Significant HRs were also seen in patients with both shorter (mean 12
years) and longer durations (mean 28 years) of diabetes. The HRs for stroke and total
mortality were not significant. Adjusted 5-year event rates of CHD and CVD by base
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1able 6. Hazard ratios for cardiovascular diseases and total mortality, and baseline or up-
dated mean HbAIc per 1%-unit increase, in 7454 patients with type 1 diabetes followed

for 5 years.
Patients/
Events/ .
Baseline HbAlc as Updated mean HbAlc
Outcome Mean . .
predictor as predictor
event
rate, % ®
HR (95% CI) | HR (95% CI) | HR (95% CI) | HR (95% Cl)
Model 1 Model 2 Model 1 Model 2
Fatal/non-fatal
CHD
All batients 7454 1 131 1.31 1.28 1.34 1.30
p /2.0 (1.12-1.52) ' | (1.09-1.49) 2 | (1.14-1.58) ' | (1.10-1.53) 2
Duration 3763 /25 1.49 1.46 1.45 1.41
1-20 years /0.8 (1.08-2.05) 3 | (1.06-2.01) 3 | (1.03-2.03) 3 | (1.01-1.97) 3
Duration 3691/ 106 1.30 1.27 1.38 1.34
21-35 years /3.2 (1.10-1.54) ? | (1.07-1.50) % | (1.15-1.67) ' | (1.11-1.62) ?
Fatal/non-fatal
stroke
All patient 7454 | 37 1.12 1.08 1.24 1.19
patients /0.6 (0.83-1.51) | (0.80-1.47) | (0.89-1.72) | (0.86-1.66)
Fatal/non-fatal
CVD
All batients 7454 1 154 1.26 1.22 1.32 1.27
p /24 | (1.09-1.45) ' | (1.06-1.40) 2 | (1.14-1.54) ' | (1.09-1.80) 2
Duration 3763 /26 1.49 1.46 1.48 1.44
1-20 years /0.8 (1.09-2.04) 3 | (1.07-2.00) 3 | (1.06-2.07) 3 | (1.04-2.01) 3
Duration 3691/ 128 1.23 1.19 1.34 1.29
21-35 years /4.0 (1.06-1.44) 2 | (1.02-1.39) * | (1.13-1.59) ' | (1.08-1.53) 2
Total
mortality
All patient 7454 | 94 0.97 0.92 1.04 0.98
patients /1.4 0.80-1.17) | (0.76-1.11) | (0.85-1.28) | (0.80-1.20)

CI: confidence interval. HR: Hazard ratio. Model 1: Adjusted for age, sex, diabetes dura-
tion, systolic blood pressure, total cholesterol, LDL cholesterol, triglycerides, BMI, smoking,
and a history of CVD. Model 2: Adjusted as in Model 1 and also for albuminuria (>20

pug/min). “ Mean event rates in a Cox model adjusted as in Model 2. Significance level for
hazard ratios: ' p <0.001, ? p <0.01,° p <0.05.
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line HbA1lc or updated mean HbA1c ranging from 5% to 12% are presented for all
patients in Figure 6 A and B, and according to duration in Figure 6 E-H, showing in-
creasing event rates with higher HbAlc. No elevated risk was seen at the lowest HbAlc
levels, as also verified by mean CHD and CVD event rates by deciles of updated mean
HbAlc, Figure 6 C-D.

Intervals of HbAlc

The group of 3268 patients with higher HbAlc values at baseline (8.0-11.9%, mean
9.0%) had a HR of 1.71 for CHD (95% confidence interval (CI) 1.18-2.48); p<0.01,
and 1.59 for CVD (1.13-2.24); p<0.01, (also adjusted for albuminuria) compared
with the group of 4816 patients with lower baseline HbAlc values (5.0-7.9%, mean
7.2%), followed for five years. This corresponds to a risk reduction of 41% for CHD
and 37% for CVD, in the group with lower baseline HbAlc.
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Figure 6. Five-year rates (%) of fatal/non-fatal CHD and CVD in a fully adjusted Cox
model. A-B: Splines for event rates in all 7454 patients, as a cubic function of baseline
HbAlc (solid line) and updated mean HbAIc (dashed line). C-D: Adjusted mean rates
(£8D) by deciles of updated mean HbAIc; the solid line showing the linear association by
deciles. E-H: Splines for event rates in subgroups by median duration 20 years.
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STUDIES ON TYPE 2 DIABETES

An overview of the baseline characteristics in Study III on BMI, overweight and obes-
ity and CVD risk, and in Study IV on glycaemia control and CVD risk is presented
in Table 7.

Table 7. Clinical characteristics at baseline in 1997/1998 in Studies III and IV, The data

are given as mean + standard deviation (SD), and frequency (%) for categorical variables.

Study 1l Study IV
Characteristic Age 38%9/2 )years, (H;’:elc)
no previous CVD 30-79 years
Number 13,087 18,334
BMI, kg/m? 29.1%5 28.8+5
Age, years 60+9 64+10
Diabetes duration, years 9+7 8+7
HbAlc, % 7.6t1.3 7.6x1.2
Systolic blood pressure, mmHg 146+18 148+19
Male sex, % 55.7 56.7
Smokers, % 16.4 14.2
Antihypertensive drugs, % 47.0 53.8
Lipid-lowering drugs, % 12.6 15.6
Albuminuria, % (>20 pg/min) 20.9 23.2
Diet treatment, % 21.7 20.9
OHA, % 36.6 36.5
OHA and insulin, % 12.1 12.9
Insulin, % 29.5 29.7
History of CVD - 17.9
History of Congestive heart failure (CHF) - 6.4

BMI, overweight and obesity and CVD risk (Study III)

Of 13,087 patients with type 2 diabetes with BMI > 18 kg/m2 and no previous CVD,
20% were of normal weight (BMI< 25 kg/m?2), 42% overweight (BMI 25-29.9 kg/m?),
and 38% were obese (BMI 230 kg/m2). Overweight and obese patients had shorter
diabetes duration, higher HbAlc, and higher systolic blood pressure; microalbuminu-
ria was more frequent and smokers less frequent, compared with patients of normal
weight. During the period of the study, there were 1922 CVD events; based on 64,864
person-years, this gives a crude incidence rate of 29.6 events per 1000-person years.
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BMI as continuous variable

Cox regression analyses were performed on the data for all 13,087 patients, followed
up for a mean period of 5.6 years, to determine hazard ratios (and 95% confidence in-
tervals) for BMI at baseline as a continuous variable and first-incident fatal or non-fatal
CHD, stroke, CVD, and total mortality. The results are presented in Table 8. For a
5-unit increase in BMI the adjusted hazard ratios were 1.15 for CHD, 1.11 for stroke,
1.13 for CVD and 1.27 for total mortality, which were significant after adjustment for
age, sex, diabetes duration, type of hypoglycaemic treatment, smoking and significant
interactions (Model 1). The risks were attenuated, but remained significant, except for
stroke, after also adjusting for HbAlc, microalbuminuria, systolic blood pressure, and
lipid-lowering and hypertensive treatment (Model 2).

Table 8. Hazard ratios for BMI per 5-unit increase as predictor, and first incident fatal/
non-fatal CHD, stroke and CVD, and total mortality, atr Cox regression analysis of data
Sfrom 13,087 type 2 diabetic patients, followed up for 6 years.

Outcome Events mc();j;/i g) p-value I_'?:?g;/i (2::3) p-value
f:aggnon-fatal 1326 (1.018.115.21) <0.001 (1.015? 19.16) 0.0026
sFrfli/enon_fml 756 ( .015} 11. 19) 0.0090 (0.916? 14 12) s
Ea\t/i[)/non_fatal 1922 (1.015-113.18) <0.001 (1.012?17.12) 0.0075
Total mortality 664 (1_117'_2K 37) <0.001 (1.110'_210. 30) <0.001

HR = Adjusted hazard ratio. CI = Confidence interval. * Model 1: Adjusted for age, sex,
type of hypoglycaemic treatment, diabetes duration, smoking and significant interactions.

b Model 2: As in Model 1, and also adjusted for HbAlc, systolic blood pressure, antibyper-
tensive drugs, lipid-lowering drugs and albuminuria (>20 pg/min).

Overweight and obesity compared with normal weight

Compared with normal weight, obesity was associated with an almost 50% increase
in risk of CHD and CVD, and a 70% increase in risk of total mortality after adjust-
ing for age, sex, type of hypoglycaemic treatment, diabetes duration and smoking.
Overweight also increased the risk of CHD and CVD by about 20-30%, compared
with normal weight, whereas the relative risk for total mortality was not significantly

increased (Table 9; following page).
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Change in BMI during the study

The change in BMI during 6 years, from baseline to follow-up in 2003, was analysed in
a subgroup of 4,916 patients with baseline BMI 25-40 kg/m?. The patients who gained
most weight during the study (median increase in BMI 3.8 kg/m?) had increased HRs
of 1.8-2.3 for CHD and 1.5-1.7 for CVD, compared with those who gained a little
weight (median increase in BMI 1.0 kg/m?), those who lost a little (median loss 1.0 kg/
m?), and those who lost most weight (median loss 4.0 kg/m?).

Table 9. Hazard ratios for overweight (BMI 25-29.9 kg/m?) and obesity (BMI 230 kg/
m?) at baseline, compared with normal weight (BMI <25 kg/m?) and first-incident fatal/
non-fatal CHD and CVD, and total mortality.

BMI |Patients| Events | Model 1-
Outcome g/ m? . . HR (95% C1) | P value
25-29.9 5491 585 1.27 0.0028
Fatal/non-fatal -29. (1.09-1.48) .
CHD
<25 2676 224 1.0
25-29.9 5491 839 1.24 0.001
Fatal/non-fatal -22. (1.09-1.41) <U.
CVD
<25 2676 334 1.0
1.16
25-29.9 5491 269 S.
Total mortality (0.94-1.45) e
<25 2676 118 1.0
230 4920 517 149 <0.001
Fatal/non-fatal 2 (1.27-1.76) .
CHD
<25 2676 224 1.0
230 4920 749 1.44 0.001
Fatal/non-fatal 2 (1.26-1.64) <0.
CVD
<25 2676 334 1.0
1.71
>30 4920 277 0.001
Total mortality (1.36-2.14) <
<25 2676 118 1.0

“ Model 1: Adjusted for age, sex, type of hypoglycaemic treatment, diabetes duration, smok-
ing and significant interactions.

Glycaemia control and CVD risk in type 2 diabetes (Study IV)
The baseline clinical characteristics of all 18,334 patients are given in Table 7. Patients
with previous CVD were included in this study and represent about one fifth of the pa-
tients at baseline. There were 3823 CVD events in all patients, giving a crude incidence
rate of 43.5 per 1000 person-years, based on 87,815 person-years.
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HbAIc as a continuous variable
The hazard ratios per 1%-unit increase in baseline HbAlc were 1.11 for fatal/non-fatal
CHD, 1.08 for fatal/non-fatal stroke, 1.10 for fatal/non-fatal CVD, and 1.09 for total

mortality, all p<0.001, after adjustment for cardiovascular risk factors. The results are

given in Table 10. Slightly higher increases in significant risk, of about 10-13% per

1%-unit increase in HbAlc, were also seen when using updated mean HbAlc.

Table 10. Six-year mean rates (%) of CHD, stroke, CVD and total mortality, and hazard
ratios for these outcomes per 1%-unit increase in baseline HbAlc in Cox regression analyses
of the data for all patients (n=18,334 ) with type 2 diabetes followed for 6 years, and by
diabetes duration, <7 years (n=10,016) or >7 years (n=8,318).

Patient | Events Event | Baseline
Outcome - rate? HbAlc | p-value
group Mean (SD) | HR (95% Cl)°
Allpatienss | 2623 | 16610.0) | (ot o <0001
Fatal/non- Duration 1.09
fatal CHD <7 years il 12.9(8.2) (1.03-1.15) 0-003
Duration 1.11
+7 years 1512 21.3 (10.4) (1.06-1.16) <0.001
. 1.08
All patients 1574 10.4 (7.1) (1.03-1.13) 0.002
Fatal/non- Duration 1.06
fatal stroke <7 years 657 8.1(6.3) (0.98-1.14) 0.1
Duration 1.07
57 years 917 13.1 (7.1) (1.01-1.14) 0.03
. 1.10
All patients 3823 23.9 (13.8) (1.07-1.13) <0.001
Fatal/non- Duration 1.08
fatal CVD <7 years 1625 18.9 (11.9) (1.03-1.13) 0.001
Duration 1.10
57 years 2198 30.0 (13.7) (1.06-1.14) <0.001
. 1.09
All patients 1902 12.1 (11.8) (1.05-1.14) <0.001
Total Duration 1.13
mortality < 7 years 715 83 0.0 (1.05-1.21) <0.001
Duration 1.07
+7 years 1187 16.7 (12.4) (1.01-1.13) 0.01

“ Adjusted in a Cox model for sex, age, diabetes duration, BMI, smoking status, systolic BD antihy-
pertensive and lipid-lowering drug treatment, albuminuria (>20 pg/min) and type of hypoglycaemic
treatment. * Hazard ratios per 1%-unit increase in baseline HbAlIc, adjusted as in “.
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Corresponding adjusted 6-year rates for these outcomes increased progressively with
higher baseline and updated mean HbA1c values across the HbA1c range 5-11%, (Fig-
ure 7 A-D; following page). This was also the case in the analysis of mean 6-year rates
of these outcomes by deciles of updated mean HbAlc (Figure 7 I-]).

The patients were divided into two subgroups according to the median duration of dia-
betes: <7 years (mean 3 years) and >7 years (mean 15 years) (Table 10). HRs for CHD
and CVD and total mortality per 1%-unit increase in HbAlc were significant in both
subgroups: HR 1.11-1.13 in the longer duration group and 1.07-1.09 in the shorter
duration group. Figure 7 E-F shows that 6-year rates of fatal/non-fatal CVD, fatal
CVD and total mortality increased with higher baseline and updated mean HbAlc
values in both subgroups, although at a higher rate in the group with longer disease
duration.

Adjusted 6-year rates of all outcomes were higher in the subgroup with previous CVD
(n=3,276) than in that with no previous history of CVD (n=15,058). HRs for CHD,
stroke, CVD and total mortality per 1%-unit increase in HbAlc were significant in
both subgroups. Figure 7 G-H shows increasing 6-year outcome rates with higher
HbA1¢; at a higher rate among those with previous CVD. There was no risk increase
at low HbAlc levels in either subgroup.

Groups with different levels of HbAIc at baseline

Three subgroups with baseline HbAlc levels of 6.0-6.9% (mean 6.5%), 7.0-7.9%
(mean 7.5%) and 8.0-8.9% (mean 8.5%) were compared. According to the adjust-
ed HRs, there was a risk reduction of 20% for CHD (p<0.001) and 16% for CVD
(p<0.001) in the group with the lowest HbAlc (6.0-6.9%), compared with the group
with 7.0-7.9% HbA1lc. Even higher risk reductions (about 25%) for CHD and CVD,
as well as a 22% reduction in the risk of fatal CVD (p<0.01), and 16% in total mortal-
ity (p<0.05), were found when the 6.0-6.9% HbAlc group was compared with the
8.0-8.9% HbAlc group.

Baseline treatment with OHAs or insulin

Insulin-treated patients had significantly increased risk of all outcomes except non-
CVD mortality per 1%-unit higher HbAlc, whereas OHA-treated patients had sig-
nificantly increased risk of fatal/non-fatal CHD and CVD, but not of fatal CVD, total
mortality or non-CVD mortality, when also adjusted for history of CVD and CHE.
Insulin-treated patients had progressively increasing rates of CVD and total mortality
with increasing HbAlc level, whereas this trend was less pronounced among OHA-
treated patients. There was no J-shaped risk curve with increased risk at low HbAlc
levels in either subgroup. No significant increase in risks of fatal/non-fatal CHD or
CVD were seen in the insulin-treated group compared with the OHA-treated group
when adjusting for all covariates including a history of CVD and congestive heart fail-
ure (CHD) (Figure 8). The HR for total mortality was significant, and the increased
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Figure 7. Six-year rates of CHD, stroke, CVD and total mortality as a cubic function of
baseline HbAIc (solid line) and updated mean HbAlc (dashed line) in a Cox model ad-
Justed as described in Table 10.

Results are shown for all 18,334 patients (A-D), for two subgroups with median diabetes
duration: <7 years (n=10,016; E) and >7 years (n=8,318; F) and in two subgroups with-
out (n=15,058; G) and with previous CVD (n= 3,276; H). I-J: Mean G-year rates of CVD
and total mortality by deciles of updated mean HbAlc in all 18,334 patients; the solid line
shows the linear association between deciles.
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risk of fatal CVD was weakly significant, whereas non-CVD mortality was highly

significant.
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Figure 8. Hazard ratios (95% confidence intervals) for fatal/non-fatal CHD, stroke and
CVD, and non-CVD and total mortality, in 7,822 patients on insulin based therapy (alone
or combined with OHAs) compared with 6,687 patients treated with OHAs alone, fol-
lowed for 6 years.

Adjustment as in Table 10 and also for history of CVD and history of congestive heart
Jailure before baseline.
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GENERAL DISCUSSION

MAIN FINDINGS

These large observational studies on patients with diabetes in everyday clinical practice
show a slow improvement in glycaemic control and risk factors in type 1 diabetes. They
also demonstrate progressively increasing risks of CHD and CVD in type 1 diabetes
with higher levels of HbAlc, independently of other traditional risk factors, over a
period of 5 years. Those with a mean baseline HbAlc of 7.2% showed considerably
reduced risks of CHD and CVD compared with those with a level of 9.0%. In type 2
diabetes, increasing risks of CHD and CVD were also seen with higher HbAlc levels
over a period of 6 years, but no increase in risk was seen for those with low HbAlc
levels, with short or long duration of diabetes, with or without a history of CVD, or
when treated with insulin or OHA. Both overweight and obesity independently in-
creased the risk of CHD and CVD in patients with type 2 diabetes. Before discussing
the results and clinical implications in detail some methodological considerations will

be addressed.

METHODOLOGICAL CONSIDERATIONS

Basic epidemiology

Well-conducted, randomized controlled trials (RCTs) are regarded as the gold standard
in evidence-based medicine, and provide the highest level of evidence (82, 128). When
evaluating the effects of treatment, RCTs and systematic reviews are the most reliable
methods: they have high internal validity but, due to strict inclusion and exclusion
criteria, the external validity and generalizability are sometimes limited (129). There
are also situations in which experimental studies are not possible, appropriate, practi-
cal or ethical (130). Observational studies are often used to investigate the occurrence
of health-related events (disease, complications, death, survival) in a given population
over a certain period of time, and can reveal associations that may or may not be causal.
It is therefore important to analyse the strengths and weaknesses of observational stud-
ies and to establish how well they agree with previous scientific knowledge (116). Ob-
servational studies have generally been regarded as providing evidence of lower value
than RCTs (82, 128). However, well-performed and clearly reported observational
studies can provide important information from clinical practice, contributing exter-
nal validity to previous findings (131). According to two reviews comparing the results
of observational studies and RCTs, observational studies did not in general overesti-
mate the risk (132, 133).

In 2007, the STROBE (Strengthening the Reporting in Observational studies in Epi-
demiology) statement initiative was published providing a checklist, discussion and
explanations, with the aim of improving reporting and underlining the clinical im-
portance of well-performed observational studies (116). STROBE empbhasizes the im-
portance of clearly reporting the intention of the study, the methods used, and the

43



findings, to help the reader judge both the internal validity and the generalizability of
the observational study (116). The internal validity of a study is a question of whether
the study measures what it intended to measure, while external validity relates to how
well the results apply to other groups of patients, i.e. generalizability (134). When
designing and interpreting epidemiological studies one must be aware of the random
and systematic errors that can affect the internal and external validity. Random errors
decrease as the size of the study population increases, whereas a systematic error will
remain unchanged and could distort the results even in large studies (135).

Random errors

Random errors, or chance findings, are addressed in statistical methods to determine
whether the result is likely to be true, or due to chance. Statistical significance does not
address the magnitude of the relative risk found in the study, only the likelihood that
it would have resulted from chance alone, if there were no real association (135). The
null hypothesis states that there is no relation between exposure and outcome (relative
risk 1.0). In calculating the p-value we answer the question: What is the probability
of finding a difference, at least of this size, when there is really none? When p=0.05,
this means that the probability of finding a difference, even when there is none is 5%.
Random error can also be described using confidence intervals, where the width re-
flects the random error (135). The main strengths of the present studies are the large
number of patients included and the large number of outcome events, which should
minimize the random errors.

Systematic errors

Systematic errors, also called bias, usually refer to selection bias, information bias and
confounding. Information bias can be divided into measurement errors and misclas-
sification (differential or non-differential) (134).

Selection bias

Selection bias means that the groups studied are not comparable, for instance the
controls have not been properly selected, or exposed and unexposed subjects have been
selected in different ways (134). This kind of selection bias effects the internal valid-
ity, and is of special importance in case-control studies and when comparing several
cross-sectional surveys. As the cross-sectional survey described here (Study I) does not
include all patients with type 1 diabetes in Sweden, this could lead to selection bias. It
cannot be ruled out that reporting units more interested in diabetes care and quality
assurance were those participating from the start of the NDR. However, this is likely
to be a smaller problem concerning type 1 diabetes, since almost all type 1 diabetes
patients in Sweden have their regular check up at hospital outpatient clinics and most
hospital outpatient clinics participated from the start of the register, and in 2004 more
than 95% of the clinics reported to the NDR. In the cohort studies with a prospective
design (Studies II-IV), all available patient data in the NDR meeting the inclusion
criteria were included with the aim of following up all these patients with regard to
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outcome, and selection bias should thus be a minor problem.

In the cohort Studies II, IIT and IV only those with complete data on baseline variables
were included, which could have led to a selection bias. However, the ability to adjust
for confounding baseline variables in the regression models was improved. One of the
strengths of the NDR database is the amount of registered clinical characteristics, often
lacking in other register-based studies.

Information bias — Measurement errors and misclassification

Measurement errors cannot be ruled out, as data from the participating centres are
collected according to local practices and may vary in accuracy. Guidelines, reasonably
well-known to the reporting units, are available in order to minimize errors, correc-
tions are made to prevent registration of extreme data values, and direct transferral
of data from patient record databases is being increasingly used. Laboratory analyses
are carried out at local laboratories, but there is a nationwide programme to calibrate
HbAlc levels to a standard. A validation study of the data in the NDR has shown accu-
racy in reporting from hospital clinics, and validation processes in primary healthcare
centres are ongoing.

In Studies II-1V, the outcome events were retrieved by linkage to the Swedish Cause
of Death Register and the Hospital Discharge Register. The accuracy of cardiovascular
diagnoses in these registers is generally regarded as high, and validation studies have
shown approximately 95% correct diagnosis for myocardial infarction and stroke, and
about 80% for congestive heart failure, compared with hospital records (118-121).
As all the outcome events were retrieved in the same manor, misclassification can be
regarded as non-differential and less likely to affect the risk estimates.

In the studies on type 1 diabetes, an epidemiological definition of type 1 diabetes,
including patients with age of onset <30 years, on insulin only, was used (mean onset
age 15 years), similar to the definition used in EURODIAB PCS (70), and this should
exclude patients with type 2 diabetes reasonably well. Concerning the epidemiological
definition of type 2 diabetes used here (diet only, oral agents only, or onset of diabe-
tes at age 40 or above when treated with insulin only or combined with oral agents),
should exclude most type 1 diabetic patients. However, antibody measurements are
not reported in the NDR, and it is possible that a small number of the type 2 diabetic
patients may have been misclassified latent autoimmune diabetes in adult life (LADA)
patients.

Confounding

A confounding factor must be associated with disease independent of exposure; must
be associated with exposure independent of the disease; and not be an intermediate in
the causal pathway between exposure and disease. Controlling for confounding factors
is essential in epidemiological observational studies. Restriction or matching proce-
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dures may be used or, in the analysis phase, stratification, by dividing the confound-
ing factor into different strata, or adjusting for confounding factors in multivariable

analysis (135).

In the present studies confounding were considered by adjusting for known confound-
ing variables in the multivariable analysis. Stratification was also used in some of the
studies, for example, shorter and longer duration of diabetes, history or not of previous
CVD, and type of treatment. One of the unique advantages of the NDR is the number
of clinical characteristics and laboratory values recorded at least once a year, making it
possible to adjust for important confounding factors. However, residual confounding
of unmeasured or unknown factors possibly linked to the outcome must be considered
when interpreting the results. Blood lipid values were not recorded before 2002 in the
NDR, and thus a major limitation of the two studies with their baseline in 1997-1998
is the lack of this information, which is known to be an important confounder when
assessing CVD risk. Instead lipid-lowering medication (mostly statins) was used as a
marker of hyperlipidaecmia. Excellent agreement between predicted risk and observed
risk during follow-up has been demonstrated when using lipid-lowering drug therapy
instead of blood lipid levels, among other risk factors in a multivariate analysis to de-

velop a model for risk prediction of CVD (136).

No information was available in the NDR on the frequency or severity of hypogly-
caemia, nor detailed information on the types of insulin or oral hypoglycaemic agents
used, or their doses in 1997-1998, thus no adjustment could be made for these factors.
Both the STROBE statement (116) and Rosén and colleagues (137) have pointed out
the importance of addressing confounding factors due to differences in socioeconomic
factors. This was not done in the present studies and, although important, it is likely to
be a smaller problem in Sweden than in many other countries, given the social struc-
ture and the nationwide availability of healthcare and social services, and should not
have influenced the results in a significant way.

DISCUSSION OF MAIN FINDINGS

Risk factor control and treatment targets in type 1 diabetes

A slow improvement in glycaemia and risk factor control, apart from a small increase in
BMI from 1997 to 2004, was seen in the cross-sectional study. The number of patients
reaching the treatment target of HbAlc <7% increased from 17% in 1997 to 21% in
2004. The number reaching HbAlc <8% increased from 49% to 56% in 2004, while
significantly fewer, less than 20%, had a level of HbAlc 29%. The most evident change
was the increase in the proportion with LDL cholesterol <2.5 mmol/L, from 38%
in 2002 to 48% in 2004, combined with the increasing use of lipid-lowering medi-
cation. Furthermore, the proportion with blood pressure <130/80 mmHg increased
from 58% to 61%, in parallel with an increase in antihypertensive medication. A high
proportion of diabetes patients were found to have hypertension in our study (46%),
as also reported by others (138-140), and the increased use of antihypertensive medica-
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tion from 23% to 34%, probably also indicates the increased use of ACE inhibitors for
the treatment of microalbuminuria alone, reflecting adherence to guidelines. Eye and
foot status were checked in almost all patients in 2004. Taken together, these findings
represent measures for improved risk factor control and diabetes care.

Only a few, small surveys of the clinical care of type 1 diabetes are available in the lit-
erature (141, 142). Reports from NHANES, with samples selected to be representative
of the US diabetes population, including considerably more patients with type 2 than
type 1 diabetes with a higher mean age of about 56 years, and only about 30% being
treated with insulin, show improvement in diabetes care during the period 1988-94
to 1999-2002; more patients receiving annual lipid- and microalbuminuria testing,
eye and foot examination, and influenza vaccination (143). It was also reported that
63% of patients reached HbAlc <8%, 34% reached LDL cholesterol <2.6 mmol/L
and 60% blood pressure <140/90 mmHg at follow-up in 1999-2002. The number of
smokers remained high, about 20% (63). Recent NHANES data on glycaemic control
show encouraging improvements in HbA1c, from a mean value of 7.8% in 1999-2000
to 7.2% in 2003-2004; while 76% reached the target level HbAlc <8% (144). Im-
proved blood pressure and blood lipid levels have also been reported (145).

In the present study, the achievement in 2004 of targets for blood pressure <130/80
mmHg in 61% of all patients, HbAlc <8% in 56%, and LDL cholesterol <2.5 mmol/L
in about half of the patients, in a survey reasonably representative of all Swedish pa-
tients with type 1 diabetes, is encouraging for the care of type 1 diabetes in Sweden.
However, concerning lifestyle factors, the frequency of smoking was high in middle
age (14-17%), and higher in younger women (15-16%) than in younger men (9%)
and further improvement is warranted. The present study also showed that long-term
successful glycaemic control (HbAlc <7.3% in 1997 and in 2004) was independently
predicted by low BMI, not smoking and the absence of microalbuminuria at baseline.

Glycaemic control and cardiovascular risk in type 1 diabetes

Study II, on 7454 younger and middle-aged patients (20-65 years) with type 1 dia-
betes, shows a strong independent association between HbAlc and both CHD and
CVD. Each 1%-unit increase in baseline HbAlc or updated mean HbA1c was associ-
ated with risk increases of 31-34% for CHD and 26-32% for CVD, after adjustment
for age, sex, diabetes duration and traditional cardiovascular risk factors. These increas-
es in risk remained significant, but were slightly attenuated to 28-30% (for CHD) and
22-27% (for CVD) after adjustment also for albuminuria. Fully adjusted 5-year event
rates of CHD and CVD increased progressively with higher HbA1c levels. Most previ-
ous comparable epidemiological studies on type 1 diabetes have not demonstrated any
clear association between glycaemic control and risk of CHD (70, 96-98).

Prior to the present study, the DCCT/EDIC study has been the only study providing

convincing evidence of a relation between glycaemic control and risk of CVD in type
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1 diabetes (93). Patients were randomized to intensive or standard treatment and fol-
lowed for 6 years during the DCCT (86), and in the subsequent observational EDIC
study of 1182 patients, two groups with mean HbAlc levels of 7.4% and 9.1% were
followed for another 11 years regarding CVD events. The EDIC study demonstrated
a 42% lower relative risk of any first-incident cardiovascular disease, and a 57% reduc-
tion in fatal/non-fatal CVD in the former intensively treated group. In the present
study, the group with a mean HbAlc level of 7.2% at baseline showed relative risk re-
ductions of 41% for CHD and 37% for CVD, compared with the group with a mean
HbAlc level of 9.0%, when followed for 5 years. The present study, on data from 2002
to 2007, thus provides strong support for the results of the EDIC study conducted
from 1994 to 2005.

Glycaemic control and cardiovascular disease in type 2 diabetes

The present study on type 2 diabetic patients in everyday clinical practice, 18% of
which had a history of CVD, showed increased relative risks of CHD (11-13%), stroke
(8-9%), CVD (10-11%) and total mortality (9-10%) per 1%-unit increase in both
baseline and mean updated HbA1c levels during 6 years of follow-up, after adjustment
for age, sex and cardiovascular risk factors. These findings are in line with the results
of most previous observational studies. A large study conducted in New Zealand, in
which patients were followed for 2.4 years, demonstrated an 8% higher risk of both
fatal/non-fatal MI and CVD with 1%-unit increase in baseline HbAlc (101). An ob-
servational UKPDS study, where patients were followed for 10 years, demonstrated a
14-16% higher risk of MI and stroke per 1%-unit increase in updated mean HbAlc
values during the study (100).

Apart form the UKPDS study of overweight patients, in which patients treated with
metformin showed a 39% lower risk of MI (p=0.01) and a 36% lower risk of death
from any cause (p=0.01), compared with conventional treatment (mean HbAlc 7.4%
versus 7.9%) (146), no intervention studies have successfully shown a reduced risk of
CVD in intensively treated patients. The UKPDS intervention study showed a non-
significant relative risk reduction of 16% (p=0.052) for fatal/non-fatal MI with a mean
HbA1c level of 7.0% versus 7.9% (61). The three large RCTs, ACCORD, ADVANCE
and VATD (88, 106, 107), including patients with longer diabetes duration, of which
about one third had previous CVD, found no reduction in CVD risk in intensively
treated patients followed for 3%2 to 5 years. A 22% increased risk of total mortality
in the intensively treated group was seen in the ACCORD study, and the trial was
stopped early. A meta-analysis of these 4 studies showed a 9% reduction in risk of
major CVD events (HbAlc difference of 0.9%), mainly driven by a 15% lower risk of
non-fatal MI (147). A meta-analysis by Ray and colleagues also including the Proactive
study (Prospective pioglitazone clinical trial in macrovascular events) (148), revealed a
similar reduction in risk of non-fatal MI and CVD in the intensively treated patients.
No effect of intensive glucose control on stroke or total mortality was seen in either of
the meta-analysis studies. In the present study (Study IV), comparable with regard to
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previous CVD, mean age and follow-up time, patients with baseline HbA1c levels of
6.0-6.9% (mean 6.5%) had a 20% lower relative risk of fatal/non-fatal CHD, and a
16% lower risk of fatal/non-fatal CVD than patients with HbAlc levels of 7.0-7.9%
(mean 7.5%).

Concerns have been raised following the ACCORD study (106) and after an ob-
servational study based on the UK GPRD (108) as to whether lowering the HbAlc
level increases mortality in patients with type 2 diabetes. In the study by Currie and
colleagues, 27,000 patients on OHA therapy and 20,000 patients on insulin based
therapy (alone or combined with OHA therapy) at baseline were identified during the
period 1986-2008 and followed for 5 years. The results showed an increased risk of
all-cause mortality and progression to non-fatal CVD at both lower and higher HbA1c
levels; the lowest risk being seen for patients with an HbAlc level of 7.5% (108). In
contrast, in the present study, the adjusted 6-year event rates for CHD, stroke, CVD
and total mortality increased progressively with increasing HbAlc level, and there were
no J-shaped risk curves in the total cohort, in patients with shorter or longer diabetes
duration, in those with or without previous CVD, or in those treated with insulin
or OHAs. The UK GPRD study demonstrated a HR of 1.49 (1.39-1.59) for total
mortality in patients on insulin treatment at baseline, compared with oral treatment.
In the present study, the increased risk of total mortality in the insulin-treated group
was caused almost exclusively by the highly significant increased risk of non-CVD
mortality in this group, whereas the increased risk of fatal CVD was only weakly sig-
nificant. These findings were interpreted as being a risk related to a higher frequency
of co-morbidity in patients receiving insulin, and not the insulin per se. In addition,
we found no association between HbA1c and non-CVD mortality, while this was not
analysed in the UK GPRD study. The two studies are comparable with regard to mean
age, HbAlc level, unadjusted mortality rates and follow-up duration. Currie and col-
leagues concluded that if their results were confirmed, guidelines may require revision
to include a minimum HbA1c value (108), but such conclusions were not supported
by the results of the present study.

BMI, overweight and obesity and CVD risk in type 2 diabetes

The associations between the risk of CVD and overweight and obesity were investi-
gated as overweight and obesity are highly prevalent in type 2 diabetes, and the find-
ings in previous studies in this area have been inconsistent. Study III included patients
aged from 30 to 75, with no previous CVD, and clearly showed a 15% increased risk
of fatal/non-fatal CHD, 11% for stroke, 13% for CVD and a 27% increased risk of
total mortality with a 5-unit increase in baseline BMI, adjusted for age, sex, type of
hypoglycaemic treatment, diabetes duration and smoking. These risks were attenuated,
but remained significant (except for stroke) when also adjusting for HbAlc, systolic
blood pressure, antihypertensive drugs, lipid-lowering drugs, and microalbuminuria.
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The WHO has addressed the issue of adjusting for confounding factors with regard
to BMI and CVD risk, suggesting that in order not to underestimate the risk, factors
closely related to BMI, such as hypertension, hyperlipidaemia, hyperglycaemia and
microalbuminuria, should not be considered confounding and adjusted for (23). We
believe the completely adjusted model presented here contributes valuable informa-
tion, indicating that about half of the increased risk of CHD and CVD with higher
BMI was mediated through factors other than hypertension, HbAlc, hyperlipidae-
mia and microalbuminuria. Other variables, for example, low-grade inflammation,
endothelial dysfunction and disturbed fibrinolysis, are probably involved in the causal
pathway between overweight and obesity and increased risk of CHD (149, 150), and
other factors linked to insulin resistance and lipotoxicity, related to atherosclerosis
could also be involved (151). In the present study adjustment was made using lipid-
lowering medication as a proxy for dyslipidaemia, at baseline (1997-98 ), most likely
representing high LDL cholesterol levels, whereas factors related to insulin resistance,
for instance low HDL cholesterol and high triglycerides, were not accounted for in
this model.

The INTERHEART case-control study showed similar results in the general popula-
tion, with a significant HR 1.10 (95% CI 1.07-1.13) for MI per 1 SD increase in
BMI (1 SD=4.15), when adjusted for age, sex and region, but no increase in risk when
adjusting for all other INTERHEART risk factors. In that study, BMI was found to be
a weaker risk factor than WHR and waist circumference with corresponding HRs of
1.37 (1.34-1.41) for WHR and 1.19 (1.16-1.22) for waist circumference (152). These
risks were still significantly increased after adjustment for all other INTERHEART
risk factors. Although other measures of obesity can certainly provide important in-
formation, BMI as a measure of general adiposity is a strong predictor of mortality in
the general population (57, 58). In a recent large collaborative analysis of prospective
studies, the rate of mortality among the general population was found to be lowest for
BMI=22.5-25 kg/m?*; above 25 kg/m? there was a 30% increase in all-cause mortality,
with a 40% increase in vascular mortality, for every 5-unit increase in BMI (153). The
present study shows that not only obesity, but also overweight, increased the risk of
fatal/non-fatal CHD and CVD in patients with type 2 diabetes, and also that obesity,
but not overweight, increased the risk of total mortality and CVD mortality.

The present study of the effects of weight change in almost 5000 patients with
BMI=25-40 kg/m? at baseline showed that those who gained most weight during the
study (median BMI change + 3.8 kg/m?) had a roughly 2-fold increased risk of CHD
compared with those who gained less or lost weight. A previous study in the US on
4,970 overweight and obese type 2 diabetes patients, followed from 1959 to 1972)
showed a 28% reduction in CVD mortality as a result of intentional weight loss, and
a U-shaped curve with maximum risk reduction at a weight loss of 10-15% of initial
weight (154). Results from the Nurses’ Health Study in the US showed that weight

increase before the diagnosis of diabetes was associated with an increased risk of CHD
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in women, whereas weight change after the diagnosis of diabetes was not (65). Weight
change with regard to diabetes is a complex matter, as weight loss could reflect poorly
controlled diabetes, and weight gain could be attributable to pharmacological treat-
ment to improve metabolic control (155). Many hypoglycaemic agents, for example
insulin, sulphonylurea and thiazolidinedione, are often associated with weight gain,
but not to the same extent with all treatment strategies, as exemplified by the differ-
ences between the ACCORD and ADVANCE trials (156). Patients in the intensively
treated group in the ACCORD study gained, on average, 3.5 kg and 28% gained >10
kg, compared with 0.4 kg and 14% >10 kg in the standard treatment group (106). No
weight change was seen in either the intensively treated group or the standard treat-

ment group in the ADVANCE study (88).

CLINICAL IMPLICATIONS

An important finding of the research presented in this thesis regarding glycaemic con-
trol and CVD risk in type 1 diabetes is the strong support of the finding in the DCCT/
EDIC study that glycaemic control aimed at a treatment target of HbAlc <7% is re-
lated to a reduced risk of CVD (93), but the present finding was based on a five times
larger cohort of patients with type 1 diabetes in everyday modern clinical practice. The
present research also provides new information by showing that higher levels of HbAlc
also increase the risk of fatal/non-fatal CHD independently of other CVD risk factors,
including lipid levels and albuminuria. Patients with both shorter and longer durations
of their illness seemed to benefit from lower HbA1c levels, and no increase in the risk

of CHD or CVD was observed at low HbA1c levels.

In type 1 diabetes, the absolute risks, i.e. a 5-year mean event rate of 2% for CHD
and 2.4% for CVD, are lower than those observed in type 2 diabetes, where the 6-year
event rates were 17% for CHD and 24% for CVD. However, it is important to keep in
mind that the mean age of the type 1 diabetic patients was at least 20 years lower than
in the study on patients with type 2 diabetes. Taken together, these findings emphasize
the role of HbAlc as a strong independent risk factor in type 1 diabetes.

Concerning type 2 diabetes, the results of this work confirmed those of other obser-
vational studies in that higher HbAlc levels led to an increased risk of CHD, stroke,
CVD and total mortality. We found progressively higher risks, estimated as 6-year
event rates for all fatal/non-fatal outcomes, fatal events and total mortality, with in-
creasing HbAlc. No J-shaped risk curves were seen, indicting no increase in the risk at
low levels of HbAlc, in contrast to findings in the UK GPRD study (108). Although
the present study was not a randomized trial analysing strict control aimed at lower-
ing the HbAlc levels, this observational study based on everyday clinical practice in
patients 30 to 79 years old shows significant reductions in the risk of fatal/non-fatal
CHD and CVD during six years follow-up, when comparing a group with a mean
baseline HbAlc level of 6.5% with a group with a 1%-unit higher mean HbAlc. Pa-
tients with longer duration of diabetes and previous CVD had higher absolute risks,
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while patients with both shorter and longer duration of diabetes (more than 7 years),
those with or without previous CVD, as well as those on insulin or oral drug treat-
ment, had a lower risk of CVD at lower HbA1c levels.

Observational long-term follow-up studies of type 1 diabetes patients in the DCCT
(93) and type 2 diabetes patients in the UKPDS (157), show maintained reduction in
risk of microvascular complications with intensive treatment and routine treatment,
and also significant reductions in the risk of CVD in the formerly intensively treated
group compared with the group receiving standard treatment. This reduction in the
risk of CVD, more than 10 years after the intensive intervention was stopped, and the
similar HbA1c levels during the observational follow-up period, suggest a metabolic
memory or legacy effect of lowering the glucose level (93, 157). These findings, indi-
cating that early glycaemic control in patients with short duration of the illness, may
provide benefits in the form of risk reduction several years later, are not contradictory
to ours, but in the present studies patients with both longer and shorter duration of
diabetes had a lower risk at lower HbA1c levels.

Following the findings in the DCCT/EDIC and the UKPDS, and the findings pre-
sented in the recent ACCORD, ADVANCE and VATD trials, a position statement
from the ADA still recommends a general HbA1c target level of <7%, but also points
out that goals should be individualized based on the duration of diabetes, known CVD
and advanced microvascular complications, limited life expectancy and unawareness of
hypoglycaemia (82, 158). The new national Swedish treatment guidelines, also recom-
mends a general HbA1c target level of <7% based on individualized evaluation, with a
less stringent goal for patients with advanced microvascular and macrovascular com-
plications, limited life expectancy and increased risk of hypoglycaemia (84, 109). The
current findings support these Swedish guidelines.

Comparison of glycaemia with other CVD risk factors

The ongoing debate on the risks and benefits of glycaemic control is discussed in a
recent editorial in Diabetologia by Yudkin and Gale (159). They argue that since both
interventional and observational studies show that lowering the HbAlc level reduces
the risk of CVD less than lowering the LDL cholesterol level and blood pressure, it
may be better to focus on blood pressure and cholesterol targets in many patients, as
these are more easily achieved (159). There is reduction in risk of CHD of about 20-
30% per 1 mmol/L lower cholesterol level, a 20-25% lower risk with a 10/5> mm Hg
decrease in blood pressure, and 10% lower risk per 1%-unit HbAlc (147, 160-163).

However, this argument can be reversed, showing that lowering blood pressure, glucose
and cholesterol levels all contribute to a reduction in the risk of CVD, which under-
scores the importance of addressing them all by lifestyle changes and pharmacological
treatment. Both hyperglycaemia and insulin resistance are linked to accelerated athero-
sclerosis through increased inflammation, oxidative stress and endothelial dysfunction,
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and promoting thrombosis. Furthermore, hyperglycaemia changes the properties of
lipoproteins through glycation, making them more atherogenic, as well as increasing
the risk of microvascular disease, which is also a risk factor for CVD and mortality (27,
29). It is evident that it is worthwhile to strive towards optimal glycaemic control for
the individual patient. Yudkin and Gale clearly state that poor glycaemic control, with
HbAlc levels above 8% should definitely be avoided, but also point out that the ben-
efits associated with HbAlc levels below 7.5% are reduced in patients with greater age
and shorter life expectancy (159). In the present study of type 2 diabetes, an upper age
limit of 79 years was applied to the patients included and the relative risk reductions

of 20% for CHD and 16% for CVD with mean HbA1c levels of 6.5% versus 7.5%.

Study III demonstrates that avoiding overweight and obesity is beneficial for adult
patients with type 2 diabetes with regard to CVD risk, and that an increase in BMI
was associated with a higher CVD risk than stable or decreasing BMI during the 6-year
study period. However, it cannot be concluded from these findings that intentionally
loosing weight will reduce the risk. The Look AHEAD (Action for health in diabetes)
trial in the US is an ongoing study with the primary objective of establishing whether
intentional weight loss through intensive lifestyle interventions can reduce CVD risk
in type 2 diabetes (164). Over 5000 overweight or obese patients, aged 55-74, were as-
signed either intensive lifestyle changes, including diet and physical activity, or stand-
ard care. At baseline, 14% reported a history of CVD, 88% were on hypoglycaemic
medication, including 15% on insulin, 75% were being treated with antihypertensive
medication, 50% with lipid-lowering medication, and 85% were obese. The results af-
ter one year were presented in 2007. The group subjected to intensive lifestyle changes
had lost more weight than the other group (8.6% vs. 0.7%). This was accompanied by
a larger reduction in waist circumference, better glycaemic and blood pressure control,
and lower lipid levels, compared with the standard group, despite the fact that they
were taking significantly less medication (164). It will be interesting to see whether
these changes are maintained over time, and whether the CVD risk is affected. The best
measure of obesity can be debated, but the most important aspect is to avoid or mini-
mize obesity in patients with type 2 diabetes. Waist circumference is reported more
frequently in the NDR in recent years (around 50% in 2009), as is physical activity
(5-level scale from never to daily), and these measures can be analysed in the future.

Improvement makes a difference

In the Steno-2 study multifactorial risk factor intervention including both intensive
pharmacological and lifestyle changes in patients with type 2 diabetes, showed a 50%
reduction in the relative risk of CVD and microvascular complications after 8 years,
and in total mortality after 13 years, despite the fact that the study stopped after 8 years
(80, 81).

The Linképing Diabetes Complication Study has shown that modern treatment of
type 1 diabetes patients could reduce the frequencies of severe retinopathy and neph-
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ropathy after 25 years, from 47% to 24% (165). Declining rates of nephropathy have
also been reported from Steno in Denmark (166) and in the Pittsburgh EDC study
(167). New results from a study combining the DCCT cohort with a comparable
cohort from the Pittsburgh EDC study show declining cumulative incidence rates of
microvascular complications and lower CVD rates in the formerly intensively treated
group of the DCCT study than in the conventionally treated group in the DCCT
study and the EDC study, when followed for 30 years. The rates of proliferative retin-
opathy, nephropathy and CVD were 50%), 25% and 14%, respectively, in the formerly
standard-treated DCCT group; very similar to the rates in the EDC study reflecting
standard treatment, while the corresponding rate in the formerly intensively treated
DCCT group were 14%, 9% and 9%, respectively (168). The researchers conducting
these studies concluded that the improvement, showing fewer long-term complica-
tions, is the result of modern diabetes care.

During follow-up in these studies, the aim of treatment was to control the glycaemic
level, and to treat hypertension and albuminuria. Clinical guidelines today advocate
multifactorial risk factor control in both type 1 and type 2 diabetes. The effects of
more recent treatment strategies, focusing also on reducing blood lipid levels by the
increased use of lipid-lowering medication, and lifestyle changes including giving up
smoking, should be evaluated in the future.

FUTURE PERSPECTIVES

The challenge now is to further implement evidence-based knowledge in diabetes care.
We also need to expand our knowledge on what really matters to our patients, also by
collecting and analysing patient-reported outcome measures (PROMs). Observational
studies in clinical settings are important tools to evaluate the outcome of different
treatment strategies, both old and new, in clinical practice, as they provide answers to
questions such as: Are there differences between different treatment strategies with re-
gard to outcome? Which patients benefit the most from a certain treatment? Are there
differences in gender perspectives? and Are we considering the right outcome measure?
Outcomes are not only micro- and macrovascular complications, renal impairment
and cancer, but also the health and well-being of the individual patient.

The aim of the Swedish NDR is to continuously improve diabetes care in Sweden.
Today, 70% of all patients with diabetes are reported to the NDR, and the number is
increasing steadily. New variables have been added as a result of the knowledge gained
and requests from clinicians using the register in their daily treatment of patients.
Important clinical information has been registered in recent years, such as physical
activity and waist circumference since 2004, and hypoglycaemia since 2009. Future
possibilities also include database linkage to other databases, for instance, the phar-
maceutical register, which contains full information on dispensed prescriptions since
2005. Studies on ways of including patient-reported outcome measures in the NDR
are ongoing.
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CONCLUSIONS

* The Swedish NDR is a unique source of information on patients with diabetes in
everyday clinical practice, and an important tool for improving diabetes care.

* Well-performed and clearly reported observational studies are important comple-
ments to randomized controlled trials, and can contribute important knowledge in the
clinical practice setting.

* A slow improvement was seen in glycaemic control and risk factor control in patients
with type 1 diabetes from 1997 to 2004, as well as increasing adherence to guidelines.
However, further improvement is warranted. Successful glycaemic control was inde-
pendently predicted by low BMI, not smoking and the absence of microalbuminuria.

* In patients with type 1 diabetes, higher HbAlc was found to be independently as-
sociated with increased risk of CHD and CVD when followed for 5 years. This empha-
sizes the role of HbAlc as a strong independent risk factor in type 1 diabetes.

* In type 2 diabetes, increasing risks of CHD and CVD were seen in patients with
higher HbA1c levels, while no risk increase was seen in those with low HbAlc levels,
regardless of the duration of diabetes, previous CVD history, or treatment (with insu-
lin or OHA). HbA1c levels lower than 7% were associated with a lower risk of CVD,
providing support for current treatment guidelines.

* Higher BMI, overweight and obesity independently increased the risk of CHD and

CVD in patients with type 2 diabetes, providing additional evidence that overweight
and obesity should be counteracted in type 2 diabetes.
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SAMMANFATTNING PA SVENSKA
Bakgrund

Diabetes ir en sjukdom som kinnetecknas av hogt blodsocker till foljd av brist pa
insulin eller minskad kénslighet for insulin. Typ 1 diabetes dr en autoimmun sjukdom
som leder till att insulinproduktionen upphér. Den drabbar ofta unga individer. Typ 2
diabetes debuterar vanligtvis efter 40 ars alder och 4r ofta kopplad till andra sjukdomar
som overvike, fetma och hogt blodtryck. I Sverige finns idag ca 365,000 personer med
diabetes, av dessa har 10% typ 1 diabetes och 90% typ 2 diabetes.

Hjirt- kirlsjukdom 4r den vanligaste dodsorsaken i Sverige och stéir for ca 40% av den
totala dédligheten. Under de senaste decennierna har forekomst av hjirt- kirlsjukdom
nirmast halverats till f6ljd av bide minskat insjuknande och 6kad éverlevnad efter
hjirtinfarke och stroke. Trots denna forbéttring har patienter med diabetes en klart
okad risk for hjirt- kirlsjukdom och déd jaimfért med befolkningen i stort. Vikten
av att paverka riskfaktorer, t.ex. genom rékstopp, behandling av hogt blodtryck och
blodfetter, ir central, vilket understryks av nationella rikelinjer.

Nir det giller blodsockerkontroll vet vi att intensiv behandling av blodsockret genom
lagre blodsockernivaer (HbAlc virdet ar ett métt pa blodsockernivin under de senaste
2 ménaderna), pa sikt minskar risken f6r skador pa de sma kirlen i 6gon, njurar och
nerver, men huruvida ligre blodsocker ocksa minskar risken for hjirt- kirlsjukdom, ar
inte lika vilbelagt vid typ 1 diabetes och omdiskuterat vid typ 2 diabetes. Overvikt och
fetma ir kinda riskfaktorer for hjirt- kirlsjukdom i hela befolkningen, men 4ven om
overvikt/fetma 4r vanligt vid typ 2 diabetes, 4r sambandet mellan &vervikt/fetma och

hjart-kirlsjukdom inte lika tydligt vid typ 2 diabetes.

Syfte

Malen med de hir studierna har dels varit att beskriva den kliniska bilden och riskfak-
torkontrollen hos patienter med typ 1 diabetes, samt att se hur vil nationella behan-
dlingsmal uppnas och dels att studera sambandet mellan blodsockerkontroll och hjirt-
kirlsjukdom vid bide typ 1 diabetes och typ 2 diabetes. Malet var dven att studera
samband mellan évervike och fetma och hjirt-kirlsjukdom vid typ 2 diabetes.

Metod och resultat

Dessa observationsstudier omfattar patienter med diabetes som finns rapporterade i
Nationella diabetesregistret (NDR). NDR ir ett nationellt kvalitetsregister som starta-
de 1996 med syfte att utveckla och sikra diabetesvirdens kvalitet. Antalet registrerade
patienter har successivt okat till éver 260,000 2009, vilket motsvarar ca 70 % av alla
personer med diabetes i Sverige.

Hos patienter med typ 1 diabetes har riskfaktorkontrollen av HbAlc, blodtryck och
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blodfetter forbattrats 6ver tid, i kombination med 6kad anvindning av blodtrycks-
och blodfettssinkande likemedel. Under 2004 nidde ca hilften av patienterna malen:
blodtryck <130/80 mm Hg, HbAlc <8% (7% Mono-S) och LDL <2,5 mmol/L. Ré-
kning har totalt sett minskat men 2004 var unga kvinnor den grupp som rékte mest
(16% jamfort med 9% bland jimnariga min).

7454 patienter med typ 1 diabetes f6ljdes frin 2002/03-2007 avseende hjirt-kirlsjuk-
dom. Fér varje enhet hogre HbAlc dkade risken f6r en hjirt- kirlhindelse med 30%
under uppfoljningstiden, efter att hinsyn tagits till andra faktorer som skulle kunna
paverka hjirt- kirlsjukdom. Studien visade att patienter med HbAlc 5-7.9% (medeltal
7.2%) vid studiestart hade 40% ldgre risk for att drabbas av hjirt-kirlhindelse jaimfort
med patienter med HbAlc 8-11.9% (medeltal 9.0%).

I de tva studierna av patienter med typ 2 diabetes foljdes 13,087 respektive 18,336
patienter under 6 ir frin 1997/98 till 2003. Overvikt och fetma 6kade risken for
hjirt-kirlsjukdom med 24-44% jimfort med normalvike. Av studien framgér att ho-
gre HbAlc 6kade risken for hjirtkirlsjukdom men studien visade ingen 6kad risk vid
laga HbA1c nivaer, inte heller hos patienter med lingre diabetesduration eller tidigare

hjirt- kirlsjuklighet. HbAlc under 7% var forenat med lidgre risk for hjirtkarlsjukdom.

Slutsats

Avhandlingsarbetet baserat pa data frin patienter i daglig klinisk verksamhet visar pa
forbidttrad riskfaktorkontroll vid typ 1 diabetes och visar att ligre blodsocker ger en
lagre risk for hjart-kirlsjukdom béade vid typ 1 och typ 2 diabetes. Studierna ger stdd ét
nuvarande behandlings rekommendationer vad giller blodsockerkontroll. Dessutom
understryks att 6vervike och fetma bor undvikas vid typ 2 diabetes.
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ERRATA

Study I

In the abstract under results the sentence written ... only 61.3% reached the blood
pressure goal of <130/80 mm Hg in 2004. Should read ... only 39.3% reached the
blood pressure goal of <130/80 mm Hg in 2004 (61.3% reached <130/80 mm Hg).

Table I, first column BP <140/85 mm Hg (%) should read BP <140/85 mmHg (%).

Table I, second and third column. Numbers of patients given in parentheses at differ-
ent ages are incorrect. Should read 1997: aged <30 years, women (1231); aged <30
years, men (1424); aged 30-59 years (6129) and aged >60 years (613). 2004: aged <30
years, women (1188); aged <30 years, men (1430); aged 30-59 years (8178) and aged
>60 years (1408).
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