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Abstract
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Objectives. To investigate diabetes prevalence, incidence, mortality trends, the effects of
hyperglycaemia and blood pressure, diabetes and hypertension treatment, and the effect of
screening detection on total and cardiovascular disease (CVD), myocardial infarction (MI) and
stroke incidence.
Study population and methods. Between 1972 and 2001 all patients with diabetes, some
detected clinically and some by case-finding procedures (screening), were entered in a diabetes
register at Laxå Primary Health Care Center in Sweden. The register included information on
medical treatment and laboratory data as well as information on mortality and morbidity from
National Registers. The register was supplemented with five non-diabetic subjects, matched to
each diabetes patients by age, sex, and year of detection.
Results. During the study period 776 new diabetes cases was found, 36 type 1 diabetes
mellitus and 740 type 2 diabetes mellitus. Age standardised incidence and prevalence rates for
type 1 and type 2 diabetes did not increase over time. Diabetic patients had 17% higher mortality
rate than non-diabetic persons, 22% in women and 13% in men. The corresponding overmortality in CVD was 33%, 41% in women and 27% in men. CVD mortality decreased across
time in non-diabetic subjects and in diabetic men but not in diabetic women. Results regarding
coronary heart disease (CHD) were similar. CVD incidence increased with fasting blood glucose
(FBG), body mass index (BMI), mean arterial blood pressure (MABP), and decreased with
metformin treatment and sulfonylurea. Myocardial infarction incidence increased with FBG,
BMI and MABP, and decreased with metformin treatment. Stroke incidence increased with
MABP. There was no difference in prognoses between those detected by screening or clinically.
Conclusions. Diabetes prevalence and incidence did not change over time. The overmortality according to diabetes was moderate. CVD and MI during follow up were negatively
affected by hypertension and hyperglycaemia, and positively by pharmacological diabetic
treatment. For stroke no pharmacological protective effect was seen. Screening did not improve
prognosis.
Keywords: Diabetes mellitus, clinical epidemiology, longitudinal study, prevalence, incidence,
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Human leukocyte antigen alleles
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Prologue

During my medical internship (AT) in 1989 at Laxå Primary Health Care
Centre (PHCC) I got more and more convinced that I should do some scientific research in the future. The basis for this conviction was that I met many
patients with various diseases where the scientific basis for best treatment
was lacking. As a freshman I had many opportunities to discuss various
medical problems with my senior colleagues at the PHCC. Some years after
I had finalized my residency (ST) and worked as a general practitioner at
Laxå PHCC, I started more intensively to discuss research with Dan Andersson, my supervisor to be. Together with Dan and my second supervisor to
be, Kurt Svärdsudd, we decided to explore issues in the diabetes field that
were not fully covered in Dan’s excellent thesis. I spent considerable time
scrutinizing all patient records collecting the necessary data. Many issues
had to be discussed and solved, but it was also essential to have time for
reflection.
As general practitioner I daily met several of the diabetes patients in the
study cohort. I was puzzled by the fact that some patients could live with
diabetes many years without complications while others suffered various
complications relatively soon after diagnosis was established. Hence, if I
with my research could contribute to a better understanding of diabetes and
its complexity, it would be worthwhile. Moreover, the patients with diabetes
gave me support to keep going on.

11

12

Introduction

The history of diabetes mellitus
The ancients first described diabetes. The cardinal features of a polyuric
state were described in an Egyptian papyrus, “Ebers papyrus” dating from c.
1550 BCE. [1]. Aretaeus of Cappadocia, a Greek physician in the 2nd century, was the first to use the term “diabetes.” He gave the first complete clinical description of the disease when he described symptoms as immense
thirst, “the melting down of flesh and limbs into urine”, and short survival
[2]. The word diabetes stems from the Greek word for siphon, “diabaino”,
which also means “to go or run through” [3] alluding to the incessant flow of
urine through the body.
The first written documentation of the sweetness of diabetic urine occurs
in a Hindu document dated 400-500 BCE. In 1675 professor Thomas Willis
at Oxford rediscovered the sweetness of urine, the taste of sugar or honey,
and wrote the treatise entitled “Diabetes, or the pissing evil”. In 1776 the
physician Matthew Dobson in Liverpool published the first description of
hyperglycaemia. He found that both the serum and the urine from one of his
patients tasted sweet [1].
The Scottish physician John Rollo created the first medical diet to treat
diabetes consisting of rancid meat, blood pudding and a mixture of milk and
limewater. He also added the term “mellitus” (the Greek word for honey) to
“diabetes” in order to distinguish it from diabetes insipidus [4]. Paul Langerhans, a German medical student, discovered in 1869 the islet cells of the
pancreas but was unable to explain the nature and function of these cells.
Later on these cells were named ‘islets of Langerhans [5]. In 1889 scientists
Oskar Minkowski and Joseph von Mering of the University of Strasbourg,
made a total pancreatectomy of a dog, an operation that caused diabetes [6].
Insulin was discovered by a quartet of researchers at the University of Toronto in 1921, Frederick Banting, Charles Best, J.J.R. Macleod, and James
Collip. The researchers named the extract “insulin”, and Macleod was designated to present their research in a meeting in May 1922 at the Washington
DC. They were all unaware of Jean de Meyer´s earlier suggestion of the term
insulin in 1909 [7]. The first patient treated with insulin in January 1922 was
a 14-year old boy [1]. Banting and Macleod were awarded the Nobel Prize in
1923. However, Banting disliked the decision of the Nobel committee and
shared his award with Best, while Macleod shared his with Collip [1].
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The discovery of insulin saved many lives but it also led to treatment of a
chronic disease with serious long-term complications. In the 1930s, research
by Sir Harold Himsworth, London, led to the first differentiation of diabetes
mellitus into ‘insulin-sensitive’ and ‘insulin-insensitive’ forms. Today they
are commonly referred to as Type 1 (insulin sensitive) and Type 2 (insulin
insensitive) diabetes [8]. As type 2 diabetes became more prevalent there
was need for oral hypoglycaemic agents in the treatment, along with lifestyle
changes. In the 1950s the first two groups of oral drugs, sulphonylurea and
biguanid [1], were launched on the market, and later on followed by other
drug classes.
In December 2006 the United Nations recognized diabetes as a global
threat and designated a World Diabetes Day. In honour of Frederick Banting
the UN chose November 14, his birthday, as a day to be observed every year
starting in 2007 [9].

Definition, diagnosis, and classification
Definition
Diabetes mellitus describes a metabolic disorder with heterogeneous aetiologies which is characterized by chronic hyperglycaemia and disturbances of
carbohydrate, fat and protein metabolism resulting from defects in insulin
secretion, insulin action, or both [10]. The hyperglycaemia may be asymptomatic for many years but with rising blood glucose the characteristic
symptoms such as thirst, polyuria, and weight loss will appear. In severe
forms, ketoacidosis or a non-ketotic hyperosmolar state may develop and, if
untreated, may lead to death. The long-term effects of diabetes include the
risk of micro- (retino-, nephro- and neuropathy) and macrovascular (cardiac,
cerebrovascular and peripheral vascular) complications.

Diagnostic criteria
From 1980 onwards WHO have established internationally agreed diagnostic
criteria, revised 1980, 1985 and 1999 [10-12]. The clinician must be confident that all criteria are fulfilled when the diagnosis of diabetes is made. The
disease is lifelong and the consequences of a diagnosis may be considerable.
If the symptoms are pronounced, such as increased thirst, polyuria and
weight loss, a single abnormal blood glucose value above the diagnostic
value confirms the diagnosis, (Table 1). However, if symptoms are absent or
vague, the diagnosis must be made on the basis of two blood glucose tests on
different days and both tests must be in the diabetic range. The test sample
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HbA1c=glycated haemoglobin. The International Federation of Clinical Chemistry and Laboratory Medicine (IFCC) developed a new reference method that
specifically measures the concentration of only one molecular species of glycated HbA1c (mmol/mol) [14].
2)
Standardized to The Diabetes Control and Complications Trial (DCCT) assay.

2-h post glucose load

Fasting and

Impaired Fasting Glycaemia
(IFG)

2-h post glucose load

Fasting and

Impaired Glucose Tolerance
(IGT)

2-h post glucose load

Fasting or

Diabetes Mellitus

Venous

Whole blood

Glucose concentration, mmol l-1

Table 1. Values for diagnosis of diabetes mellitus and other categories of hyperglycemia according to WHO 1999 and 2011. Adapted from
WHO [10, 13].

can come from fasting, oral glucose tolerance test (OGTT), or as recently
decided by the World Health Organization (WHO), from glycated haemoglobin (HbA1c) [10, 13]. The current diagnostic cut-off points for diabetes
(fasting glucose, 2-h value at an OGTT, or HbA1c) have recently been reevaluated by the Evaluation of Screening and Early Detection Strategies for
Type 2 Diabetes and Impaired Glucose Tolerance (DETECT-2) collaboration [15]. These cut-off points are based on glycaemic levels associated with
increased risk for diabetes-associated microvascular complications, especially retinopathy, above these levels (Figure 1).

Figure 1. Prevalence of diabetes-specific retinopathy (moderate or severe retinopathy) by vigintiles of the distribution of fasting plasma glucose, 2-h-plasma glucose,
and HbA1c. Published with permission from Colagiuri et al . Glycemic thresholds
for diabetes-specific retinopathy: implications for diagnostic criteria for diabetes.
Diabetes Care 2011, 34: 145-150

Clinical classification
The clinical staging of diabetes and the degree of hyperglycaemia may
change over time regardless of its aetiology [10, 16]. An individual could
pass through several phases of glycaemia ranging from normoglycaemia,
impaired fasting glycaemia (IFG), impaired glucose tolerance (IGT) to diabetes. The shift between phases could be in both directions depending on
what actions an individual takes. For instance, some individuals may stay in
the IGT stage without fulfilling the diagnostic criteria for diabetes whereas
others could have adequate glycaemic control with lifestyle changes in the
diabetic stage (Figure 2).
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Stages Normoglycaemia

Hyperglycaemia
Diabetes Mellitus

Types

Normal glucose
regulation

Impaired Glucose Not insulin
Tolerance or
requiring
Impaired Fasting
Glycaemia

Insulin
Insulin
requiring requiring
for control for
survival

Type 1
diabetes
Type 2
diabetes
Other specific types
Gestational
diabetes
Figure 2. Disorders of glycaemia-aetiological types and clinical stages. According to
WHO 2006, [17]

Aetiological classification
The current aetiological classification, describing the cause of diabetes
mellitus, was proposed by WHO in 1999 [10]. Basically, they came to the
same conclusion as the American Diabetes Association expert group did in
1997 [18]. Type 1 and type 2 diabetes are the two most common categories.
Type 1 diabetes is insulin dependent for survival whereas the much more
prevalent type 2 diabetes is characterized by defects in insulin secretion,
insulin action, or both.




Type 1 – Autoimmune or idiopathic β-cell destruction, usually leading
to absolute insulin deficiency
Type 2 – May range from predominantly insulin resistance with relative
insulin deficiency to a predominantly secretory defect with insulin resistance
Other specific types
 Genetic defects of β-cell function – for example, several forms
of previously referred to as maturity-onset diabetes of the
young (MODY). All MODY genes have not been identified,
but heterozygous mutations in six genes cause the majority of
the MODY cases [19]
 Genetic defects in insulin action
 Diseases of the exocrine pancreas – for example, pancreatitis,
trauma, neoplasia
 Endocrinopathies – for example, acromegaly, Cushing’s syndrome, hyperthyroidism
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Induced by drugs or chemicals – for example, glucocorticoids,
thiazides, β-adrenergic agonists
 Infections – for example, cytomegalovirus
 Uncommon forms of immune-mediated diabetes
 Other genetic syndromes sometimes associated with diabetes
for example, Down’s syndrome, Klinefelter’s syndrome,
Turner’s syndrome
Gestational diabetes mellitus (GDM)

Glucose homeostasis
The concentration of glucose in the bloodstream in healthy individuals is
normally within the range of 3.9-5.5 mmol/l [20], an amount of 4 g glucose
[21]. This process of maintaining blood glucose at steady-state level is called
glucose homeostasis. The level depends on the rates of entry of glucose into
the circulation, mainly from the liver and from the gut after meals, and of its
uptake into the peripheral tissues [1]. The brain is dependent on continuous
access of glucose in order to maintain normal function whereas other tissues
can use different types of energy sources [4]. The precise regulation of plasma glucose concentrations is mainly determined by hormonal and neural
factors, which control endogenous production of glucose. Many hormones
are involved in the glucose regulation but insulin, (reduces the blood glucose
level) and glucagon (increases the blood glucose level) may be the most
important. These hormones are produced within the islets of Langerhans in
the pancreas. Insulin is produced in β-cells and glucagon in α-cells [22].

Pathogenesis of type 1 and type 2 diabetes
The two main forms of diabetes, type 1 and type 2 diabetes, account for
about 5-10% and 90% respectively, of all cases of diabetes [16]. The aetiology of type 1 diabetes is an interplay between genetic susceptibility and environmental factors (triggering or suppressive) leading to the destruction of
β-cells of the pancreas causing insulin deficiency [23]. The inheritance is
mostly associated with certain HLA genotypes, DR and DQ. However, these
alleles can be either predisposing or protective for the disease [16]. Besides
the genetic disposition, exposures to environmental factors, like viruses,
toxins, or food are often necessary to trigger changes in immune function
and to initiate β-cell destruction. This process activates the T-cell-mediated
immune system and causes inflammation with production of autoantibodies
like IAA, GAD, and IA2. They can precede the clinical onset of type 1 diabetes for many years [24]. In children the clinical presentation is often acute
with classic symptoms of thirst, polyuria, and weight loss while adults may
have less symptoms with residual β-cell function for several years.
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Type 2 diabetes is a heterogeneous group of disorders. Heritability is high
with an increased risk of type 2 diabetes in offspring that have at least one
affected parent. Differences in diabetes prevalence between ethnic groups
indicate that the heritability exceeds 50% [25]. A strong independent association of family history of type 2 diabetes and risk of future type 2 diabetes
has been reported [26-28]. An expanding and major area of research in recent years has produced evidence that a substantial part of diabetes susceptibility is acquired early in life, probably owing to foetal or neonatal programming via epigenetic phenomena [29].
The core pathophysiologic defects in type 2 diabetes are insulin resistance
in liver and muscle and β-cell failure. In addition to these components the fat
cell, gastrointestinal tract, α-cell, kidney, and brain interact in the development of glucose intolerance in type 2 diabetes individuals [30]. The insulin
resistance and insulin secretory dysfunction are strong predictors of type 2
diabetes [31] and may also be strong clinical predictors for fasting plasma
glucose (FPG), body mass index (BMI), and family history of diabetes [32].
The insulin resistance gives rise to an overproduction of glucose in the liver
during the basal state despite fasting hyperinsulinaemia [33] and an incapability of insulin suppression of the hepatic glucose production [34].
Furthermore, the manifestation of insulin resistance in skeletal muscle,
which is the earliest detectable abnormality of type 2 diabetes [35], results in
decreased glucose uptake after a carbohydrate meal and, in turn, postprandial
hyperglycaemia [36]. Many patients with type 2 diabetes are obese and
physically inactive and the obesity (particularly visceral adiposity) itself
increases the risk of type 2 diabetes as well as causing worsening insulin
resistance [37]. This scenario all together puts an excessive stress on the
pancreatic β-cells, which increase insulin production, secretion, and formation of new β-cells from progenitor cells to meet the defect insulin action
[38]. With time, β-cells fail to compensate for the insulin resistance and
blood glucose levels rise to IFG or IGT state and finally to overt type 2 diabetes.
The absolute annual risk of conversion from IFG or IGT to type 2 diabetes has been estimated to be 5 to 10% [39]. Notably, only about one third of
morbidly obese individuals with a high degree of insulin resistance suffer
type 2 diabetes [40]. The onset of type 2 diabetes can be very modest with
minor symptoms and remain undiagnosed for several years [41]. This also
holds true for elderly where the risk of type 2 diabetes is increased because
ageing is associated with both decreased insulin sensitivity and decreased
insulin secretion [42]. Type 2 diabetes is a progressive disease with deterioration of insulin secretion and leads for at least 50% of the patients, to absolute insulin deficit within 10 years of diagnosis [43].
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Epidemiology of type 2 diabetes
Global prevalence
Many important factors have to be considered when reporting prevalence of
type 2 diabetes as described in a review in 1982 [44]. Some of the factors to
consider are the use of a wide range of different methodologies and diagnostic criteria between studies. Others are the variety of ethnic groups both
within and between countries affecting the prevalence. Further, differences
in age and rural-urban migration can affect lifestyle factors and in turn
change population’s susceptibility to develop type 2 diabetes.
There appears to be a broad spectrum of genetic and environmental factors to be aware of when reporting and comparing prevalence of type 2 diabetes worldwide. Recently, two studies reported on the estimates of the
global prevalence of diabetes. The first estimated trends in FPG and diabetes
prevalence in adults (≥25 yrs) in 199 countries with 2.7 million participants
during 1980 to 2008. During the study period the age-standardized global
mean FPG increased by 0.07 mmol/l per decade or more. The agestandardized prevalence in 1980 was 8.3 % and 7.5 % for men and women
respectively and the corresponding numbers in 2008 were 9.8 % in men and
9.2 % in women. The authors concluded that the glycaemia and diabetes
increase was driven both by population growth and ageing and by agespecific prevalence [45].
The second study came from International Diabetes Federation (IDF) Diabetes Atlas in 2013 [46] and the estimates from that report in the adult population (20-79 yrs) expected the global prevalence to increase from 8.3% in
2013 to 10.1% in 2035. The corresponding number of subjects with diabetes
would then increase from 382 million to 592 million, with more than 40% of
the subjects coming from China and India. Type 2 diabetes comprises about
90% of all diabetes in high-income countries and may account for even
higher percentage in low- and middle-income countries [47]. Possible causes
of this “diabetes epidemic” are population growth, longer survival, urbanisation, and “Westernized” lifestyle with low physical activity, obesity, excessive energy intake and other factors.

Country specific prevalence outside the Nordic countries
Studies from various countries have reported prevalence of diabetes from
population samples of various ages. From China, a national study conducted
from June 2007 through May 2008 showed an age-adjusted prevalence of
9.7% of the adult (≥20 yrs) population, equal to 92.4 million people [48]. In
2010 a cross-sectional survey of adults (≥18 yrs) in China reported an agestandardized prevalence of 11.6%, corresponding to 113.9 million people
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[49]. The prevalence of prediabetes i.e. IFG and/or IGT was estimated to be
50% in the same study. From five rural areas in
Bangladesh three cross-sectional studies reported in adults (≥20 yrs) an increasing prevalence of diabetes from 2.3%, 6.8%, and 7.9% in 1999, 2004,
and 2009 respectively [50]. In Canada the age-adjusted prevalence of diabetes in an adult population (≥20 yrs) increased from 5.2% in 1995 to 8.8% in
2005 [51]. From 1980 to 2011, the age-adjusted prevalence of adults with
diabetes (≥18 yrs) in the United States increased from 3.7% to 8.5%, corresponding to 5.5 million and 20.8 million respectively [52]. Another U.S.
study including 22,586 adults (≥20 yrs) reported secular changes in agespecific prevalence of diabetes. The crude prevalence changed significantly
from 8.4 % in 1988-1994 to 12.1 % in 2005-2010 (p < 0.001) [53].
From Europe, where some regions according to the IDF projections will
show the lowest increase in diabetes prevalence in the world years to come,
an Italian study showed a rise in age-standardized diabetes prevalence (all
ages) from 3.2% in 2000 to 4.1% in 2007 [54]. In United Kingdom diabetes
prevalence in those aged 10-79 years increased from 2.8% in 1996 to 4.3%
in 2005 [55].

Prevalence in Nordic countries
In the Nordic countries diabetes prevalence was reported from Denmark in a
study showing an increase of age-specific prevalence (all ages) from 1.9% in
1995 to 4.2% in 2007, a 6% yearly increase [56]. In a Norwegian study
based on surveys in 1984 and 1995 the diabetes prevalence (≥20 yrs) increased from 2.9% to 3.2%, but only in men [57]. In Finland a report from
the “Diabetes Barometer” in 2007 showed a prevalence of 10% among
adults [58]. Studies from Sweden over the last three decades have shown a
modest or no increase in prevalence. In the northern part no prevalence increase during 1986-1999 was found based on four population surveys of 25
to 64-year-old subjects [59]. In contrast, there was a prevalence increase
from 2.4% among men and 2.1% among women in 1980-1987 to 3.5% and
2.8% among men and women respectively in 1996-2003 based on a Swedish
national interview survey of subjects aged 16-84 years [60].
From the Skaraborg Diabetes Register a study in 1991-1995 showed a total prevalence of 3.2% with a yearly increase in prevalence of 6% [61, 62].
The crude prevalence of type 2 diabetes (≥30 yrs) increased in Uppsala
county between 1996 and 2003 from 2.2 to 3.5% [63]. From the county of
Östergötland a study showed a prevalence of 4.4% (all ages) for the years
1999-2003 [64]. One further study from northern Sweden, MONItoring of
trends and determinants in CArdiovascular disease (MONICA) Project (an
extended study of the previously reported from the same area in 2002 [59])
was based on four cross-sectional surveys between 1990 and 2009 among 25
to 64-year-old subjects. At study end, the total prevalence of diabetes was
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5.8% and 6.5% in men and women respectively, with an unchanged prevalence during the whole period, both for men and women separately and for
separate age groups [65].
The Public Health Survey by the Swedish National Institute of Public
Health showed a total increase in prevalence (16-84 yrs) from 5% in 2004 to
6% in 2012, women from 4% to 5% and men from 6% to 7% [66].
A combination of data from the Swedish Prescribed Drug Register, a unit
within The National Board of Health and Welfare [67], and the National
Diabetes Register (NDR) [68], estimates the number of patients with diabetes in Sweden in 2012 to 444,000, corresponding to 4.6% of the total population.
Thus, no long-term follow-up prevalence studies including all ages seem
to have been published. The present thesis is based on such a study.

Incidence
There are not many diabetes incidence studies reported as compared with
published prevalence studies. One plausible reason might be that conducting
studies which systematically screening people with a “gold standard” test
and periodically retest with the same method are time consuming and logistically difficult to perform. Another reason might be the difficulty in defining time of onset.
However, an American study with Framingham data of individuals between 40 and 55 years of age observed a doubling of the age-adjusted incidence of type 2 diabetes over 30 years. The age-adjusted 8-year incidence
rate of diabetes was 2%, 3% and 3.7% among women and 2.7%, 3.6% and
5.8% among men in the 1970s, 1980s and 1990s respectively [69]. Centres
for Disease Control and Prevention (CDC) in U.S. reported in the age group
18-79 years an increasing age-adjusted incidence of diagnosed diabetes of
3.5 to 8.5 per 1,000 population in 1980 and 2008 respectively, thereafter
falling to 7.6 per 1,000 population in 2011 [70].
A population based study (≥20 yrs) from Taiwan showed an agestandardized incidence rate of 9 per 1,000 in 2000 with an increase to 9.3 per
1,000 and thereafter fluctuated and ended 2007 with 8.9 per 1,000 [71]. An
Italian study showed yearly age-standardized incidence (all ages) of 2.1 per
1,000 person-years between 1988-1994 [72]. Another Italian study showed
age-standardized incidence (all ages) to be stable throughout 2002-2007 with
approximately 4 cases per 1,000 inhabitants each year [54]. In Germany a
study in 2008 reported, from a population of members in a medical insurance
fund, that the age-adjusted incidence of type 2 diabetes was 2.81 cases per
1,000 person-years in men and 1.69 cases per 1,000 person-years in women
[73].
A database study from England reported age-standardized incidence (all
ages) of 17.5 per 10,000 person-years in 1994 and 22.1 per 10,000 person22

years in 1998 corresponding to 26% increase in incidence of diabetes for the
whole period [74]. Another study from United Kingdom showed an increase
of age-standardized type 2 diabetes incidence (10-79 yrs) from 2.6/1,000
person-years in 1996 to 4.31/1,000 person-years in 2005 [55].
From Finland a study of younger persons aged 15-39 showed an ageadjusted mean incidence of type 2 diabetes of 11.8 per 100,000/year between
1992-1996. The average annual increase was 7.9% [75]. The study was extended covering the period 1992 to 2001 and the increasing trend was confirmed [76]. The total age-adjusted incidence was 12.9 % per 100,000/year
with an average increase of 4.3 % per year (p<0.001). In Denmark a study in
1995-2006 showed an average increase of age-specific incidence (all ages)
of 5.3% per year before 2004 and an average decline of 3.1% per year after
this. In 2004 the incidence rate was 1.8 per 100,000 at age 40 years and 10
per 100,000 at age 70 years [56].
Among Swedish reports a small study from Malmö in 1990-1992 with the
objective of evaluating the frequency of autoimmune markers in newly diagnosed patients with diabetes aged 40-75 years found an annual incidence of
diabetes of 106 per 100,000 people [77]. From the Skaraborg Diabetes Register a study in 1991-1995 showed an annual incidence of type 2 diabetes of
265.6 per 100,000 inhabitants, significantly higher among men, but no increase was found during the study period [62]. Crude population incidence
of type 2 diabetes (≥30 years) in Uppsala county was stable in the period
1997-2003 with 3.7 cases/1,000 residents in the beginning of the period and
3.8 cases/1,000 residents at the end of the study period [63]. From Kronoberg, southern Sweden, a study in 1998-2001 reported an age-standardized
(all ages) incidence of type 2 diabetes of 160/100,000. The crude incidence
was 287/100,000 [78].
Whether there has been a true change in incidence rates across all ages
over a long time period can only be measured in a population that has been
systematically screened. No such studies have hitherto been published.

Mortality
The global burden of diabetes as a cause of death is substantial. In the projections of 2030 diabetes is likely to be the seventh leading cause of death, in
high-income countries the fourth and in low-income countries the ninth leading cause of death [79].
The excess mortality in individuals with diabetes compared with individuals without diabetes is well documented [80-83] and the risk of dying from
all-cause or cardiovascular disease (CVD) has been estimated to be 2-4 times
higher among diabetic subjects compared with non-diabetic subjects [84-86].
For the newly diagnosed patients this excess risk already exists compared to
people without diabetes [87, 88].
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However, another study showed that the excess mortality risk was evident
from two years after diagnosis and onwards [89]. The excess mortality has
also been shown to increase with duration of diabetes [90, 91] and decline
with increasing age at diagnosis [62, 80, 81]. However, results from studies
of the influence of sex on mortality risk for those with and without diabetes
have been inconsistent [92-96]. Altogether, individuals 50 years old with
diabetes but without vascular disease at enrolment compared with individuals without diabetes had on average a reduced life expectancy of 6 years, 5.8
years for women and 6.4 years for men [97]. Diabetes is also a strong and
independent risk factor for death from stroke among both men and women
according to a study from Finland [98]. CVD is the major cause of morbidity
and mortality in both men and women with diabetes accounting approximately for 60-70% of all deaths [99].
Among diabetic and non-diabetic subjects CVD is the major cause of
death. It would be expected that the general decline in mortality would be
reflected in both groups. Data from Framingham have reported a parallel
decline in all-cause and CVD mortality rates in both women and men with
and without diabetes over the period of 1950 to 2005 [100]. A Canadian
study showed reduced mortality by 25% in both sexes from 1995 to 2005
[51].
Recently, an updated study from 2004 to 2010 in United Kingdom using
the General Practice Research Database concluded that middle-aged people
with type 2 diabetes compared with people without diabetes had a twice and
thrice increased risk of all-cause and CVD mortality respectively. Moreover,
women had a higher relative risk than men and people younger than 55 years
of age had a higher relative risk than those over 55 years of age. The study
also provided evidence that the risk of mortality was lower than before in
people with diabetes, although elevated compared with the non-diabetic
population [96]. In Canada and UK, a recent study found a decreasing trend
in mortality risk over time in individuals with versus without diabetes, similar for women and men [101]. In Canada the diabetes mortality rate ratio
decreased from 1.90 in 1996 to 1.51 in 2009 and in the UK from 2.14 to 1.65
respectively.
Published studies from Scandinavia also showed declining trends in mortality in individuals with diabetes. A Danish study reported faster mortality
reduction in diabetic compared with non-diabetic subjects from 1995 to 2006
[56] and a Norwegian study reported reduced mortality for coronary heart
disease (CHD) in both sexes from both diabetic and non-diabetic subjects
[102]. In Sweden, two studies from the Northern Sweden MONICA project
reported trends in mortality from myocardial infarction (MI) and stroke in
individuals with or without diabetes. The first study concluded that in 1989
to 2000 a favourable trend in MI mortality was seen among non-diabetic
subjects but not in subjects with diabetes [103]. The second study, covering
the period 1985 to 2003, showed a declining mortality in first and recurrent
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stroke in individuals with and without diabetes, except for women with diabetes and first-ever stroke [104].
In a study reporting mortality from 1970 to 2002 with data from the
Cause of Death Register in Sweden, a declining mortality for women with
diabetes was found. In fact, at the end of the study period women with diabetes had no longer any statistically significant higher mortality than those
without diabetes. In contrast, mortality among men with diabetes had remained unchanged since the early 1980s [60]. From the county of Uppsala a
study from 1996 to 2003 in type 2 diabetes subjects reported a declining
mortality by 4% per year [63].
A national survey reported improved survival rates between 1980 to 2004
in subjects with diabetes, more so for women with diabetes compared with
men with diabetes [105]. In a thesis from 2006 Berger reported improved
survival for patients with diabetes during 1991 to 2005 in the county of Skaraborg, with women through the study years having a significantly higher
mortality risk compared with men [106].
Declining mortality rates in the general population during the past decades have been substantial. However, the situation among people with diabetes is less clear.

Screening
A common definition of screening is the application of a test to people who
are yet asymptomatic for the purpose of classifying them with respect to
their likelihood of having a particular disease, or having an increased risk to
acquire disease [107]. An alternative term is “Case-finding”, if the purpose
of screening is to find undiagnosed cases. To determine if a person has the
disease screened for, further evaluation is necessary by doing a diagnostic
test. If the test is positive then early treatment must be suitable with the goal
to reduce morbidity and mortality from the disease. The criteria for screening date from the classic WHO-report by Wilson and Jungner in 1968 [108].
Even today, albeit with some modifications, these criteria are “the golden
standard of screening assessment”:
 The condition sought should be an important health problem.
 There should be an accepted treatment for patients with recognized disease.
 Facilities for diagnosis and treatment should be available.
 There should be a recognizable latent or early symptomatic stage.
 There should be a suitable test or examination.
 The test should be acceptable to the population.
 The natural history of the condition, including development from latent
to declared disease, should be adequately understood.
 There should be an agreed policy on whom to treat as patients.
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The cost of case-finding (including diagnosis and treatment of patients
diagnosed) should be economically balanced in relation to possible expenditure on medical care as a whole.
Case-finding should be a continuing process and not a “once and for all”
project.

Mostly the approach for screening is organized as population based screening, selective or target screening (conducted in a subgroup of individuals
with a higher risk for the disease) or opportunistic screening (carried out
independently of what reasons individuals are seeking health care professionals for).

Screening for diabetes
A decade ago WHO and the IDF published a joint report, “Screening for
type 2 diabetes” [109]. This was the first global report with recommendations relevant to health care policy, action, and future research. The incentives to the report was the rapidly increasing diabetes prevalence, the high
number of undetected cases and that half of those who were diagnosed already had complications of the disorder.
Before the report was published, screening for diabetes was already more
or less frequently performed around the world. Screening programmes that
use uniform methods and internationally agreed diagnostic criteria can be of
great value when gathering information about the occurrence and natural
history of diabetes. In primary care opportunistic screening is an often inexpensive and suitable method for combining screening, establishing diagnose,
and lay down treatment in the same setting.
Meaningful evaluation of the performance of the screening test should include the definition of target population for screening, and the calculation of
sensitivity, specificity, and predictive values. It is also important to decide if
the diabetes diagnosis should be used for epidemiological or clinical purposes. For the former purpose, diagnosis could be based on a single blood test
whereas for the latter purpose diagnosis in the absence of symptoms requires
confirmation by repeated tests.

CVD mortality and CVD risk factors in the non-diabetic
population
As already mentioned subjects with diabetes suffer from a high incidence of
cardiovascular disease and, as a Swedish study showed 10 years ago, undiagnosed diabetes and IGT are common in subjects with an acute MI [110].
Therefore, it is of interest to follow the development of CVD mortality and
CVD risk factors not only in the diabetic population, but also in the non26

diabetic population in order to recognize preventive strategies that can be
effective in subjects with as well as without diabetes.
Mortality rates and CVD incidence have declined in most developed
countries, including Sweden over the past decades [111-116]. Declining
coronary heart disease (CHD) mortality rates are also reported from the
WHO-MONICA project. Advances in medical care, including changes in
coronary care and secondary prevention and changes in the existence of classic risk factors can partly explain the decline [117, 118].
This is opposite to what has happened in developing countries during the
last decades where CVD risk factors and disease rates have increased, mainly due to unhealthier lifestyle with consumption of inappropriate diets, higher rates of tobacco use and decreased physical activity, even in rural settings
[111, 112]. On the other hand, the INTERHEART study [119] showed that
nine easily measured and potentially modifiable risk factors accounted for
over 90% of the risk of an initial acute myocardial infarction worldwide, in
both sexes and at all regions. The good news is that if translated to preventive work, it might be similar worldwide. The INTERSTROKE study [120]
suggested that ten key risk factors explained 90% of the population attributable risk for stroke, and that the risk factors for stroke are similar to those
previously identified in the related INTERHEART study.
In Sweden a prospective cohort study with 11 years of follow-up among
60-years-old from Stockholm showed that seven modifiable risk factors predicted the risk for incident CVD and mortality regardless of BMI and that
the frequency of diabetes was lower with many healthy lifestyle factors,
especially among women [121]. Moreover, in an editorial [122], the authors
discussed strategies to combat CVD, diabetes and non-communicable diseases and identified a set of core interventions which are highly cost effective, affordable and feasible to implement in primary health care settings.
The interventions included drug therapy to individuals who have had a MI or
stroke or with high risk for CVD and also provide aspirin to individuals having an acute MI. This could be implemented even in low and middle-income
countries.
Since CVD is the major cause of morbidity and mortality in patients with
diabetes, more so than among subjects without diabetes, it is of importance
to reduce this burden. Traditionally treatments for the prevention of CVD
have targeted one or two risk factors, for instance high blood pressure or
high cholesterol in a single-risk-factor approach. A more cost-effective
method has been proposed based on total risk management in individuals
with moderate to high CVD risk [123]. The authors concluded that their
findings were relevant for all countries.
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Hyperglycaemia and hypertension in type 2 diabetes
individuals
Hyperglycaemia and risk of CVD
Non-diabetes range
Fasting glucose levels in the non-diabetes range and risk of CVD has been
the subject for several studies showing conflicting results. No association in
the non-diabetes range was found between FPG and CHD and stroke in a
study of women aged 60-79 years in England [124], nor did a Korean study
of men find any association between FPG and CHD (with the exception of a
linear association between FPG level >5.6 mmol/L and ischemic stroke)
[125]. The West of Scotland Coronary Prevention Study (WOSCOPS) in UK
found no increased risk of CVD or all-cause mortality with FPG in the nondiabetic range among men [126].
J-shaped relationships in the non-diabetes range was reported from the
Collaborative analysis of Diagnostic criteria in Europe, (DECODE) study
between FPG and mortality [127] as was also seen in the Australian Diabetes
Obesity and Lifestyle Study, (AusDiab) [128]. One paper concluded that
several reports have shown a continuous relationship between glucose (in the
non-diabetic range) and CVD risk in patients with and without diabetes
[129]. Likewise reported was an analysis of 17 cohorts from the Asia Pacific
region that showed a positive continuous association between FPG (down to
levels of 4.9 mmol/l) and CVD risk. The association was maintained even
when individuals with diabetes at baseline were excluded [130].
A meta-analysis estimated the dose-response curve and found that the
postchallenge glucose level appeared to be linearly related to CVD across
the non-diabetic range, whereas fasting blood glucose level showed a possible threshold effect at 5.6 mmol/L [131]. A study in Copenhagen, Denmark
tested whether elevated non-fasting glucose levels were associated with and
caused ischemic heart disease (IHD) and MI. In this study a new method
using a Mendelian randomization technique was used to evade confounding
and reverse causation. The result from this large study of adult individuals,
(approximately 6% diabetic subjects were included at baseline) showed that
both observational and genetically elevated non-fasting glucose levels were
associated with increased risk of IHD and MI and that elevated glucose per
se was causally related to the development of IHD and MI [132]. However, a
later review concluded that FPG within the normal range is not linearly associated with vascular disease in people without diabetes [133]. Moreover,
elevated FPG within the normal range does not aid CVD risk prediction beyond established risk engines.
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Prediabetes range
Whether prediabetes should be considered as a CHD risk equivalent or not
has been discussed recently in some papers. One paper concluded that it was
unclear if dysglycaemia is a surrogate for a more complex metabolic condition or directly increases CVD risk [134]. A systematic review from Reykjavik, Iceland, found a modest association between both fasting and post-loadglucose in the prediabetes range and CHD risk in people without diabetes.
An association of HbA1c with CHD risk in the same population was somewhat stronger [135].
Another systematic review reported that IFG and IGT were associated
with a modest increased CVD risk [136]. The Atherosclerosis Risk in Communities (ARIC) study [137] reported increased CVD risk for adult nondiabetic individuals in the HbA1c-level of 37-48 mmol/mol (5.5-6.5%,
DCCT-standard) as compared with individuals in HbA1c-level <37
mmol/mol (<5.5%, DCCT-standard). If referred to as prediabetes, with the
definition based on American Diabetes Association (ADA) [138] the numbers would be 39 to <48 mmol/mol (5.7% to <6.5%, DCCT-standard).
Likewise another study saw an increased risk of CVD in a non-diabetic
population with an HbA1c-level of 39 to <48 mmol/mol (5.7% to <6.5%,
DCCT-standard) [139]. A German cohort of subjects aged 50-74 years with
16% having diagnosed diabetes at baseline was followed for 8 years. Using
the ADA criteria for prediabetes no significant association with incident
cardiovascular events was found in the IFG and HbA1c defined group after
adjustment for CVD risk factors in both women and men [140].
Diabetes range
In patients with manifest diabetes several studies have shown a strong association with increased CVD risk with increased glucose levels. In the Heart
Outcomes Prevention Evaluation (HOPE) study [141] an independent increasing risk for CVD and death for increasing indices of HbA1c were found
among 3,529 subjects with diabetes followed for 4.5 years. Every 1% absolute rise in the updated HbA1c predicted future CVD events and death by
7% (RR 1.07, 95% CI 1.01-1.13; p=0.014) and 12% (RR 1.12, 95% CI 1.051.19; p=0.0004) respectively. A prospective cohort study from New Zeeland
that included 48,444 type 2 diabetes individuals with a mean follow-up of
2.4 years reported an independent increased CVD risk for each 1% increase
in HbA1c [142]. The HR for CVD was 1.08 (95% CI 1.06-1.10; p<0.001),
MI (HR 1.08, 95% CI 1.04-1.11) and stroke (HR 1.09, 95% CI 1.04-1.13).
Similar findings were reported from the Swedish NDR in a study among
18,334 individuals with type 2 diabetes followed for 6 years [143]. HRs per
unit 1% increase in baseline or updated mean HbA1c for fatal/nonfatal CHD,
CVD and total mortality were 1.11-1.13, 1.10-1.11, and 1.09-1.10 respectively. A meta-analysis of 102 prospective studies reported among 530,083
29

participants HRs for vascular outcomes in people with versus without diabetes [144]. Adjusted HRs with diabetes were 2.00 (95% CI 1.83-2.19 for
CHD; 2.31 (95% CI 2.05-2.60) for CHD death; and 1.56 (95% CI 1.19-2.05)
for ischemic stroke. The Action in Diabetes and Vascular Disease: Preterax
and Diamicron Modified Release Controlled Evaluation (ADVANCE) trial
[145] included 11,140 type 2 diabetes patients with a 5 year follow-up. The
result showed, with evidence of a HbA1c “threshold” of 53 mmol/mol (7%,
DCCT-standard) a significant higher risk of macrovascular disease. Every
1% higher HbA1c level above that threshold was associated with HR of 1.38
(95% CI 1.30-1.47; p<0.0001) for a macrovascular event and HR 1.38 (95%
CI 1.29-1.48; p<0.0001) for an all-cause death.

Hypertension and risk of CVD
Already at the diagnosis of diabetes hypertension is present in 20-55% of
patients depending on age, ethnicity, geographical areas etc. [146-149]. As
the duration of diabetes increases the proportion of patients with hypertension rises to approximately 80% [150-152]. When diabetes is combined with
hypertension the CVD risk increases additionally [150, 153-155]. Clinical
data on blood pressure and CVD risk and mortality in type 2 diabetes patients are reported in a study from the Swedish NDR [156]. Results from
18,512 drug naive patients followed for 6 years showed a significantly increased risk of CHD, stroke, CVD and total mortality with achieved blood
pressure of 140/80 mm Hg or higher as compared to blood pressure of 130134/75-79 mm Hg (p<0.001).
Overall, in the management of patients with diabetes and hypertension it
is important to use all available methods to measure blood pressure, in order
to achieve a better CVD risk stratification. For many years office blood pressure has been routinely used, but in recent years more studies have been
published regarding ambulatory blood pressure monitoring (ABPM) and
home blood pressure monitoring (HBPM) [157]. One paper concluded based
on a study of 550 patients with type 2 diabetes that ABPM correlated better
with chronic micro- or macrovascular complications except for retinopathy
and advanced nephropathy than did office blood pressure and that nocturnal
blood pressure was a stronger predictor than daytime blood pressure [158].
Recently another study using ABPM to detect masked hypertension in diabetes was published. The study included 9,691 subjects, 6.4% with diabetes, from 11 countries followed for a median of 11 years [159]. The authors
concluded that the prevalence of masked hypertension in untreated normotensive (measured with office blood pressure) patients with diabetes were
29.3% versus 18.8% among individuals without diabetes. The untreated patients with diabetes had a CVD risk comparable to stage 1 hypertension (systolic blood pressure 140-159 mm Hg, and diastolic blood pressure 90-99 mm
Hg). To avoid the dilemma with so-called white-coat hypertension HBPM
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might be used, as well as for detecting masked hypertension [160]. HBPM
readings are more reproducible and show stronger correlations with end organ damage than office readings [161, 162].

Pharmacological treatment of hyperglycaemia
As mentioned before many patients develop complications during their diabetes course but even at diagnosis many patients already have macrovascular
complications. A study based on clinical patient data from the NDR reports
increasing risks of CHD, CVD, and mortality with increasing HbA1c but no
risk increase at low HbA1c levels during 6 years of follow-up among 18,334
adult type 2 diabetes patients [143]. Moreover, data from the NDR report
[68] for the year 2012 show that the mean HbA1c for type 2 diabetes patients now is 54.9 mmol/mol (7.2%, DCCT-standard) with a gradually increasing trend during the last 5 years. A suggested explanation for this unfavourable trend could be an increasing BMI in the type 2 population. The
impact of this circumstance in terms of CVD risk requires further analysis.
The first randomized larger-scale study to test whether improved glucose
control could counteract the negative impact of glucose on the progress of
complications was the University Group Diabetes Program (UGDP) [163].
The results, published in 1978, showed that after a mean follow-up of 5.5
years, no improvements were seen in reducing cardiovascular events with
any kind of therapy. Thus, the expectation was high when results from the
landmark randomized study United Kingdom Prospective Diabetes Study
(UKPDS) [164] was presented in 1998. The study included 3,867 newly
diagnosed type 2 diabetes patients with a mean age of 54 years. However,
the study reported no improvements in macrovascular disease or mortality
after 10 years of intensive blood-glucose control, although reduction in microvascular disease was seen.
After the UKPDS study several epidemiological studies have shown a
positive association of glycaemic control and CVD risk [165-169]. Although
the UKPDS study had 10 years of follow-up it could still be too short to see
longer-term effects and/or the achieved HbA1c level of 53 mmol/mol (7%,
DCCT-standard) in the intensive group was not good enough to establish
beneficial effects on macrovascular outcomes.
To test whether or not a more intensive glucose regulation, close to a
normal range of glucose level, would reduce CVD in type 2 diabetes patients, three randomized controlled trials, two larger and one smaller, were
completed in 2008. The ADVANCE trial [170] included 11,140 type 2 diabetes patients with a mean age of 66.6 years and an average disease duration
of 8 years from 20 countries worldwide. The aim was to lower HbA1c in the
intensive-therapy group to a target of 48 mmol/mol (6.5%, DCCT-standard).
After a median of 5 years of follow-up the mean HbA1c was 48 mmol/mol
in the intensive-therapy group as compared with 56 mmol/mol (7.3%,
31

DCCT-standard) in the control group. There was no significant reduction of
risk for major macrovascular events (HR 0.94, 95% CI 0.84-1.06; p=0.32) or
all-cause mortality (HR 0.93, 95% CI 0.83-1.06; p=0.28).
The other large-scale study, Action to Control Cardiovascular Risk in Diabetes (ACCORD) trial [171] included 10,251 type 2 diabetes patients, from
USA and Canada with a mean age of 62 years and median disease duration
of 10 years. The aim in the intensive therapy and the control group was to
achieve HbA1c level below 42 mmol/mol (<6%, DCCT-standard) and 53-63
mmol/mol (7.0-7.9%, DCCT-standard), respectively.
Because of higher mortality in the intensive-therapy group it was terminated 17 months before scheduled study end of intensive therapy after a
mean of 3.5 years of follow-up. At that time HbA1c was 46 mmol/mol and
58 mmol/mol (6.4% and 7.5%, DCCT-standard) in the intensive-therapy and
control group respectively. The rate of all-cause mortality was higher in the
intensively treated group than in the control group (5.0% versus 4.0% HR
1.22, 95% CI 1.01-1.46; p=0.04). The result of primary outcome (non-fatal
MI and stroke, or death from cardiovascular cause) showed no significant
risk reduction in the intensive-therapy group (HR 0.90, 95% CI 0.78-1.04;
p=0.16), although a significant reduction was seen for the risk of non-fatal
MI (HR 0.76, 95% CI 0.62-0.92; p=0.004).
The third study, Veterans Affairs Diabetes Trial (VATD) [152] included
1,791 type 2 diabetes veterans from USA, with a mean age 60 years and a
mean disease duration of 11.5 years. The goal in the intensive-therapy and
the control group was to achieve HbA1c levels below 42 mmol/mol (<6%,
DCCT-standard) and below 75 mmol/mol (9%, DCCT-standard) respectively. The result after a median follow-up of 5.6 years and HbA1c levels of 52
mmol/mol and 68 mmol/mol (6.9% and 8.4% DCCT-standard) in the intensive-therapy and control group respectively showed no significant reduction
in the intensive-therapy group for the primary outcome, which was the time
to first occurrence of any of a composite of cardiovascular events, (HR 0.88,
95% CI 0.74-1.05; p=0.14). There was no significant difference between the
two groups in any component of the primary outcome or in the rate of death
from any cause (HR 1.07, 95% CI 0.81-1.42; p=0.62).
In the light of the disappointing results of these studies, data from the
study of 10-year follow-up of intensive glucose control in type 2 diabetes
from the UKPDS was presented [172]. In this post-trial monitoring, 3,277
patients were annually attending UKPDS clinics for 5 years (1997-2002),
without attempts to maintain their previously assigned therapies. From years
6 to 10 (2003-2007) the patients were assessed by questionnaires. Betweengroup differences in HbA1c levels were lost after the first year and by the
end of the first 5 years it was between 58 mmol/mol and 64 mmol/mol (7.5
to 8%, DCCT-standard) depending on the original assignment to sulfonylurea-insulin, or conventional or metformin, or conventional therapy. The intensive-therapy group (sulfonylurea-insulin) had a relative reduction in risk
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for any diabetes-related endpoint, (9%, p=0.04), microvascular disease,
(24%, p=0.001), MI, (15%, p=0.01), and death from any cause, (13%,
p=0.007). In the metformin group, significant risk reductions persisted for
any diabetes-related end point (21%, p=0.01), MI (33%, p=0.005), and death
from any cause (27%, p=0.002).
The authors concluded that benefits of an intensive strategy to control
blood glucose levels were sustained for up to 10 years after the cessation of
the interventions, despite the early loss of within-trial differences in HbA1c
levels between the intensive-therapy group and the conventional-therapy
group. A new statement for this result was presented, a so-called legacy effect.
However, the results from the ADVANCE, ACCORD, and VATD studies
could not conclude that intensive glucose therapy was a good choice for
patients to decrease the risk of CVD. The ACCORD trial even showed an
increase in total mortality. The price of the intensive therapy in all three
studies was an increased risk of hypoglycaemia.
Since then these results have been extensively discussed and several reviews and meta-analyses have been published [173-182]. The meta-analyses
differ in many ways, for instance, numbers of included studies, aims of the
analysis, methods used, outcomes, and search strategy. The reported results
from all these studies, except one [175] have shown that intensive rather than
standard glycaemic control reduces the incidence of some of the CVDmorbidity outcomes but not mortality.
However, all studies reported increased episodes of hypoglycaemia in the
intensively treated groups. Recently, a systematic review with meta-analysis
and trial sequential analysis was published [183]. This review reanalysed
current evidence of the effect of targeting intensive glycaemic control on
mortality and macro- and microvascular complications in patients with type
2 diabetes and the authors also reported supplemental data in another paper
[184]. Their review differs from the meta-analysis reported above, first by
following the recommendations of the Cochrane Collaboration and their
published protocol. Secondly, they used for the first time on this topic trial
sequential analysis, which is similar to interim analysis in a single trial
where monitoring boundaries are used to decide whether a trial could be
terminated early if a P value is sufficiently small to show the anticipated
effect. Thirdly, they used a unique heterogeneity adjustment for the number
of patients necessary to answer a specific question and fourthly, they did the
analysis on the basis of predefined differences in glycaemic targets instead
of achieved differences.
The conclusion from the analysis was that intensive glycaemic control in
type 2 diabetes patients did not seem to reduce mortality. The data from the
randomized clinical trials was insufficient to prove or refute a relative risk
reduction for macro- and microvascular complications at a magnitude of
10%. However, sufficient evidence exists that the risk of severe hypogly33

caemia increases by 30% for the patients in the intensive compared with the
standard control group. In spite of all these studies and many reviews with
meta-analysis we still do not know what the optimal glycaemic target should
be.

Pharmacological treatment of hypertension
Unlike the unsatisfactory trend for mean HbA1c, the latest 5 years reports
from the NDR [68] show improved trends in mean blood pressure in the type
2 diabetes population. Mean systolic and diastolic blood pressure is now
135.2/76.2 mm Hg (2012) and an increasing number of patients (62.1%)
achieve blood pressure ≤140/80 mm Hg. However, as for HbA1c there is a
lack of knowledge of what impact this development will have on population
level in terms of risk reduction in CVD or what the optimal blood pressure
should be.
In a meta-analysis based on one million adults from the general population it was concluded that from middle age and onwards individuals free
from vascular disease at baseline and followed an average of 14 years, increasing blood pressure from 115/75 mm Hg was strongly and directly associated to vascular mortality without any evidence of a threshold [185, 186].
In recent years there has been an intensive debate on which target level of
blood pressure that would be optimal to reduce the CVD and mortality risk
in patients with type 2 diabetes. The UKPDS study in 1998 showed that tight
control of blood pressure, mean 144/82 mm Hg, as compared with a mean
154/87 mm Hg for a standard control group, and followed for over 9 years
significantly reduced stroke (RR 0.56, 95% CI 0.35-0.89; p=0.013), mortality related to diabetes (RR 0.68, 95% CI 0.49-0.94; p=0.019), and microvascular disease (RR 0.63, 95% CI 0.44-0.89; p=0.0092), but not MI (RR 0.79,
95% CI 0.59-1.07; p=0.13), among individuals with type 2 diabetes [187].
Likewise the 10-year post-trial monitoring of glucose control in the
UKPDS follow-up study had a companion in a similar follow-up study of
blood pressure. This post-trial UKPDS study over 10 year, examined whether the risk reduction for micro- and macrovascular disease achieved in the
intervention period with improved blood-pressure control would be sustained [188]. The study ended in 2007 and the result was that the benefits of
tight blood pressure control in terms of reduced complications were no longer maintained. Within two years after termination of the trial the differences
in blood pressure between the two groups during the trial disappeared. In
contrast to the results from the UKPDS post-trial regarding glucose control
and its long-term effects there were no post-trial legacy effects concerning
earlier advantageous tight blood pressure control.
At this time the ADVANCE, ACCORD, and VADT studies, all with a
design of admitting blood pressure arms along with the glucose arms, also
reported their results. First to report was the ADVANCE trial in 2007 [151].
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Over a mean of 4.3 years the mean systolic blood pressure in the randomized
intensive group was 135 mm Hg. The relative risk of major micro- and
macrovascular events was significantly reduced in the active group (HR
0.91, 95% CI 0.83-1.00; p=0.04). The separate reductions in micro- and
macrovascular events were not independently significant. The relative risk of
CVD mortality was significantly reduced (HR 0.82, 95% CI 0.68-0.98;
p=0.03), as was death from any cause (HR 0.86, 95% CI 0.75-0.98; p=0.03).
However the trial had no specified targets for the comparison group,
which makes it difficult to compare the results with other studies. The ACCORD BP trial [189] tested whether intensive systolic blood pressure targeting BP below 120 mm Hg versus standard therapy less than 140 mm Hg in
type 2 diabetes patients over a mean follow-up of 4.7 years would reduce
CVD morbidity and mortality. There was no significant difference in the
primary outcome despite significant difference in the achieved blood pressure values, 119.3 mm Hg in the intensive group versus 133.5 mm Hg in the
standard group. The nonfatal stroke rate, a prespecified secondary outcome
was significantly reduced in the intensive group (HR 0.59, 95% CI 0.390.89; p=0.01).
Finally, the VADT study [190] had a different design. Patients with hypertension, both in the intensive and standard glycaemic treatment groups,
received stepped treatment to reach target blood pressure below 130/80 mm
Hg to investigate if this regime at baseline and follow-up (On-Study) after 7
years could predict CVD events. The rationale for the design was to improve
blood pressure in an identical manner in both groups and thereby exclude the
effect of blood pressure differences in CVD events between treatment arms
and reduce the overall risk of macrovascular complications during the trial.
The study showed increased risk for CVD with blood pressure of 140/70 mm
Hg at baseline (HR 1.79, 95% CI 1.06-3.00; p=0.03), and On-Study (HR
2.04, 95% CI 1.28-3.27; p=0.003). Systolic blood pressure ≥140 mm Hg
implied a significantly increased risk for CVD at baseline (HR 1.51, 95% CI
1.20-1.90; p<0.001), and On-Study (HR 1.47, 95% CI 1.16-1.87; p=0.002).
Diastolic blood pressure <70 mm Hg implied an increased CVD risk at baseline (HR 1.48, 95% CI 1.18-1.86; p<0.001), and On-Study (HR 1.49, 95%
CI 1.21-1.84; p<0.001).
Recently three meta-analyses were published exploring two decades research on optimal blood pressure targets and the effects of intensive blood
pressure reduction on complications in type 2 diabetes patients. In the first
meta-analysis [191] the aim was to determine the optimal blood pressure
target in patients with type 2 diabetes, IFG or IGT and evaluate micro- and
macrovascular events. The authors identified 13 randomized clinical trials
enrolling 37,736 patients. In the intensive blood pressure group (systolic BP
≤135 mm Hg) as compared with the standard blood pressure group (systolic
BP ≤140 mm Hg) a significant reduction in all-cause mortality (OR 0.90,
95% CI 0.83-0.98) and stroke (OR 0.83, 95% CI 0.73-0.95) was seen. More
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intensive control with systolic BP ≤130 mm Hg was only associated with a
significant risk reduction in stroke (OR 0.53, 95% CI 0.38-0.75). Metaregression analysis showed a continued risk reduction for stroke only with a
systolic BP <120 mm Hg, but at the prize of a 40% increased risk of serious
adverse events at the level of <130 mm Hg. Finally, the authors concluded
that an acceptable treatment goal of systolic BP could be 130 to 135 mm Hg.
The second meta-analysis [192] estimated effects of blood pressure reduction on the risk of MI and stroke in type 2 diabetes patients. The authors
included 31 randomized controlled trials with 73,913 type 2 diabetes patients. The study showed, overall, that experimental treatment reduced stroke
(RR 0.91, 95% CI 0.86-0.97; p=0.0059) and MI (RR 0.89, 95% CI 0.830.96; p=0.0015). The result for different blood pressure strategies with a
final mean systolic BP of 129 mm Hg in the intensive treatment group compared with the standard treatment group significantly reduced stroke (RR
0.61, 95% CI 0.48-0.79; p<0.001) and insignificantly reduced MI by 13%.
Meta-regression analysis showed a significant reduction in stroke by 13%
(RR 0.87, 95% CI 0.80-0.95; p=0.002) for each 5 mm Hg reduction in systolic BP and by 11.5% (RR 0.89, 95% CI 0.83-0.95; p<0.001) for each 2 mm
Hg reduction in diastolic BP. No significant association was seen for MI.
The third meta-analysis [193] aimed to determine the effectiveness and
safety of treating BP to intensive targets with upper limit of 130 mm Hg
systolic and 80 mm Hg diastolic compared with standard targets with upper
limit of 140-160 mm Hg systolic and 85-100 mm Hg diastolic BP. In total
7,312 patients with type 2 diabetes from five studies were included. The
result showed that intensive blood pressure targets were not associated with
a significant decrease in the risk for mortality, (RR difference 0.76, 95% CI
0.55-1.05) or MI (RR difference 0.93, 95% CI 0.80-1.08) but were associated with a decrease in the risk for stroke (RR 0.65, 95% CI 0.48-0.86). The
pooled analysis of risk differences associated with the use of intensive BP
targets showed a small absolute decrease in the risk for stroke but no statistically significant difference in the risk for mortality or MI.
In a Cochrane intervention review the objective was to determine if 'lower' BP targets (any target less than 130/85 mm Hg) were associated with
reduction in mortality and morbidity compared with 'standard' BP targets
(less than 140-160/90-100 mm Hg) in people with diabetes [194]. Five RCTs
were included in the analyses and one, ACCORD-BP trial compared outcomes regarding systolic BP, and has previously been mentioned. The other
four trials specifically compared clinical outcomes associated with 'lower'
versus 'standard' targets for diastolic blood pressure. Participants assigned to
'lower' diastolic BP had a significantly lower achieved BP 128/76 mm Hg vs
135/83 mm Hg, (p<0.0001). There was a trend towards reduction in total
mortality in the group assigned to the 'lower' diastolic BP target (RR 0.73,
95% CI 0.53-1.01). There was no significant difference in stroke (RR 0.67,
95% CI 0.42-1.05), in MI (RR 0.95, 95% CI 0.64-1.40) or in CHF (RR 1.06,
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95% CI 0.58-1.92). A sensitivity analysis of trials comparing diastolic BP
targets <80 mm Hg versus <90 mm Hg showed similar results. The authors
concluded that lower blood pressure targets than the standard targets in people with elevated blood pressure and diabetes is not supported by current
evidence.
In spite of all these RCTs we still do not know which preferable level of
BP we should aim for.

Screening for diabetes as a tool to prevent or postpone
CVD and mortality
A positive “side-effect” of screening for diabetes would benefit individuals
whose diagnostic test results show intermediate hyperglycaemia, i.e. IFG
and/or IGT. The word positive in this context should be understood in the
light of the knowledge that lifestyle interventions [195-202] and pharmacological treatment [198, 200, 203-205] of prediabetes may prevent or delay
the progression to type 2 diabetes in high-risk individuals. A relative risk
reduction of approximately 30 to 60% in the intervention group as compared
with the control group has been shown, as concluded in a systematic review
and meta-analysis [206].
Another systematic review and meta-analysis also found a beneficial effect with lifestyle interventions on the incidence of diabetes in patients with
IGT [207]. Pooled analyses data from three European trial cohorts reinforced
the evidence for diabetes prevention by lifestyle intervention [202]. Moreover, the achieved effect of lifestyle intervention on diabetes risk seemed to
be sustained several years after the active lifestyle counselling was stopped
[208-211]. However, whether lifestyle intervention also leads to reduced
CVD and mortality remains unclear as was the conclusion in a recent systematic review and meta-analysis [212]. In this analysis two long-term studies were analysed. The Finnish Diabetes Prevention Study [213] and the Da
Qing Diabetes preventive trial [209] reported after 10 year and 20 year of
follow-up respectively, no difference between groups (intervention versus
control) regarding CVD-events and total mortality.
The economic evaluation of these interventions has recently been reviewed by the National Institute for Health and Clinical Excellence (NICE)
with the conclusion that risk assessment for people at high risk of diabetes is
likely to be cost effective at £10,000 or less per quality-adjusted life year
(QALY) [214]. Shortly afterwards in another publication from the National
Health Service (NHS) in the UK it was concluded in a systematic review and
economic evaluation that non-pharmacological interventions to reduce the
risk of diabetes in people with IGT were cost-effective [215].
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A systematic review and meta-analysis tested how effective the US Diabetes Prevention Programme (DPP) study [198] was in a real-world setting if
applying lifestyle interventions from that study among people with high risk
of diabetes [216]. By analysing 28 included studies in the US who used the
DPP lifestyle intervention programme, the authors concluded that clinically
relevant (4-5%) weight loss maintained over nine months of follow-up was
possible to achieve and thereby reducing the risk for diabetes. With every
additional lifestyle session attended weight loss increased by 0.26 percentage
point. Whether eight, twelve, sixteen, or more sessions are most costeffective, could not be determined.
This review was followed by another US study showing in a simulation
model that a national community-based lifestyle programme (based on USDPP trial) led by the National Institutes of Health (NIH) could delay or prevent type 2 diabetes in high risk individuals and save $ 5.7 billion in 25
years [217]. From a Swedish point of view a modelling study among 60year-olds in the County of Stockholm using the Finnish DPS programme
(subjects with IGT) as base showed that lifestyle intervention in high-risk
subjects would be cost-saving for the healthcare payer and highly costeffective for society as a whole [218]. Therefore, finding individuals with
IGT is essential also because these individuals suffer a higher CVD death
risk according to an Australian cohort study (AusDiab) [219] and a modest
increased risk for stroke found in a meta-analysis [220].
To test how to find these individuals by using the Finnish Diabetes Risk
Score (FINDRISC) [41] was recently evaluated in a Swedish cross-sectional
study [221]. The authors concluded that the FINDRISC questionnaire was
less effective for detection of individuals with IGT as compared with detecting persons with impaired glucose metabolism (IFG + IGT + type 2 diabetes). Finally, screening for prediabetes and diabetes as compared with no
screening should be cost-saving in high risk patients [222, 223], as the costs
to reduce the incidence of diabetes is relatively low with various lifestyle
interventions as compared with the lifetime costs of treating type 2 diabetes
and its complications [224-226].
Whether it is more advantageous for subjects with diabetes to be screening-detected than to be clinically diagnosed in terms of reduced risk for
morbidity and mortality has been the subject of many debates during a long
time. The rationale for screening is a potential to intervene earlier in the disease course and thereby achieve improved long-term outcomes. Several organizations and authorities have recommended screening in high risk individuals to identify undiagnosed type 2 diabetes subjects and continuously
evaluate such activities [109, 214, 227-230]. American Diabetes Association´s (ADA) recommendation on diabetes intervention was evaluated in a
systematic review of the cost-effectiveness of intervention to prevent and
control diabetes and concluded that many interventions are cost saving or
very cost-effective and supported by strong evidence [231]. Moreover, evi38

dence from modelling studies suggests that screening for adult diabetes
would reduce morbidity and mortality and also be cost-effective if starting
between 30 and 45 years of age [232-234].
From the Netherlands the Hoorn screening studies investigated among 50
to 75 year olds whether screening-detected patients (n=195) differed from
newly diagnosed patients (n=60) with diabetes regarding micro- and macrovascular complications. These population target-screening procedures were
performed with stepwise screening with questionnaires and fasting capillary
blood glucose measurements followed by diagnostic testing. The studies
showed equal prevalence for both micro- and macrovascular complications
among screen-detected and newly diagnosed subjects but screen-detected
had lower degree of hyperglycaemia [235, 236].
Within the same screening programme another paper reported on healthrelated quality of life (HRQoL) during the first year following diagnosis
among screen-detected and clinically diagnosed patients and found almost
identical symptom scores in both groups [237]. Another report, also with
participants from the Hoorn screening project, found that the screen-detected
type 2 diabetes patients as compared with patients without diabetes had no
substantial adverse or positive effect on psychological well-being and perceived health one year after diagnosis [238].
In a recent study from a single practice in Ely, UK, on the effect of population screening every 5 years for type 2 diabetes, 1,705 individuals, 40 to 65
years of age were randomly sampled and followed for 18 years with mortality as outcome [239]. The result showed that individuals invited, as compared
with those not invited to screening had a non-significant 21% relative reduction (HR 0.79, 95% CI 0.63-1.00; p=0.05) in mortality between 1990 and
1999. In a second stage of follow-up between 2000 and 2008 there was no
significant difference in mortality risk between screening invited individuals
and those not invited.
A year later a new report based on 13 years of follow-up came from the
Ely cohort. Screening for diabetes was not associated with long-term harms
on self-rated health in both screened and unscreened groups. Similar findings
were also noted for clinical measures, self-reported medication, and CVD
morbidity with no reported differences between the two groups [240]. Moreover, a third study from the Ely cohort concluded that diabetes screening
resulted in individuals being identified on average 3.3 years earlier as compared with those diagnosed in an unscreened population [241].
Another screening method is opportunistic screening, which is convenient
to perform in primary health care. One important factor to take into account
before using this method is the costs. Two recent papers have investigated
this subject. The first report came from Denmark and concluded that the cost
per new screen-detected diabetes diagnosis in general practice using two
different opportunistic screening programmes were € 727 and € 707 [242].
The same study also showed that the cost of a mail-distributed approach was
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€ 1058. The second study came from England and reported from a single
general practice over a three-year period a cost of £ 377 per new screendetected diabetes diagnosis. Further, the authors also found that during the
three-year period almost two-thirds of new cases of type 2 diabetes could be
detected before symptoms were reported [243].
Not until recently the results from the first RCTs in the field were published. These studies were collaborations between three countries, Denmark,
the Netherlands, and UK (Cambridge and Leicester) in the Anglo-DanishDutch Study of Intensive Treatment In People with Screen Detected Diabetes in Primary Care (ADDITION-Europe). The first long-term follow-up
study from this teamwork was recently published [244]. In that study 343
general practitioners were randomly assigned to provide intensive multifactorial treatment or routine care to those detected having diabetes by means of
a stepwise screening programme of registered patients aged 40–69 years
(50–69 years in the Netherlands) without known diabetes. The primary endpoint was a composite of first CVD event. After a mean follow-up time of
5.3 years among 3,055 patients the result showed significant improvements
in CVD risk factors and increased prescriptions of treatments in the intensive
treatment group compared with the control group and a non-significant 17%
relative reduction (HR 0.83, 95% CI 0.65-1.05; p=0.12) in the incidence of
CVD events and death. Besides, the authors noted that the rates of CVD
between the groups seemed to diverge after four years with lower rates in the
intensive treatment group. Important clinical differences in risk factors between the groups at year one [245] were not maintained and were smaller
than those achieved in other studies [146, 246, 247]. The ADDITIONEurope study found no evidence that intensive treatment adversely affected
patient-reported outcomes early in the course of the disease [248].
The other long-term study within the ADDITION programme came from
eastern England (ADDTION-Cambridge) [249]. Recently published data on
mortality over a median duration of 9.6 years for 16,047 high risk individuals in the intervention group as compared with 4,137 individuals in the control (no screening) group showed no reduced all-cause, CVD, or diabetes
related mortality associated with an invitation to screening. To be correct, as
was concluded in a Health Technology Assessment (HTA) report recently,
this was not a trial of screening but was a trial of intensive intervention compared with standard care in people found to have undiagnosed diabetes by
screening [250].
The authors discussed possible explanations for the lack of difference in
mortality between the groups. For instance, it might have been a dilution of
the effect of screening because of the on-going ad-hoc opportunistic screening for type 2 diabetes in primary care. Another reason might have been that
the GPs care of individuals with CVD risk factors have continuously improved and thus the mortality in the control group was 50% lower than expected. Also, the prevalence of undiagnosed diabetes might previously have
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been overestimated and only one screening round was undertaken resulting
in some persons with diabetes might have been missed. Apart from the result, nested studies within ADDITION regarding possible psychological
harms showed no negative influence [251] nor did it falsely reassure individuals with negative results [252].
In a prospective observational study from Dutch primary care 565 patients with type 2 diabetes, aged 45 to 75 years, were compared based on
whether they had been diagnosed by opportunistic target screening or clinically [253]. Patients in both groups received the same guideline-concordant
diabetes care. They were followed for a mean of 7.7 years and the outcomes
were CVD mortality and morbidity. The result showed no significant difference in the primary or secondary outcomes although the patients in the opportunistic-screened group had higher baseline CVD morbidity. The authors
argued that screened patients appeared to have improved vascular outcomes
and lower risk for retinopathy during follow-up while those clinically detected had a trend towards a higher risk for major vascular events. To detect
differences between two so similar treated groups during a mean follow-up
time of 7.7 years might be too short a time before any detectable difference
might appear.
Lastly, the issue of screening for type 2 diabetes in adults was recently
published in an updated review [254].The authors concluded that with best
available evidence screening individuals with high risk for type 2 diabetes
might be done with HbA1c every 3-5 years or annually if at very high risk.
The authors also commented on the only RCT in the field, the ADDITIONCambridge study [249] and implicitly meant that the result from that study
was applicable to a population at low to moderate risk of diabetes, rather
than to adults at high or very high risk.

Study background
In the beginning of the 1940s the first district medical officer in the municipality of Laxå was inaugurated. At the end of the 1960s the primary health
care centre (PHCC) had for the first time two working physicians but not
until the beginning of the 1970s had the situation settled down. It was at this
time the general practitioners (GP) Dan Andersson and Hans-Owe Persson
(H-OP) started their long and meritorious work in the municipality of Laxå.
National guidelines for diabetes care were first introduced in 1977 [255],
and along with the new WHO recommendations in 1980 [11] a new era was
established in the care of patients with diabetes. The two guidelines pointed
out the important aspect of teamwork between well-educated physicians and
specialized nurses in primary health care in the treatment of patients with
diabetes. The care of patients with diabetes as well as many other chronic
and multiple diseases become more structured as the implementation of pri41

mary health care in Sweden started in the 1970s. During the early phase of
the diabetes research at Laxå PHCC the project got more formalized when
family medicine as a university department for general practitioners in Sweden was established in 1981. The diabetes research project in Laxå in this
way became affiliated with Uppsala University.
Albeit this positive development it was at that time clear that patients with
diabetes in the Örebro County had a higher mortality rate as compared with
other parts of Sweden [256]. In the light of this the need for the present clinical epidemiology study grew. It was an auspicious situation in Laxå for
clinical epidemiology research since the PHCC was located in the county at
a relative long distance, 50 km, from hospitals, and with few other health
care givers in the area, low turnover rate among PHCC staff, excellent patient record files, and a well-designed diabetes register organized and kept
updated from the early 1970s and onwards.
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Aims of the study

The specific aims of the study were:


To study prevalence and incidence rates of diabetes in Laxå during 30
years of follow-up.



To analyse mortality trends among patients with and without diabetes
over the time period 1972-2004 in Laxå and to test the hypothesis that
changes in all-cause and cardiovascular disease mortality have been parallel among the two cohorts.



To analyse the effects of blood pressure, blood glucose, and extent and
intensity of hypertension and diabetes treatment on cumulative cardiovascular incidence in a cohort of 740 patients with newly diagnosed type
2 diabetes during a follow-up of 30 years.



To analyse all-cause mortality and incidence of cardiovascular outcomes
in type 2 diabetes subjects detected by screening, compared with clinically diagnosed subjects during 30 years of follow-up
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Research design and methods

Study population (Papers I-IV)
The study was undertaken in Laxå, a small municipality of 565 km2 in Örebro county, central Sweden. The study base consisted of the Laxå municipality population during the period 1972-2001. The Laxå population decreased
and grew older over time. This trend was stronger than that for both Örebro
county and the Swedish national populations (Table 2). In the beginning of
1972 the population numbered 9296, in the mid period of the study i.e.1988
it was 7875 and at the end 2001 it was 6577, almost a 30% decrease in the
total population in Laxå during the study period . The distribution of professions, unemployment rate, average income, and urban/rural areas was approximately the same as in the national population as was the number of
foreign citizens. From the late 1970s until 2005 a camp with 200-700 refugees was located in Laxå under the authority of the Swedish Migration
Board. The refugees were not included in the population of the community
before their applications for a residence permit was granted.

Health care organisation
Healthcare in Laxå is provided by the PHCC, which is part of the Örebro
County Health Service. All residents in the municipality have good access to
the PHCC and patient fees for practice appointments are heavily subsidized
by central and local governments, which mean that private financial resources are seldom an obstacle to health care utilization.
Until the mid-part of the study period the PHCC had two to three GPs and
after that four. Out of the few GPs working at the PHCC throughout the
years two are still working there, Erland Tivell and Gunilla Persson, starting
in the early 1980s and mid-1980s, respectively.
Vacancies have been filled with short-term locum tenens. In addition,
several medical interns and a few ST have fulfilled their education at the
PHCC. Only one private practitioner, H-OP worked part-time outside the
PHCC from 1979 to 1997. Since 1978 a specialized diabetes nurse has been
employed and together with other staff nurses have provided many years of
good continuous service. The diabetes care team also included a social
worker, a physiotherapist, and a podiatrist.
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4448

4848

4066592

4048573

605436
(15)
460262
(11.5)
521308
(13)
486666
(12)
334052
(8)
172514
(4)

Total

563438
(14)
449894
(11)
519999
(13)
500298
(12)
390299
(10)
244390
(6)

25-34, n
(%)
35-44, n
(%)
45-54, n
(%)
55-64, n
(%)
65-74, n
(%)
75+, n
(%)

655
(14)
524
(11)
612
(13)
522
(11)
402
(8)
213
(4)

595
(13)
503
(11)
556
(13)
495
(11)
372
(8)
244
(5)

Age, yrs

0-24, n
(%)

January 1, 1972
Laxå
Sweden
WoMen
Women
Men
men
1683
1920
1398274 1468335
(38)
(40)
(34)
(36.5)

3836

456
(12)
507
(13)
426
(11)
487
(13)
394
(10)
383
(10)
4049

542
(13)
590
(15)
430
(11)
460
(11)
410
(10)
303
(7)
4261500

554171
(13)
628326
(15)
463597
(11)
451931
(10.5)
452123
(10.5)
403013
(9)
4152583

580492
(14)
655491
(16)
475912
(12)
428088
(10)
387931
(9)
249943
(6)

January 1, 1988
Laxå
Sweden
WoMen
Women
Men
men
1177
1314
1308339 1374726
(31)
(32)
(31)
(33)

3241

319
(10)
410
(13)
449
(14)
434
(13)
379
(12)
408
(13)
3336

355
(11)
458
(14)
470
(14)
433
(13)
339
(10)
301
(9)

4500683

588957
(13)
603632
(13)
597831
(13)
536321
(12)
392911
(9)
486844
(11)

4408445

611087
(14)
630658
(14)
611456
(14)
542153
(12)
345797
(8)
306512
(7)

December 31, 2001
Laxå
Sweden
WoMen
Women
Men
men
842
980
1294187 1360782
(26)
(29)
(29)
(31)

Table 2. Age distribution of the population in Laxå as compared with the national Swedish population at the start, in the mid and at the end of
the study period 1972-2001. Data from Statistics Sweden.

Through the years there were local nursing homes with patients who received their medical care from the GPs at the PHCC. One local pharmacy in
Laxå handles about 95% of all prescriptions issued to residents of the municipality. The nearest hospitals, Karlskoga and Örebro, are located 45 and 52
km away respectively. The vast majority of Laxå residents with type 2 diabetes were treated at the PHCC and most subjects with type 1 diabetes were
treated at one of the two hospitals.

Diabetes registry and identification of patients with diabetes
(Papers I-IV)
From 1 January 1972 onwards all prevalent and incident diabetes patients in
Laxå were entered in a diabetes register at Laxå PHCC. This procedure was
done stepwise by scrutinising more than 9000 records at the archives of
PHCC and from 1 January 1993 and onwards through computerised records.
In addition, to identify possible missing cases, patient record files at nearby
PHCCs, private practitioners and hospitals (including Departments of Ophthalmology) were checked. Complementary letters were sent out and phone
calls were made to hospitals, other PHCC, and GPs in the surrounding area.
Phone calls were also made directly to patients or their relatives. Finally,
completing the search for possible missing cases prescriptions for insulin,
metformin, sulfonylureas, syringes and urine/blood glucose test material
filed at the local pharmacy were scrutinised for 6 months in 1987 and for 9
months in 1991. However, no additional, previously unknown patients with
diabetes were found using these procedures. To identify patients that have
moved away from Laxå from 1972 onwards 4000 records for non-residents
were also scrutinized. From the local population register the date when patients moved away from Laxå was obtained.
Patients with diabetes who died during the study period were identified in
two ways. Firstly, from medical records in the local archives at Laxå PHCC
approximately 75% of all deceased inhabitants since 1972 could be scrutinized. Secondly, from Statistics Sweden and the National Cause of Death
Registry all death certificates from deceased Laxå residents covering the
whole study period were obtained. These certificates were checked for data
on diabetes both as an underlying and contributory causes of death. This
process made it possible to check if any deceased individual had a diabetes
diagnosis in the death certificate but was not registered in the local diabetes
registry at the PHCC.
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Registration of prevalence, incidence complications, and deaths
(Papers I-IV)
Data on the number of Laxå residents, classified by sex and 5-year age
groups on 31 December for each of the study years, and the corresponding
data for the national Swedish population in 1987 were obtained from Statistics Sweden. Data on migration in and out of the area were obtained from the
population register. Information on all hospital admissions until 2004 was
obtained from the National Hospital Discharge Register, covering all hospital admissions in Sweden. The information used in this study was date of
admission and discharge and main diagnosis. Information on date and place
of death, underlying cause of death and contributing causes of death was
obtained from the National Cause of Death Register until 2004.
By combining the register information, data on fatal and non-fatal CVD,
MI and stroke were obtained. In both registers, diagnoses were coded according to the International Classification of Diseases (ICD), versions 8–10.
The ICD codes used for CVD were from ICD-8 (until 1986), and ICD-9
(1987–1996) codes 390–459, and from ICD-10 (from 1997 onwards) codes
I00–I99. The corresponding codes for MI were 410–414 and I20–I25, and
for stroke 430–438 and I60–I69. The data in these national registers have
almost 100% coverage.

Registration of individuals without diabetes, control population
(Paper II)
For each new patient with diabetes, five (maximum number available) individuals without diabetes were sampled from the Laxå general population
register obtained from Statistics Sweden. Those individuals without diabetes
were matched to patients with diabetes by sex and age, sampled from the
population register version of the diagnosis year, and required to not have a
diabetes diagnosis at any time from baseline to end of follow-up. Several
diabetes screening rounds during the study period were used to eliminate
misclassification. No clinical data were available for the individuals without
diabetes. Altogether 3,880 individuals, 1,880 women and 2,000 men, were
sampled.

Identification of new diabetes cases and case-finding programme
(Papers I-IV)
In the clinical setting, patients were liberally tested for random capillary
whole blood (RBG) glucose, especially if they had a family history of diabetes, as well as for impaired glucose tolerance or potential diabetes comorbidities such as hypertension, ischaemic heart disease, obesity, or
dyslipidaemia.
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Along with the clinical activities, case-finding procedures were performed
in 5-year cycles as follows: 1983–1987, 1988–1992, 1993–1997, and 1998–
2001 (4 years only due to study end). All individuals aged 35 to 79 years
who visited the PHCC for whatever reason and who agreed to participate
underwent, at least once during a 5-year period, RBG and urine glucose
tests. No invitations were sent out and blood tests were taken irrespective of
time of latest food intake. Subjects with a high risk of developing diabetes
were offered blood glucose tests yearly. High-risk subjects were defined as
those with previously known hypertension, cerebro-cardiovascular disease,
dyslipidaemia, first-degree heredity for diabetes and those who were overweight or taking medications such as corticosteroids or immunosuppressive
drugs. Approximately 85% of the eligible Laxå population was screened.
Diagnostic procedures
Screening tests for blood glucose were considered to be positive at the following values: ≥8.0 mmol/l for 1983-1987 [257], ≥7.5 mmol/l for 1988-1992
and 1993-1997, and ≥6.7 mmol/l for 1998-2001. For those who screened
positive, a diagnostic work-up procedure was performed usually one to four
weeks after the initial visit including fasting blood glucose measurements on
at least two separate occasions. If these were in the range 5.5 to 6.9 (WHO
1980 criteria) or 4.4 to 6.6 mmol/l (WHO 1985 criteria), a 75-g OGTT was
performed at the PHCC and interpreted according to the 1980, 1985 and
1999 WHO criteria [10-12]. For all cases detected, the WHO diabetes diagnosis criteria from 1980, 1985 and 1999 [10-12] were used during the appropriate periods. If IGT or IFG was established during the tests an OGTT was
repeated yearly (Figure 3, updated values to current diagnostic criteria).

Classification of patients with diabetes
Diabetes was classified as type 1 in (1) patients with onset before age 30
years and needing insulin treatment within one year of diagnosis, (2) patients
with disease onset after age 30 years when prompt insulin treatment was
necessary, or (3) patients with slowly developing insulin-dependence, plus
islet antibodies or very low C-peptide secretion on glucagon stimulation.
Type 2 diabetes was diagnosed when patients had (1) disease onset at age
≥30 years with no ketonuria at diagnosis and no prompt need for insulin
treatment, or (2) disease onset <30 but were well controlled using diet or oral
hypoglycaemic agents for several years with no islet antibodies. Date of first
diagnosis was regarded as time of onset.
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Screening test
Positive non-fasting capillary plasma glucose (n-FPG)

n-FPG <7.5 mmol/l
Diabetes unlikely

Symptoms and n-FPG 12.2
mmol/l
Diabetes mellitus

Diagnostic procedure-step 1
Two or more capillary plasma glucose tests (FPG)

Mean of FPG <6.1 mmol/l
Diabetes unlikely

FPG x 2 7.0 mmol/l
Diabetes mellitus

Mean of FPG 6.1-6.9 mmo/l or n-FPG 11.1 mmol/l

Diagnostic procedure-step 2
OGTT

OGTT <8.9 mmol/l
Diabetes unlikely

OGTT 12.2 mmol/l
Diabetes mellitus

OGTT 8.9-12.1 mmol/l
IGT
Figure 3. Work-up schedule after positive screening test.
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Registration of clinical data and pharmacological treatment
Information on fasting capillary blood glucose, systolic and diastolic blood
pressure, BMI (kg/m2), smoking habits (never, former or current smoker),
type of diabetes treatment (diet, oral hypoglycaemic agents, insulin, or combinations) and type of hypertension treatment was obtained by scrutiny of
patient records. Fasting capillary blood glucose, blood pressure, BMI and
drug use were registered from the time of diabetes diagnosis until outcome
or end of follow-up as often as information was present but if more than one
entry was available during a month, only the first was used.
Two additional blood pressure measures were computed, pulse pressure
as the difference between systolic and diastolic pressure, and mean arterial
blood pressure (MABP) as diastolic pressure plus one-third of the pulse
pressure. For each subject, annual means of fasting blood glucose, systolic
blood pressure, diastolic blood pressure, pulse pressure, MABP and BMI
were computed. Only rudimentary data on HbA1c, blood lipids, and drug
use for dyslipidaemia was available and was therefore not used.

Statistical analysis
Paper I
Incident cases were defined as new cases diagnosed in Laxå in a specific
year and still living in Laxå on 31 December of that year. Prevalent cases for
a specific year were defined as cases with diagnosed diabetes living in Laxå
on 31 December of that year. The number of incident and prevalent cases
was age-standardised in 5-year age intervals against the Swedish national
population in 1987. Prevalence was calculated as number of agestandardised prevalent cases per head of population on 31 December of each
of the study years, accounting for migration into and out of Laxå and survival. The incidence rate was calculated as the number of age-standardised new
cases diagnosed in Laxå per head of population on 31 December of the diagnosis year.
A data set including all incident and prevalent cases and all non-cases in
Laxå for each calendar year was created. Trends for prevalence and incidence rates across calendar time were tested in that dataset using logistic
regression with diabetes status (yes/no) as dependent variable and calendar
year (and its square to account for curvilinear relationships) as independent
variable; this was done separately for men and women and adjusted for age.

Paper II
Simple differences between groups were tested with Student’s t test, variance analysis, or the 2 test. Survival analyses were performed with Cox’s
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proportional hazards regression, modelled with the outcome and time as the
dependent variables and age, diabetes status, and year of diagnosis and inclusion to the study as independent variables and stratified for sex. In addition, two interaction terms, diabetes status-year of diagnosis and diabetes
status year of diagnosis-sex, were tested. The former was significant for
some outcomes, which was used for further modelling. The follow-up time
was right truncated at 26, 20, and 10 years for the three partial study periods
owing to small numbers. To allow equal exposure times when mortality rate
per year of diagnosis was analysed, 3-year follow up was used, because
those entering the study in 2001 only had 3 years of follow-up.

Paper III
The data were analysed using the SAS software release 9.3 (SAS Institute,
Cary, NC, USA). The outcome variables in this study were CVD, MI and
stroke events, fatal and non-fatal combined. Outcome analyses were performed with a time dependent proportional hazards regression model (Cox’s
analysis), providing hazard ratios (HR), 95% confidence intervals (CI),
Wald’s chi-square (the test parameter and thereby a measure of independent
variable impact), and p-values. Follow up time was measured as number of
days from diabetes diagnosis until the specific outcome or end of follow up.
The time dependent analysis was performed by the use of annually updated mean values from baseline until the year of outcome, since it may be argued that blood pressure levels, glucose levels, and treatment during previous years may affect outcome during the year under study. Two models were
tested, updating from baseline and onwards until outcome or end of follow
up, or updating those with more than 15 years of follow up only for the latest
15 years. The results from the two models were similar, but the model involving update during the last 15 years proved to be somewhat more effective and was therefore chosen.
Before the final analyses, screening analyses of the effects on the four
outcomes of the potential determinants age, sex, year of diabetes diagnosis
(to adjust for the variable national CVD incidence rate during follow up with
increase until 1980 and from then on a dramatic drop), BMI, smoking habits,
blood pressure level, blood glucose level, number of previous events of the
outcome under study, diabetes treatment with sulfonylurea (SU), metformin,
and insulin, blood pressure treatment with diuretics, beta blockers (BB),
angiotensin converting enzyme (ACE) inhibitors, calcium channel blockers
(CCB), alpha-blockers (AB), and angiotensin receptor blockers (ARB) were
performed. However, alpha-blockers were used only by 12 subjects and were
therefore amalgamated with the CCB group, and ARB was amalgamated
with the ACE group for the same reason. All these variables were significantly associated with at least one outcome and were therefore introduced as
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determinants in a set of multivariate analyses. To facilitate the description of
the analysis model the same set of determinants was used for all outcomes.
A variable measuring number of diabetes medications taken by each subject (range 0-3) and one measuring number of hypertension medications
(range 0-4) were computed and updated like the individual medications.
Moreover, possible synergy between diabetes medications and hypertension
medications were tested with the product between the two variables and
updated like other medications.
Since four measures of blood pressure were at hand, a separate multivariate analysis with these measures was performed for each of the outcomes.
MABP proved to be the blood pressure measure most strongly associated
with all outcomes, and was therefore chosen for further analysis.
Diuretics were during the study period used not only as hypertensive
agents but also in the treatment of congestive heart failure (CHF), a potent
determinant of CVD. Therefore, there was a need to adjust for this potential
use by introducing CHF as a covariate (or rather as a variance reducer).
However, no such variable was available and therefore a proxy for CHF was
constructed based on annual assessments of left ventricular hypertrophy
estimated from the ECG and annually prescribed digitalis treatment. Both
these variables were highly significantly associated with outcome as well as
with use of diuretics. The proxy was updated like the other determinants.
For the regression surfaces in Figure 10, the mean FBG and the MABP
levels were each subdivided into nine strata, 1-14%, 15-24, 25-34, 35-44,
45-54, 55-64, 65-74, 75-84, 85-100%, to arrive at symmetrical distributions
with a defined central position. By means of the proportional hazards regression technique the outcome levels in relation to mean FBG groups 1-14, 4554, and 85-100, modified by the nine MABP groups were computed. Pvalues less than 5% were regarded as statistically significant.

Paper IV
The data were analysed using the SAS software release 9.3 (SAS Institute,
Cary, NC, USA). The outcome variables in this study were death from all
causes, and cumulative CVD, MI and stroke incidence (fatal and non-fatal
combined).
Outcome analyses were performed with a time dependent proportional
hazards regression model (Cox’s analysis), providing hazard ratios (HR),
95% confidence intervals (CI), Wald’s chi-square (the test parameter and
thereby a measure of independent variable impact), and p-values. Follow-up
time was measured as number of days from diabetes diagnosis until the specific outcome or end of follow up
In preliminary analyses those detected by screening appeared to have a
significantly higher risk of suffering an outcome disease than those clinically
detected, because of a higher CVD risk at baseline. This was mainly due to
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the fact that screening detected subjects had more previous disease incidents
and higher BMI at baseline (Table 11). For this reason a propensity score
was computed with logistic regression based on age at baseline, BMI, smoking habits, year of diabetes diagnosis, number of outcome disease incidents
before baseline, and a proxy for signs of congestive heart failure based on
ECG signs of left ventricular hypertrophy and digitalis medication at baseline.
Since a significant proportion of the study population had an outcome
during the first two years, and it may be argued that the way of detection
could not reasonably have affected the results within such a short time, a left
truncation was done of subjects with outcome during the first two years of
follow up, separately for each outcome.
The requirement of proportional hazards was checked with the SAS procedures ‘Lifetest’, and “Phreg”, providing specific group hazard functions,
and found satisfactory. Regarding the time dependent updating it may be
argued that exposure to blood pressure or blood glucose levels as well as
treatment to optimise these variables during previous years may affect outcome not only during these years but also during the year under study. For
this reason two modes of time dependent updating were tested, either from
baseline and onwards or, for those with more than 15 years of follow up,
during the first 15 years and then only the latest 15 years. The results were
very similar. For this reason updating from baseline and onwards was used.
In the final analyses outcome, one at a time, and the time of outcome,
were used as dependent variables, and mode of diabetes detection (screening
or clinically), propensity score, mean arterial blood pressure, mean fasting
blood glucose, mean CHF proxy, and mean SU, metformin, insulin, diuretic,
beta blocker, calcium channel inhibitor, and ACE inhibitor or ARB exposure
as independent variables. The mean variables were time dependently updated by exposure year.
A series of posthoc statistical power analyses were made to see whether
non-significant differences between those detected by screening and those
detected clinically were due to too small effects or to a too small sample
size. Regarding the outcomes mortality, cardiovascular disease, and myocardial infarction the power was 5.5%. The power did not exceed 15% even
with a sample size of 10,000 subjects. Regarding stroke the power was 29%
and 80% power was obtained with a sample size of approximately 3000 subjects. Only two-tailed tests were used. The level of significance was set at p
< 0.05.
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Results

Paper I
Prevalence and incidence rate of diabetes mellitus in a Swedish
community during 30 years of follow up
During the study period 1972-2001, a total of 776 new cases of diabetes with
a male:female ratio of 1.07 was found (Table 3). Of these, 36 cases were
type 1 diabetes mellitus and 740 type 2 diabetes mellitus. The total agestandardised incidence rate for type 1 diabetes mellitus was 0.15 per 1,000
population and for type 2 diabetes mellitus 3.03 per 1,000 population. For all
age classes the incidence rates, for women as well as for men, varied yearly
(Figures 4 and 5), with the total age-standardised incidence rates for women
and men fluctuating between a high of 5.6 and 5.5 cases per 1,000 population, respectively, in the period 1985-1988 (which also represented the first
case-finding period) and a low of 1.7 and 0.9 cases per 1,000 population,
respectively, for the period 1992-1998 (a non-significant change) (Table 3,
Figures 4 and 5). There was no increase in total incidence for all diabetes
over time.
The crude type 1 and type 2 diabetes mellitus prevalence increased over
time for women and for men through the study period.The total crude prevalence increased from 2.3% 1972 to 5.35% in 2001, women from 2.3% to
5.2% and men from 2.3% to 5.5%. Age-standardised prevalence for women
and men increased from 28.3 and 25.9 per 1,000, respectively, in 1972 to 45
and 46.3 per 1,000, respectively, in 1988 (p<0.0001), thereafter being fairly
stable for the rest of the study period to a mean of 43.5 per 1,000 for women,
while men had a mean of 44.9 per 1,000 (Table 4, Figures 6 and 7).The
male:female ratio varied over time. For women aged 0-44 years the prevalence was fairly constant through the study period, whereas for women in the
45-54 and 55-64 year age groups, the prevalence increased until 1988 and
1993, respectively, subsequently decreasing slightly. The prevalence for
women aged 65-74 years increased until 1987 and then fell (Figure 6). For
men aged 0-24 years the prevalence was constantly low throughout the study
period, while for men aged 25-34 years the prevalence increased until 1985
and then remained stable for the rest of the period.
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Table 3. Incidence of diabetes expressed as age standardized number of new cases
per 1,000 residents each year in the community of Laxå.
Crude number of new cases

Year
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
Total

Type 1
WoMen
men
0
0
3
1
0
0
2
1
1
0
0
0
1
0
0
1
0
0
0
0
0
3
0
1
0
0
2
1
1
1
1
0
1
2
1
0
0
2
0
1
1
1
1
0
0
0
0
0
0
0
0
1
0
0
0
2
0
0
2
1
17
19

Type 2
WoMen
men
16
12
8
9
13
17
13
11
12
9
13
22
9
12
12
12
15
17
12
10
8
13
19
19
11
15
21
17
12
16
18
14
12
22
10
7
12
10
11
10
5
9
9
6
10
14
7
9
16
15
14
14
9
4
6
9
13
14
12
14
358
382

Age standardized number of
new cases per 1,000 residents
Type 1
Type 2
WoWoMen
Men
men
men
0.0
0.0
4.4
2.7
0.6
0.2
2.3
2.1
0.0
0.0
3.8
3.8
0.5
0.2
3.9
2.3
0.2
0.0
3.2
1.8
0.0
0.0
3.5
4.8
0.3
0.0
2.5
2.7
0.0
0.2
3.0
2.6
0.0
0.0
3.7
3.8
0.0
0.0
3.0
2.2
0.0
0.7
2.0
2.8
0.0
0.2
4.3
4.2
0.0
0.0
2.7
3.2
0.4
0.2
5.2
3.9
0.3
0.2
3.0
3.5
0.2
0.0
4.6
3.4
0.3
0.5
2.9
5.2
0.3
0.0
2.6
1.5
0.0
0.5
3.0
2.3
0.0
0.3
2.8
2.4
0.3
0.3
1.4
2.4
0.3
0.0
2.4
1.4
0.0
0.0
2.8
3.4
0.0
0.0
1.9
2.3
0.0
0.0
4.2
3.9
0.0
0.4
3.6
3.2
0.0
0.0
2.4
0.8
0.0
0.6
1.9
2.5
0.0
0.0
3.5
3.7
0.7
0.3
3.0
3.6
0.15
0.16
3.11
2.95
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Incidence rate as age-standardised number of
new cases per 1,000 residents per year
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Figure 4. Incidence of diabetes for women expressed as age standardized number of
new cases per 1,000 residents each year in the community of Laxå. 0-24 years blue
line, 25-34 years red line, 35-44 years yellow line, 45-54 years green line, 55-64
years purple line, 65-74 years orange line, 75- years brown line, aall women black
line

Incidence rate as age-standardised number of
new cases per 1,000 residents per year
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Figure 5. Incidence of diabetes for men expressed as age standardized in Laxå. Age
groups are defined as in Figure 4.
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Table 4. Prevalence of diabetes expressed as age standardized number of prevalent
cases per 1,000 residents each year in the community of Laxå.
Crude number of cases

Year
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001

Type 1
WoMen
men
11
19
14
20
14
19
15
20
16
20
15
18
16
18
16
18
14
17
14
16
14
19
14
21
13
20
15
21
14
22
14
23
13
24
15
24
13
25
12
25
13
26
14
26
14
25
13
24
11
23
11
24
9
21
8
24
8
22
10
24

Type 2
WoMen
men
89
92
91
94
100
102
108
107
115
109
122
121
123
126
125
127
136
138
140
132
136
136
143
151
141
155
152
160
155
168
165
169
166
182
165
175
167
164
165
159
161
157
158
157
158
165
153
161
158
164
152
168
152
163
151
159
159
160
159
162

Age standardized number of
prevalent cases per 1,000 residents
Type 1
Type 2
WoWoMen
Men
men
men
2.7
4.2
25.6
21.7
3.0
4.8
26.1
22.0
3.1
4.4
28.5
23.1
3.6
4.5
31.3
23.9
3.7
4.6
32.9
23.9
3.3
4.2
34.7
26.8
3.7
4.2
34.7
28.5
4.0
4.0
34.1
27.5
3.5
3.8
36.4
29.3
3.6
3.7
36.7
28.8
3.7
4.5
35.7
29.5
3.7
4.8
37.1
32.9
3.3
4.8
36.3
33.8
3.9
5.1
38.3
35.3
3.6
5.7
38.4
37.0
3.6
5.7
40.9
37.3
3.4
6.0
41.6
40.3
4.0
6.2
40.4
38.4
3.5
6.9
41.5
36.9
3.3
7.0
41.3
36.6
3.9
7.4
40.5
36.9
4.2
7.7
40.2
36.6
4.0
7.5
41.0
37.9
3.8
7.2
39.5
37.5
3.2
7.1
40.0
39.0
3.3
7.5
39.1
39.8
3.0
7.2
38.9
37.9
2.4
8.1
38.2
36.3
2.4
7.1
40.6
37.7
3.7
7.8
40.7
39.3
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Prevalence as age-standardised number of
prevalent cases per 1,000 residents per year
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Figure 6. Prevalence of diabetes for women expressed as age standardized number
of prevalent cases per 1,000 residents each year in the community of Laxå. 0-24
years blue line, 25-34 years red line, 35-44 years yellow line, 45-54 years green line,
55-64 years purple line, 65-74 years orange line, 75- years brown line, all women
black line

Prevalence as age-standardised number of
prevalent cases per 1,000 residents per year
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Figure 7. Prevalence of diabetes for men age standardized, in Laxå. Age groups are
defined as in Figure 6.

For men in the 35-44 year age group the prevalence increased from 1984 to
1995 and then fell. The prevalence for men aged 45-64 years increased over
time, as it did for men aged 65-74 years. However, in the latter age group
prevalence declined at the end of the period (Figure 7). Among the oldest
women and the oldest men (≥75 years) prevalence decreased over the whole
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study period. For the last 15 years of the study period, the mean age of onset
for men decreased from 64 to 59 years. For women the mean age of onset
was 65 years throughout the study period.

Paper II
Characteristics of the diabetic study population
Mean age at diagnosis for diabetic subjects and fasting blood glucose decreased over the three decades, whereas BMI and the proportion of smokers
and former smokers increased, as did the proportion of subjects using diet
only as diabetes treatment (Table 5).

Trends in all-cause mortality
During the 33-year follow up period, 233 (62.0%) diabetic women and 240
(60.0%) diabetic men and 995 (52.9%) nondiabetic women and 1,082
(54.1%) nondiabetic men died (Table 6). Age- and sex-adjusted hazard ratios
(HRs) for all-cause mortality during 1972 to 2004 in diabetic and nondiabetic subjects were 1.17 (p=0.0021) for the total sample (data not shown), 1.22
(p<0.007) for women, and 1.13 (p=0.095) for men.
Cumulative mortality rates during the whole follow-up period in the three
decades are shown in Figure 8 A-F. Mortality decreased in nondiabetic subjects of both sexes (p<0.0001). For diabetic men there was a similar tendency (p=0.045), whereas no such development could be seen for diabetic women (p=0.72). The mortality trends during the follow-up period in relation to
age and year of diagnosis for diabetic and nondiabetic subjects are shown in
Table 7.
The nondiabetic subjects had a decreased mortality rate over time by almost 30% per 10 years. Diabetic subjects had no significant change over
time, although there was a tendency toward a decrease among men with
diabetes. No significant interactions between time period and diabetes status
for all-cause mortality were found. However, when sex-specific analyses
were performed, a statistically significant interaction was found for diabetic
women (p<0.004) but not for diabetic men (p=0.15).
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77.9
16.4
0.0
5.7

67.9
29.8
2.3
0.0

76.2**
15.2**
0.0
8.6

Decade 3
1992-2001
105
62.1 ± 15.1
7.4 ± 2.2***
31.2 ± 5.6
14.3**
7.6
53.3*

63.2
32.3
3.0
1.5

Decade 1
1972-1981
133
62.6 ± 14.1
9.1 ± 2.6
28.8 ± 3.4
12.0
8.3
51.9

71.4
20.1
0.6
7.8

Men
Decade 2
1982-1991
154
61.2 ± 17.1
9.1 ± 12.4
28.0 ± 4.5
15.6
20.1
50.0

82.3***
8.8***
3.5
5.3

Decade 3
1992-2001
113
58.4 ± 14.6
8.6 ± 3.6
30.6 ± 4.8***
18.6
31.0***
38.0

Data are means ± SD or percentages, FBG = Fasting blood glucose, AHD = Anti-hypertensive drugs, OHA = Oral hypoglycaemic agents,
p for trend *p<0.05, **p<0.01, ***p<0.001

n
Age at diagnosis (years)
FBG (mmol/l)
BMI (kg/m2)
Smokers (%)
Ex-smokers (%)
AHD (%)
Diabetes treatment
during the first year
Diet only (%)
OHA (%)
OHA and insulin (%)
Insulin (%)

Women
Decade 2
1982-1991
140
66.1 ± 13.4
8.3 ± 2.3
29.7 ± 6.0
7.9
5.0
63.6

Decade 1
1972-1981
131
65.0 ± 15.3
9.6 ± 2.8
30.2 ± 6.1
3.8
3.1
51.9

Table 5. Baseline characteristics among diabetic women and men.

Diabetes

Men

No Diabetes
Women
Men
n
%
n
%
523
27.8
587
29.3
274
14.6
385
19.3

Ratio diabetic and
nondiabetic women
HR
95%CI
P
1.41
1.17-1.70
0.0003
1.50
1.17-1.92
0.0015

Ratio diabetic and
nondiabetic men
95%CI
P
1.06-1.52
0.0093
1.08-1.68
0.0072

n
%
HR
CVD
147
36.7
1.27
CHD
103
25.8
1.35
Cerebrovascular
33 8.8
28
7.0
130
6.9
97
4.8
1.39
0.94-2.04
n.s.
1.49
0.98-2.27
n.s.
disease
Other CVD
28 7.5
16
4.0
119
6.3
105
5.2
1.22
0.81-1.84
n.s.
0.78
0.46-1.33
n.s.
Malignant neoplasms
32 8.5
41
10.2
211
11.2
241
12.0 0.76
0.53-1.11
n.s.
0.87
0.63-1.22
n.s.
Respiratory disease
14 3.7
11
2.8
62
3.3
65
3.2
1.21
0.68-2.16
n.s.
0.85
0.45-1.61
n.s.
Endocrine disease
14 3.7
12
3.0
13
0.7
11
0.5
5.53
2.59-11.81 <0.0001 5.89
2.59-13.40 <0.0001
Digestive disease
11 2.9
9
2.2
42
2.2
40
2.0
1.37
0.70-2.67
n.s.
1.14
0.55-2.34
n.s.
Injury
6
1.6
5
1.2
33
1.7
53
2.7
0.91
0.38-2.18
n.s.
0.46
0.19-1.16
n.s
MB disorder
5
1.3
0
23
1.2
13
0.7
1.46
0.55-3.91
n.s.
Infectious disease
3
0.8
3
0.8
13
0.7
14
0.7
1.24
0.35-4.36
n.s.
1.05
0.30-3.64
n.s.
GU disease
3
0.8
7
1.8
18
1.0
23
1.2
0.90
0.26-3.06
n.s.
1.62
0.69-3.79
n.s.
Nervous disease
1
0.3
1
0.3
20
1.1
13
0.7
0.26
0.03-1.90
n.s.
0.38
0.05-2.94
n.s.
All other diseases
3
0.8
4
1.0
37
2.0
22
1.1
0.44
0.13-1.41
n.s.
0.93
0.32-2.70
n.s.
All-causes
233 62.0
240
60.0
995
52.9
1082
54.1 1.22
1.06-1.40
0.0071
1.13
0.98-1.30
n.s.
HR = hazard ratio, CVD = Cardiovascular disease, CHD = Coronary heart disease, MB = Mental and behavioural disorder, GU = Genitourinary disease, n.s =
non-significant.

Women
n
%
141 37.6
80 21.3

Table 6. Mortality during follow up 1972-2004 among diabetic and non-diabetic subjects. Ratios between diabetic and non-diabetic subjects
were adjusted for the influence of age, sex, and calendar year and expressed as hazard ratios.

Figure 8. Cumulative mortality among exposed diabetic and non-diabetic women and men, A: diabetic (n=131) and non-diabetic women
(n=655) 1972-1981, B: diabetic (n=140) and non-diabetic women (n=700) 1982-1991, C: diabetic (n=105) and non-diabetic women (n=525)
1992-2001, D: diabetic (n=133) and non-diabetic men (n=665) 1972-1981, E: diabetic (n=154) and non-diabetic men (n=770) 1982-1991, F:
diabetic (n=113) and non-diabetic men (n=565) 1992-2001.

Trends in CVD and CHD mortality
The age- and sex-adjusted CVD and CHD mortality rates were significantly
higher for diabetic than for nondiabetic subjects, CVD mortality HR 1.33
(p<0.0001) and CHD mortality HR 1.41 (p<0.0001) (data not shown). Both
diabetic women and men had significantly higher risk than nondiabetic subjects of dying from CVD and within this group of disease from CHD but not
from other cardiovascular causes (Table 6).
The associations between age and CVD mortality trends were similar to
the associations between age and all-cause mortality (Table 7). Diabetic and
nondiabetic men had a similar average decrease over calendar time, whereas
diabetic women had no such change (nondiabetic subjects p<0.0001, diabetic
men p=0.014, and diabetic women p=0.69). For CHD mortality, the associations were similar for both age and diagnosis year to those for CVD mortality (nondiabetic subjects p<0.0001, diabetic men p<0.006), and diabetic
women p=0.17). No significant interactions between time period and diabetes status for CVD and CHD mortality were found (p>0.10).
Trends in non-CVD mortality
As expected, the mortality risk was significantly increased for endocrine
disease among diabetic subjects. For all other causes, there were no significant differences (Table 6). A pronounced increase in mortality risk by age
was seen for diabetic and nondiabetic subjects for cerebrovascular disease.
No significant associations of diagnosis year, either among diabetic subjects
or among nondiabetic subjects, were detected.
There was a significantly increased HR for malignant neoplasm mortality
and mortality from all other causes by age for diabetic and nondiabetic subjects of both sexes, but only nondiabetic subjects had a significant decrease
in HR with calendar time (Table 7). There was a significant interaction between time period and diabetes status for malignant neoplasm mortality
(p=0.02) but not for mortality from all other causes (p>0.10).
Trends across time
A more detailed analysis of the time sequence in the course of events was
made on the basis of year of inclusion of diabetic and nondiabetic subjects
and with 3 years of follow-up. The course of events regarding CVD and
CHD mortality is shown in Figures 9 A–D. Generally, the mortality rates fell
gradually by year of inclusion, but faster among non-diabetic than diabetic
subjects.
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Diabetes
Men
95% CI

Mortality from
HR
HR
2
All-causes
Age, 10-year groups
2.07-2.82
125.3
1.93-2.51
2.42
2.20
Diagnosis year, by 10 yrs
1.02
0.84-1.24
0.04
0.83
0.68-1.01
CVD
Age, 10-year groups
2.00-2.99
76.8
1.87-2.63
2.45
2.22
Diagnosis year, by 10 yrs
0.95
0.74-1.22
0.2
0.57-0.94
0.73
CHD
Age, 10-year groups
1.63-2.69
33.5
1.69-2.52
2.09
2.06
Diagnosis year, by 10 yrs
0.79
0.56-1.11
1.9
0.48-0.88
0.65
Cerebrovascular disease
Age, 10-year groups
2.17-5.46
27.7
1.81-4.10
3.44
2.70
Diagnosis year, by 10yrs
1.24
0.73-2.09
0.6
0.98
0.53-1.78
Malignant neoplasms
Age, 10-year groups
1.04-1.97
4.8
1.43-2.60
1.43
1.93
Diagnosis year, by 10 yrs
1.37
0.83-2.24
1.5
1.27
0.80-2.03
Other causes
Age, 10-year groups
2.52-5.11
49.9
1.78-3.19
3.59
2.39
Diagnosis year, by 10 yrs
1.01
0.67-1.53
0.002
0.84
0.54-1.30
HR = hazard ratio, 95% CI = 95 % confidence intervals, 2 = chi-square estimate

Women
95% CI
HR
2.47
0.71
3.08
0.70
2.97
0.59
3.23
0.77
1.61
0.68
2.47
0.77

2
137.1
3.5
84.9
6.0
51.3
7.6
23.3
0
18.5
1.0
34.3
0.6

2.15-2.84
0.63-0.93

1.42-1.83
0.56-0.83

2.61-3.98
0.58-1.01

2.58-3.41
0.49-0.71

2.78-3.41
0.62-0.80

2.31-2.66
0.65-0.78

Women
95% CI

164.7
7.5

52.2
14.6

118.4
3.5

230.1
31.8

455.0
26.9

629.6
48.5

2

2.22
0.81

1.85
0.72

3.16
0.76

2.43
0.63

2.61
0.69

2.31
0.72

HR

No Diabetes

1.96-2.52
0.67-0.97

1.64-2.10
0.59-0.88

2.52-3.97
0.56-1.03

2.19-2.70
0.54-0.73

2.39-2.84
0.61-0.78

2.18-2.46
0.66-0.79

Men
95% CI

154.8
5.3

99.3
10.8

99.0
3.0

273.7
38.0

463.9
37.0

705.7
51.5

2

Table 7. Associations between age and diagnosis year on mortality from all-causes, cardiovascular diseases, and malignant diseases among
diabetic and non-diabetic subjects.

Figure 9. Proportion (%) not dead from cardiovascular disease (CVD) 1972-2001
among diabetic and non-diabetic women (A) and diabetic and non-diabetic men (B),
and not dead from coronary heart disease (CHD) 1972-2001 among diabetic and
non-diabetic women (C) and diabetic and non-diabetic men (D).

Paper III
Characteristics of the study population
Mean age at diagnosis was 66 years for women and 63 for men, average
follow-up time was 128 months, and the total number of person-months of
observation was 95,007, (Table 8). Among women, 10% were current smokers and among men 21%. Average BMI at diagnosis was 28-29.
Mean SBP and DBP for men and women during follow-up were 157-162
and 87-86 mm Hg, resulting in a MABP of 110-111 mm Hg. Diuretics were
the most common hypertensive drug type, prescribed to 60% of the study
population on average during 44% of the follow-up time. BB were prescribed to 34% during 25% of the follow-up time, ACE inhibitors to 15%
during 8% of the follow-up time, CCB to 15% during 10% of the follow-up

65

Table 8. Characteristics of the study population.
Women
n
N

Mean (SD) or
%

Men
Exp
% 1)

359

Age at diagnosis, years
Average follow-up time,
months
Person-months of observation

n

Mean (SD)
or %

Exp
% 1)

381
66.2 (11.8)

63.0 (12.3)

131.2 (82.5)

125.7 (81.0)

47,097

47,910

Baseline smoking habits, %
Never smoked

305

85.0

220

57.7

Ex-smoker

18

5.0

82

21.5

36

10.0

79

20.7

Current smoker
Anthropometric measures
during follow up
Height, centimetres
Weight, kilograms
2

BMI (kg/m )
BP during follow up, mm Hg2)
Mean systolic blood
pressure
Mean diastolic blood
pressure
Mean pulse pressure
Mean arterial blood
pressure
Mean FBG during follow
up, mmol/l3)
Proxy for congestive heart failure

160.2 (6.4)

173.8 (6.4)

74.7 (15.9)

86.0 (15.3)

28.9 (5.4)

28.4 (4.0)

161.7 (19.2)

156.6 (19.3)

85.9 (8.3)

86.5 (8.1)

75.8 (14.9)

70.1 (15.1)

111.1 (10.9)

109.9 (10.9)

8.2 (2.2)

8.4 (2.3)

LV hypertrophy4)

54

15.0

70

18.4

Digitalis treatment

118

32.9

122

32.0

Drug treatment during follow up, %

1)

Sulphonylurea

184

51.3

33.8

213

55.9

35.0

Metformin

91

25.4

10.8

98

25.7

11.4

Insulin

75

20.9

8.6

83

21.8

9.8

Diuretics

237

66.0

49.6

205

53.8

38.5

Beta blockers

112

31.2

22.5

143

37.5

27.1

ACE inhibitors5)

48

13.4

7.3

64

16.8

9.0

CCB6)

46

12.8

7.8

62

16.3

11.4

Alpha blocker

5

1.4

1.1

7

1.8

1.3

ARB7)

7

2.0

1.5

5

1.3

0.5

Exposure time percentage=100*years with medication/years of follow up. 2) BP=Blood
pressure. 3) FBG=fasting blood glucose. 4) LV=left ventricular. 5) ACE= angiotensin converting enzyme. 6) CCB=Calcium channel blocker. 7) ARB=Angiotensin receptor blocker.
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time, AB to 1.6% during 1% of the follow-up time, and ARB to 1.7% during
1% of the follow-up time.
Mean FBG during follow-up was 8.4 mmol/l for men and 8.2 mmol/l for
women. SU was the most common OHA, prescribed to more than 54% during 34% of the follow-up time, metformin to 25% during 11% of the followup time and insulin to 20% during 9% of the follow-up time.

Outcome
Before the diabetes diagnosis, 81 (23%) women and 95 (25%) men had suffered a CVD event, (Table 9). The corresponding numbers for MI were 19
(5%) and 39 (10%) and for stroke 8 (2%) and 11 (3%), respectively. Only
MI events were significantly more common in men than in women
(p=0.0124). After the diabetes diagnosis, 220 (61%) women and 241 (63%)
men suffered a CVD event, 121 (34%) and 155 (41%) an MI, and 84 (23%)
and 79 (21%) a stroke. Marginally more MI events occurred in men than in
women (p=0.0498). Mean follow-up time until event was shorter for MI as
compared with stroke. Looking at first ever event after diabetes diagnosis,
non-fatal events were more common than fatal events. Among women, 116
(32%) had no CVD event ever, and among men 115 (30%).

Effects of exposure variables on outcome
In multivariate Cox’s analyses CVD incidence increased significantly with
male sex, age, BMI (women and total), number of previous CVD events,
MABP (men and total), mean FBG (men and total), and diuretic treatment
(men), and decreased with treatment with SU (total), metformin (men and
total) and all diabetes drugs combined, (Table 10). The MI incidence increased significantly with male sex, age, BMI, number of previous MI
events, MABP (men and total), mean FBG (total), diuretic treatment (men),
BB treatment (women) and all hypertension drugs combined (women and
total) and decreased with metformin treatment and all diabetes drugs combined. The stroke incidence increased significantly with age, previous number of stroke events (men and total), MABP, and mean FBG (men). There
was no evidence of synergy between hypertension and diabetes medications
regarding any of the outcomes.

Visualisation of the analysis model
The effects of MABP and mean FBG on outcome based on the regression
model in (Table 10) and with all other factors kept constant are visualized in
Figure 10. The CVD, MI, and stroke incidence rates increased with followup time, MABP and mean FBG. Patients in the highest 15% of mean
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Table 9. Cardiovascular outcome data before the type 2 diabetes diagnosis and first
event from diagnosis and onwards during follow-up.
Women

Subjects with event before
diabetes diagnosis
Cardiovascular disease
Myocardial infarction
Stroke

Men

n

Mean (SD)
or %

81

22.6

95

24.9

0.45

19

5.3

39

10.2

<0.05

n

Mean (SD) or
%

P*)

8

2.2

11

2.9

0.57

66

18.4

58

15.2

0.25

220

61.3

241

63.3

0.58

Non-fatal

118

32.9

126

33.1

Fatal

44

12.3

45

11.8

39

10.9

51

13.4

19

5.3

19

5.0

Other
Subjects with event after
diabetes diagnosis
Cardiovascular disease
First ever event

Recurrent event
Non-fatal
Fatal
Mean time until event,
months
Myocardial infarction

106.6 (79.3)

100.3 (76.0)

121

33.7

155

40.7

Non-fatal

62

17.3

72

18.9

Fatal

49

13.7

57

15.0

4

1.1

13

3.4

6

1.7

13

3.4

<0.05

First ever event

Recurrent event
Non-fatal
Fatal
Mean time until event,
months
Stroke

120.9 (80.6)

114.2 (80.0)

84

23.4

79

20.7

Non-fatal

65

18.1

62

16.3

Fatal

17

4.7

12

3.2

2

0.6

2

0.5

0

-

3

0.8

First ever event

Recurrent event
Non-fatal

*)

Fatal
Mean time until event,
months
No cardiovascular events ever

116

32.3

115

30.2

No myocardial infarctions ever

229

63.8

213

55.9

No strokes ever

269

74.9

296

77.7

123.4 (81.4)

118.5 (79.4)

refers to difference between women and men in chi-square tests.
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0.38

Women
95% Cl
χ2

P

HR

Men
95% Cl
χ2

P

HR

Total
95% Cl
χ2

P
Cardiovascular disease
Male sex
1.48 1.21-1.82 14.0
0.0002
Age, years
1.06
1.04-1.08
34.8 <0.0001 1.06
1.04-1.07
43.2 <0.0001 1.05 1.04-1.07 76.9 <0.0001
Year of diabetes diagnosis
1.02
1.00-1.05
3.5
0.06
1.01
0.99-1.04
1.4
0.23
1.02 1.00-1.04 6.1
0.0137
Current smoker
1.15
0.88-1.49
1.1
0.30
1.05
0.89-1.24
0.3
0.58
1.09 0.94-1.25 1.3
0.25
BMI
1.04
1.01-1.08
8.0
0.0047
1.04
1.00-1.07
3.7
0.06
1.04 1.01-1.06 10.0
0.0016
Previous no. of CVD
1.12
1.06-1.19
14.1
0.0002
1.16
1.06-1.26
10.9
0.0010
1.13 1.08-1.18 26.6 <0.0001
CHF proxy
2.29
1.62-3.25
21.9 <0.0001 1.79
1.32-2.42
14.1
0.0002
1.91 1.53-2.39 33.0 <0.0001
MABP, mmHg
1.01
1.00-1.03
3.1
0.08
1.03
1.02-1.05
16.0 <0.0001 1.02 1.01-1.03 18.0 <0.0001
MFBG, mmol/l
1.00
0.92-1.08
0.0
1.00
1.08
1.01-1.15
5.0
0.0260
1.05 1.00-1.10 3.9
0.0487
Effects of drug exposure
Sulfonylurea
0.74
0.48-1.14
1.8
0.17
0.71
0.47-1.06
2.8
0.10
0.73 0.55-0.97 4.8
0.0289
Metformin
0.68
0.35-1.36
1.2
0.28
0.50
0.28-0.90
5.3
0.0208
0.58 0.38-0.90 6.0
0.0143
Insulin
0.64
0.38-1.07
2.9
0.09
0.89
0.56-1.41
0.2
0.62
0.77 0.55-1.07 2.4
0.12
All diabetes drugs
0.70
0.52-0.93
6.2
0.0125
0.66
0.51-0.86
9.8
0.0017
0.70 0.58-0.84 14.5
0.0001
combined
1.23 0.95-1.59 2.5
0.12
Diuretics
0.94
0.64-1.40
0.0
0.77
1.54
1.07-2.22
5.4
0.0202
Beta-blockers
1.00
0.69-1.46
0.0
1.00
0.96
0.67-1.38
0.1
0.82
1.01 0.79-1.31 0.0
0.91
ACE/ARB
1.08
0.67-1.72
0.1
0.76
0.90
0.56-1.44
0.2
0.66
1.03 0.74-1.42 0.0
0.87
CCB/AB
1.23
0.73-2.06
0.6
0.44
0.67
0.44-1.02
3.5
0.06
0.84 0.61-1.15 1.2
0.28
All hypertension drugs
1.04
0.85-1.27
0.1
0.74
1.05
0.89-1.25
0.4
0.53
1.06 0.93-1.20 0.8
0.40
combined
HR=hazard ratio, 95% CI=95% confidence interval, MABP=mean arterial blood pressure, MFBG=mean fasting blood glucose, CHF-proxy=congestive heart
failure proxy, ACE/ARB=angiotensin converting enzyme inhibitors/angiotensin II receptor blockers, CCB/AB=calcium channel blockers/alpha-blockers.
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Table 10. Effects of exposure variables on cardiovascular disease, myocardial infarction, and stroke outcomes.

HR

Women
95% Cl
χ2

P

HR

Men
95% Cl
χ2

P

HR

Total
95% Cl
χ2

P
Myocardial infarction
Male sex
1.56 1.20-2.03 10.8
0.0010
Age, years
1.04
1.02-1.07
10.5
0.0012
1.04
1.02-1.06
14.3
0.0002
1.04 1.02-1.05 23.2 <0.0001
Year of diabetes diagnosis
0.98
0.95-1.01
1.4
0.23
1.00
0.98-1.03
0.1
0.78
1.00 0.98-1.02 0.1
0.72
Current smoker
1.18
0.83-1.68
0.8
0.36
1.02
0.83-1.27
0.0
0.84
1.03 0.86-1.24 0.1
0.76
BMI
1.06
1.02-1.10
7.5
0.0062
1.06
1.02-1.11
7.4
0.0067
1.05 1.02-1.08 11.8
0.0006
Previous no. of MI
1.65
1.14-2.39
7.2
0.0074
1.33
1.16-1.51
18.1 <0.0001 1.32 1.18-1.47 24.0 <0.0001
CHF proxy
2.56
1.59-4.11
14.9
0.0001
1.84
1.27-2.67
10.1
0.0012
2.16 1.63-2.87 28.2 <0.0001
MABP, mmHg
1.00
0.98-1.02
0.0
0.99
1.03
1.01-1.05
9.5
0.0020
1.02 1.00-1.03 4.9
0.0271
MFBG, mmol/l
1.01
0.91-1.12
0.0
0.90
1.08
1.00-1.18
3.8
0.05
1.08 1.01-1.15 5.6
0.0183
Effects of drug exposure
Sulfonylurea
0.62
0.35-1.13
2.5
0.12
0.90
0.55-1.49
0.2
0.69
0.73 0.51-1.06 2.7
0.10
Metformin
0.39
0.15-0.99
3.9
0.0480
0.36
0.17-0.80
6.3
0.0118
0.40 0.22-0.72 9.2
0.0024
Insulin
0.65
0.34-1.26
1.6
0.20
0.72
0.41-1.28
1.2
0.27
0.71 0.47-1.07 2.7
0.10
All diabetes drugs com0.52
0.35-0.76
11.4
0.0009
0.63
0.46-0.88
7.6
0.0057
0.61 0.48-0.77 16.3 <0.0001
bined
Diuretics
0.88
0.51-1.54
0.2
0.66
1.89
1.19-3.01
7.3
0.0071
1.31 0.93-1.84 2.4
0.12
Beta-blockers
1.87
1.17-3.00
6.8
0.0090
0.76
0.48-1.19
1.5
0.23
1.17 0.85-1.61 0.9
0.34
ACE/ARB
1.29
0.66-2.50
0.5
0.46
0.87
0.47-1.61
0.2
0.66
0.99 0.63-1.55 0.0
0.97
CCB/AB
1.39
0.71-2.72
0.9
0.34
0.87
0.52-1.45
0.3
0.59
1.00 0.67-1.49 0.0
1.00
All hypertension drugs
1.37
1.04-1.79
5.1
0.0235 1.12
0.92-1.37
1.3
0.26 1.19 1.02-1.40
4.7
0.0302
combined
HR=hazard ratio, 95% CI=95% confidence interval, MABP=mean arterial blood pressure, MFBG=mean fasting blood glucose, CHF-proxy=congestive heart
failure proxy, ACE/ARB=angiotensin converting enzyme inhibitors/angiotensin II receptor blockers, CCB/AB=calcium channel blockers/alpha-blockers.
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HR

Women
95% Cl
χ2

P

HR

Men
95% Cl
χ2

P

HR

Total
95% Cl
χ2

P
Stroke
Male sex
1.30 0.92-1.84 2.3
0.13
Age, years
1.05
1.02-1.08
9.8
0.0017
1.09
1.06-1.12
34.4 <0.0001 1.07 1.05-1.09 37.9 <0.0001
Year of diabetes diagnosis
1.03
0.99-1.07
2.1
0.15
0.99
0.95-1.03
0.3
0.57
1.01 0.99-1.04 0.9
0.35
Current smoker
1.02
0.64-1.62
0.0
0.94
0.93
0.67-1.28
0.2
0.65
0.96 0.73-1.24 0.1
0.73
BMI
1.03
0.98-1.08
1.4
0.24
1.04
0.97-1.11
1.1
0.29
1.03 0.99-1.07 1.7
0.19
Previous no. of stroke
1.50
0.43-5.29
0.4
0.53
2.06
1.27-3.34
8.5
0.0035
1.96 1.25-3.05 8.7
0.0031
CHF proxy
2.52
1.49-4.26
11.8
0.0006
1.06
0.60-1.89
0.0
0.84
1.66 1.14-2.42 6.9
0.0087
MABP, mmHg
1.03
1.00-1.05
4.4
0.0356
1.03
1.01-1.06
5.8
0.0157
1.03 1.01-1.05 9.7
0.0019
MFBG, mmol/l
0.97
0.85-1.12
0.1
0.70
1.13
1.02-1.25
5.0
0.0257
1.06 0.97-1.15 1.7
0.20
Effects of drug exposure
Sulfonylurea
0.94
0.46-1.91
0.0
0.86
0.78
0.39-1.58
0.5
0.49
0.85 0.53-1.37 0.4
0.51
Metformin
0.98
0.34-2.83
0.0
0.97
0.51
0.19-1.37
1.8
0.18
0.71 0.35-1.43 0.9
0.33
Insulin
0.72
0.32-1.64
0.6
0.44
0.99
0.47-2.10
0.0
0.98
0.80 0.47-1.37 0.6
0.43
All diabetes drugs com0.85
0.54-1.35
0.5
0.49
0.71
0.46-1.11
2.3
0.13
0.78 0.58-1.07 2.4
0.12
bined
Diuretics
0.76
0.40-1.43
0.7
0.39
1.07
0.57-2.01
0.0
0.83
0.90 0.58-1.40 0.2
0.65
Beta-blockers
0.81
0.43-1.56
0.4
0.53
0.79
0.41-1.53
0.5
0.79
0.87 0.56-1.36 0.4
0.54
ACE/ARB
0.72
0.31-1.69
0.6
0.45
1.08
0.45-2.62
0.0
0.86
0.88 0.49-1.60 0.2
0.68
CCB/AB
0.91
0.39-2.17
0.0
0.84
1.09
0.54-2.22
0.1
0.80
1.05 0.62-1.78 0.0
0.86
All hypertension drugs
0.84
0.60-1.18
1.0
0.31
1.04
0.78-1.40
0.1
0.79
0.95 0.76-1.18 0.2
0.64
combined
HR=hazard ratio, 95% CI=95% confidence interval, MABP=mean arterial blood pressure, MFBG=mean fasting blood glucose, CHF-proxy=congestive heart
failure proxy, ACE/ARB=angiotensin converting enzyme inhibitors/angiotensin II receptor blockers, CCB/AB=calcium channel blockers/alpha-blockers.
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Figure 10. Cumulative incidence (%) of cardiovascular disease (CVD), A-C; myocardial infarction (MI), D-F; stroke, G-I among women and men with type 2 diabetes during follow-up. A, D, and G represent subjects in the lowest mean fasting
blood glucose stratum, B, E and H the median fasting blood glucose stratum, and C,
F and I the highest fasting blood glucose stratum.

FBG and MABP strata as compared with those in the lowest 15% strata had
a 2.5 fold increased risk of MI and a 1.8 fold higher risk of stroke. No significant interactions between sex, mean FBG, and MABP were found.

Paper IV
Characteristics of the study population at baseline
There were no significant differences between those detected by screening
and those detected clinically regarding age, sex distribution, smoking habits,
FBG level, and stroke events before baseline. Those detected by screening
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had higher BMI, less signs of congestive heart failure, more CVD events
before baseline, more MIs, and lower DBP and MABP. Overall, these differences resulted in a higher propensity score among those detected by screening than among those clinically detected, (0.59 and 0.46, p<0.0001), (Table
11).

Outcome
During the first two years 7% of the individuals in both the screened and
clinically detected groups died and CVD, MI and stroke incidence were
more common among individuals in the screened group, ranging from 4 to
15% as compared to 3 to 10% in the clinically detected group, (Table 12).
Average follow-up time was 119.8 months in the screened group as compared to 137.7 months in the clinically detected group. During follow-up SU
exposure was significantly more common in the clinically detected group
than in the screening detected (38.6% vs. 32.7%, p<0.05) while ACEinhibitor and ARB exposure was significantly more common in the screening detected group (12.5% vs. 8.1%, p<0.05) (Table 12). For all other drug
exposures there were no significant differences. A significantly larger proportion of clinically detected subjects died (68.8% vs. 58.5%, p<0.005) or
had a stroke (25.7% vs. 18.8%, p<0.05) during follow-up than among
screening detected subjects.

Effects of exposure variables on outcome
The effects of mode of detection on outcome are shown in Table 13. Screening detection tended to have a negative effect on mortality among women
and a positive among men. For the two sexes combined the HR was close to
unity. For CVD outcome HR among women, men, and the two sexes combined was also close to unity. Similar HRs were found for MI. However, for
stroke there was a fairly strong but inconclusive trend towards a positive
effect among women (HR 0.83, CI 0.48-1.44; p=0.51), men (HR 0.70, CI
0.41-1.19; p=0.18) and both sexes combined (HR 0.76, CI 0.52-1.11;
p=0.15).
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Table 11. Baseline characteristics of the study population.
Detected by screening
Mean (SD)
n
or %
393

N
Age, years
Women, %

190

48.4

Mean (SD)
or %

p

64.4 (12.8)

n.s.

347
169

28.8 (5.1)

Mean year of diagnosis

n

n

64.7 (11.7)

Body mass index
Current smokers, %
Possible congestive heart
failure1)
Disease incidents before
baseline
Cardiovascular disease

Detected clinically

1989

48.7

n.s.

28.0 (4.4)

<0.05

1983

<0.0001

67

17.1

48

13.8

n.s.

94

23.9

117

33.7

<0.005

27.5

68

108

19.6

<0.005

1.44 (0.9)

<0.005

5.8

<0.0005

1.2 (0.4)

<0.005

2.0

n.s.

1.6 (1.0)

1.3 (0.5)

n.s.

Systolic

159.0 (21.4)

161.6 (21.7)

n.s.

Diastolic

87.8 (9.6)

90.1 (9.7)

<0.005

Mean no. of incidents

2.6 (3.3)

Myocardial infarction
n

38

Mean no. of incidents

9.7

20

2.2 (1.7)

Stroke
n
Mean no. of incidents

12

3.1

7

Blood pressure, mm Hg

Mean arterial
111.6 (12.3)
114.0 (12.4)
<0.01
Fasting blood glucose,
8.4 (2.8)
8.6 (2.6)
n.s.
mmol/l
Propensity score2)
0.59
0.46
<0.0001
1)
Based on presence of left ventricular hypertrophy on ECG or digitalis medication.
2)
Based on age, body mass index, current smoking, mean year of diagnosis, possible congestive heart failure, and number of pre-baseline cardiovascular events.
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Table 12. Truncations, treatment during follow up expressed as proportion of subjects treated and proportion of treatment time in relation to exposure time, and incidence of outcomes.
Detected by screening
Mean (SD)
n
or %

Detected clinically
n

Mean (SD)
or %

p

Truncations of subjects with
outcome during first 2 years,
All-cause mortality
28
7.1
24
6.9
Cardiovascular disease, %
58
14.8
34
9.8
Myocardial infarction, %
28
7.1
19
5.5
Stroke, %
14
3.6
10
2.9
Average follow-up time,
119.8 (88.4)
137.7 (73.5)
0.003
months
Treatment during follow up
Sulphonylurea, %
used by, %
206
52.4
217
62.5
<0.01
mean treatment time, %
32.7
38.6
<0.05
Metformin, %
.
used by, %
106
27.0
98
28.2
n.s.
mean treatment time, %
12.3
10.5
n.s.
Insulin, %
.
used by, %
107
27.2
88
25.4
n.s.
mean treatment time, %
12.5
10.5
n.s.
Diuretics, %
used by, %
235
59.8
220
63.4
n.s.
mean treatment time, %
44.6
44.0
n.s.
Beta-blockers, %
used by, %
148
37.7
117
33.7
n.s.
mean treatment time, %
27.3
22.2
n.s.
ACE-I or ARB, %
used by, %
85
21.6
56
16.1
n.s.
mean treatment time, %
12.5
8.1
<0.05
CCB, %
used by, %
69
17.6
55
15.9
n.s.
mean treatment time, %
12.1
8.4
n.s.
Outcome during follow up
All-cause mortality
230
58.5
239
68.8
<0.005
Cardiovascular disease, %
233
59.3
228
65.7
n.s.
Myocardial infarction, %
134
34.1
142
40.9
n.s.
Stroke, %
74
18.8
89
25.7
<0.05
ACE-I=Angiotensin Converting Enzyme Inhibitor, ARB=Angiotensin II-Receptor Blocker,
CCB=Calcium Channel Blockers. Mean treatment time=100 x years with medication/years of
follow-up
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0.52

P

0.83

HR

0.61-1.14

95% Cl

1.3

χ

2

0.25

P

HR

1.04

1.08

4.14

Propensity score

MABP, mmHg

MFBG, mmol/l

CHF proxy

0.18-0.85

0.36-0.86
5.7

6.9

0.0

9.6

6.4

0.0

43.8

4.3

18.1

25.2

0.02

0.0084

0.84

0.0020

0.0114

0.97

<0.0001

0.0390

<0.0001

<0.0001

0.21

0.65

1.83

0.32

0.46

1.16

5.08

1.01

1.03

25.74

0.09-0.49

0.44-0.95

1.18-2.84

0.15-0.71

0.19-1.12

0.74-1.83

3.32-7.78

0.90-1.26

1.01-1.05

7.92-83.67

13.1

4.9

7.3

7.9

2.9

0.4

56.2

0.4

10.6

29.2

0.0003

0.0262

0.0067

0.0049

0.09

0.52

<.0001

0.84

0.0011

<.0001

0.81-1.25

0.31

0.18-0.54

0.45-0.78

0.98-1.84

1.34
0.59

0.16-0.53

0.21-0.70

0.77-1.46

3.34-6.05

1.00-1.12

1.02-1.05

9.78-53.17

0.29

0.38

1.06

4.50

1.06

1.04

22.80

1.05-1.58

95% Cl

Total

16.6

13.4

3.4

16.6

9.6

0.1

98.1

4.0

28.3

52.4

0.0

6.1

χ2

<.0001

0.0003

0.06

<.0001

0.0019

0.71

0.0449
<0.000
1

<.0001

<.0001

0.97

0.0139

P

CCB
0.87
0.46-1.66
0.2
0.68
0.46
0.27-0.79
8.0
0.0047 0.65
0.43-0.97
4.4
0.0365
HR=hazard ratio, 95% CI=95% confidence interval, Propensity score= based on age, body mass index, current smoking, mean year of diagnosis, possible
congestive heart failure, and number of pre-baseline cardiovascular disease, myocardial infarction, or stroke incidents. MABP=mean arterial blood pressure,
MFBG=mean fasting blood glucose, CHF-proxy=congestive heart failure proxy, based on presence of left ventricular hypertrophy on ECG or digitalis medication, ACE-I =Angiotensin Converting Enzyme Inhibitor, ARB=Angiotensin II-Receptor Blocker, CCB= Calcium Channel Blocker.

0.40

ACE-I/ARB

0.67-1.63

1.05

0.55

Diuretics

0.24

Insulin

Beta-blockers

0.10-0.59

0.32

Metformin

0.13-0.77

1.01

0.64-1.59

2.72-6.30

1.00-1.16

1.02-1.06

7.32-94.02

Sulfonylurea

Effects of drug exposure

1.11

26.24

Screened
1.01

0.4

χ

Men

1.29

0.81-1.52

95% Cl

2

Male sex

All-cause mortality

HR

Women

Table 13. Effects of exposure variables on cardiovascular mortality, cardiovascular disease, myocardial infarction and stroke outcomes.

0.0

χ

0.93

P

0.96

HR

0.70-1.32

95% Cl

Men

0.1

χ

2

0.80

P

HR

1.04

1.03

2.91

Propensity score

MABP, mmHg

MFBG, mmol/l

CHF proxy

0.74

0.60

1.64

0.67

0.68

Metformin

Insulin

Diuretics

Beta-blockers

ACE-I/ARB

0.35-1.32

0.43-1.04

1.02-2.63

0.26-1.36

0.31-1.77

0.48-1.33

1.84-4.60

0.95-1.12

1.01-1.06

7.20-161.3

1.3

3.2

4.1

1.5

0.5

0.8

21.0

0.5

9.9

19.8

0.26

0.07

0.0426

0.22

0.50

0.40

<.0001

0.47

0.0017

<.0001

0.97

0.74

2.40

0.70

0.33

1.26

2.88

1.02

1.04

3.90

0.53-1.76

0.49-1.10

1.51-3.82

0.32-1.54

0.13-0.81

0.78-2.04

1.85-4.48

0.93-1.12

1.01-1.06

3.69-52.39

0.0

2.2

13.8

0.8

5.9

0.9

22.1

0.2

11.0

15.1

0.92

0.14

0.0002

0.38

0.0155

0.35

<.0001

0.65

0.0009

0.85

0.72

1.92

0.73

0.48

0.99

2.80

1.03

1.04

0.0001 19.37

0.55-1.31

0.53-0.96

1.38-2.67

0.42-1.27

0.26-0.89

0.70-1.39

2.04-3.83

0.97-1.10

1.02-1.05

7.21-52.02

0.80-1.26

1.21-1.87

95% Cl

Total

0.5

5.1

15.1

1.3

5.4

0.0

41.4

0.8

22.8

34.6

0.0

13.3

χ2

0.46

0.02

<.0001

0.26

0.02

0.95

<.0001

0.36

<.0001

<.0001

0.99

0.0003

P

CCB
1.38
0.71-2.68
0.9
0.34
0.55
0.32-0.93
4.9
0.0267 0.77
0.52-1.16
1.6
0.21
HR=hazard ratio, 95% CI=95% confidence interval, Propensity score= based on age, body mass index, current smoking, mean year of diagnosis, possible
congestive heart failure, and number of pre-baseline cardiovascular disease, myocardial infarction, or stroke incidents. MABP=mean arterial blood pressure,
MFBG=mean fasting blood glucose, CHF-proxy=congestive heart failure proxy, based on presence of left ventricular hypertrophy on ECG or digitalis medication, ACE-I =Angiotensin Converting Enzyme Inhibitor, ARB=Angiotensin II-Receptor Blocker, CCB= Calcium Channel Blocker.

0.80

Sulfonylurea

Effects of drug exposure

0.99

34.10

Screened
1.00

0.70-1.38

95% Cl

2

1.50

HR

Women

Male sex

Cardiovascular disease
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0.51

1.22

1.79

1.02

0.81

Metformin

Insulin

Diuretics

Beta-blockers

ACE-I/ARB

0.31-2.07

0.59-1.77

0.94-3.41

0.43-3.43

0.16-1.60

0.4-1.68

0.2

0.0

3.2

0.1

1.3

0.2

9.9

0.65

0.94

0.07

0.71

0.25

0.63

0.0017

0.84

0.73

2.47

0.85

0.27

1.90

3.17

1.03

0.39-1.82

0.46-1.18

1.41-4.33

0.34-2.12

0.09-0.84

1.04-3.45

1.87-5.38

0.91-1.16

1.01-1.06

3.25-83.76

0.2

1.6

10.1

0.1

5.2

4.4

18.4

0.2

8.9

11.4

0.66

0.20

0.0015

0.72

0.0232

0.0360

<.0001

0.69

0.0028

0.0007

0.86

0.84

2.02

1.05

0.37

1.32

2.91

1.03

1.03

10.03

0.48-1.53

0.59-1.19

1.33-3.07

0.54-2.02

0.17-0.81

0.85-2.05

1.96-4.30

0.95-1.12

1.01-1.05

2.87-35.04

0.76-1.38

1.19-2.07

95% Cl

Total

0.2

1.0

10.8

0.0

6.2

1.6

28.5

0.6

12.1

13.0

0.0

10.4

χ2

0.60

0.32

0.0010

0.89

0.01

0.21

<.0001

0.42

0.0005

0.0003

0.87

0.0013

P

CCB
1.41
0.61-3.24
0.7
0.42
0.87
0.48-1.60
0.2
0.66
1.04
0.65-1.68
0.0
0.87
HR=hazard ratio, 95% CI=95% confidence interval, Propensity score= based on age, body mass index, current smoking, mean year of diagnosis, possible
congestive heart failure, and number of pre-baseline cardiovascular disease, myocardial infarction, or stroke incidents. MABP=mean arterial blood pressure,
MFBG=mean fasting blood glucose, CHF-proxy=congestive heart failure proxy, based on presence of left ventricular hypertrophy on ECG or digitalis medication, ACE-I =Angiotensin Converting Enzyme Inhibitor, ARB=Angiotensin II-Receptor Blocker, CCB= Calcium Channel Blocker.

0.85

Sulfonylurea

1.44-4.78

0.72

1.04

16.50

2.62

Effects of drug exposure

0.1

0.11

0.14

CHF proxy

0.91-1.15

2.6

2.2

1.02

1.00-1.05

0.60-38.98

MFBG, mmol/l

HR

1.02

0.65

P

MABP, mmHg

0.2

χ

1.03

0.73-1.64

95% Cl

4.83

1.10

HR

0.94

0.78

P

2

Propensity score

0.1

χ

Men

Screened

0.59-1.48

95% Cl

2

1.03

HR

Women

Male sex

Myocardial infarction
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0.81-1.13

2.04-8.53

0.96

4.17

0.98

0.51

0.49

1.26

Diuretics

Beta-blockers

ACE-I/ARB

CCB

0.44-6.76

0.46-3.48

0.16-1.52

0.24-1.09

0.46-2.12

0.10-1.87

0.2

1.5

3.0

0.0

1.3

0.6

0.0

15.3

0.3

5.4

8.3

0.4

χ

2

0.66

0.22

0.08

0.97

0.26

0.44

0.76

<.0001

0.59

0.0203

0.0040

0.51

P

0.69

0.73

0.51

1.90

0.67

0.69

1.51

1.63

0.96

1.05

10.71

0.70

HR

0.29-1.66

0.25-2.15

0.25-1.03

0.88-4.10

0.19-2.42

0.16-2.91

0.68-3.34

0.77-3.47

0.82-1.14

1.01-1.08

1.26-90.75

0.41-1.19

95% Cl

Men

0.7

0.3

3.6

2.7

0.4

0.3

1.0

1.6

0.2

6.5

4.7

1.8

χ

2

0.41

0.57

0.06

0.10

0.54

0.61

0.31

0.21

0.66

0.0106

0.0297

0.18

P

0.88

0.60

0.52

1.35

0.62

0.99

1.12

2.664

0.96

1.04

20.07

0.76

1.25

HR

0.46-1.69

0.28-1.28

0.31-0.86

0.78-2.31

0.24-1.61

0.37-2.64

0.63-1.98

1.59-4.46

0.86-1.08

1.02-1.07

4.04-99.74

0.52-1.11

0.88-1.78

95% Cl

Total

0.1

1.7

6.5

1.2

1.0

0.0

0.1

13.9

0.5

11.6

13.4

2.0

1.6

χ2

0.71

0.19

0.0106

0.28

0.33

0.99

0.70

0.0002

0.48

0.0007

0.0002

0.15

0.21

P

HR=hazard ratio, 95% CI=95% confidence interval, Propensity score= based on age, body mass index, current smoking, mean year of diagnosis, possible
congestive heart failure, and number of pre-baseline cardiovascular disease, myocardial infarction, or stroke incidents. MABP=mean arterial blood pressure,
MFBG=mean fasting blood glucose, CHF-proxy=congestive heart failure proxy, based on presence of left ventricular hypertrophy on ECG or digitalis medication, ACE-I =Angiotensin Converting Enzyme Inhibitor, ARB=Angiotensin II-Receptor Blocker, CCB= Calcium Channel Blocker.

1.71

0.44

Insulin

0.88

0.37-2.08

3.17431.88
1.01-1.08

36.99

1.04

0.48-1.44

95% Cl

Women

0.83

HR

Metformin

Effects of drug exposure
Sulfonylurea

CHF proxy

MFBG, mmol/l

MABP, mmHg

Propensity score

Screened

Male sex

Stroke
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Visualization of the analysis model on outcome
The effects of way of detection on outcome during follow-up among women
and men are visualized in Figure 11. Men had a higher mortality rate than
women. Screening detected women had a non-significant 11% higher rate
than clinically detected women, while screening detected men had a nonsignificant 17% lower rate than clinically detected men. Men had higher
CVD rate than women, but there were small differences between those detected by screening and those clinically detected. Men had higher MI rate
than women. Screening detected women had a non-significant 6% lower rate
of MI than clinically detected women while screening detected men had a
non-significant 10% increased rate of MI compared with clinically detected
men. Men had a non-significantly higher stroke rate than women. Screening
detected women and men had a non-significant 17% and 30% respectively,
decreased risk for stroke than their clinically detected counterparts.

Figure 11 A-D. Cumulative outcomes with a 2-year left truncation during follow-up
among screening and clinically detected type 2 diabetes women and men. A: Allcause mortality, B: Cardiovascular disease, C: Myocardial infarction, D: Stroke.
Screening detected women=orange line, men=light blue line. Clinically detected
women=red line, men=dark blue line
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Discussion

General discussion
This study covers a period of 33 years, 1972-2004. During this period primary health care in Sweden became more organized with a growing number of
PHCC`s around the country and an increasing number of GPs working in
those centres. As a result of this many patients were transferred from hospital out-patient care to the PHC level. The patients themselves also tended to
visit PHCCs to a greater extent than before with a growing trust in PHC.
When family medicine became a university based speciality in the 1980s
patient care was more formalized and better organized. This development
created scopes for epidemiology research, as the majority of patients especially those with chronic diseases were taken care of in the primary health
care system.

Methodological considerations
Ascertainment of true new and old patients with diabetes, their vital status
and residence depends on a number of requisites.
 A stable organization at the PHC level with a low turnover of employees
is fundamental. Such was the situation among staff in Laxå from 1972
and onwards. Only a few GPs and two nurses, specialized in diabetes
care were responsible for the care of diabetes patients during the study
years. The late Eva Lundblad was the first diabetes nurse, working between the mid-1970s until the end of the 1990s. She was in fact one of
the earliest nurses specialised in diabetes care working at a PHC level in
Sweden. After her came Mariann Larsson, also registered nurse (RN)
with further education in diabetes care. In addition, other trained nurses
have also been working at the PHCC for many years and some are still
on active service. The residents of Laxå have had a limited access to
other medical services than provided by the PHCC.
The process of structuring the care of patients with diabetes started in the
mid-1970s by scrutinizing medical records and led to the establishment
of a local diabetes register with data from 1972. A continuous scrutiny of
the register assured that only patients who met the diagnostic WHOcriteria [12] were included in the register. One key factor of the accuracy
of the register, besides the GPs and nurses care, was the secretary work,
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which was managed primarily by Birgit Preiml throughout the whole
study period. These factors favoured the ascertainment of follow-up of
patients with diabetes and provided basis for epidemiological research.
To ascertain the completeness of the diabetes register and search for possible missing cases other sources were attended to like nearby PHCCs,
local GPs, hospitals, local pharmacies, and death certificates. Along with
this case-finding procedures were performed in 5-year cycles from 1983
onwards in all individuals aged 35 to 79 years, covering approximately
85% of the inhabitants in Laxå in the actual age-groups. In the beginning
of the case-finding programme, many new cases detected outside the
programme were reported to the register, mainly from hospitals and other practices. Virtually all new cases of diabetes were thus identified and
registered.
The vital status of the diabetic patients in Laxå was ascertained from
Statistics Sweden. This was supplemented by information from four local parish registers that provided information on deaths, residence in the
municipality of Laxå and migration in or out of the community. For
three subjects vital status could not be traced. Two patients had emigrated and a third was a vagabond with no permanent address and could not
be traced. These patients were all excluded from the mortality analyses.

Ascertainment of classification of patients with diabetes
In the majority of new patients with diabetes the classification of diabetes as
type 1 or type 2 was not a problem. A few individuals had a course of their
disease that balanced between type 1 and 2 and a pragmatic treatment was
started at diagnosis. Within one to two years the classification could be decided upon. This approach shows that it is possible to make safe decisions
regarding diagnosis and the care of patients with diabetes when there is good
continuity of care and follow-up of the patients at the same PHCC. On the
other hand a few patients had an acute onset of their disease and pancreatitis
was suspected. While waiting for a definitive diagnosis those patients were
at first considered to have type 2 diabetes and were treated accordingly.
Within a short time, however, it became obvious that diet or tablet treatment
failed and insulin was required and their classification was changed to type 1
diabetes.

The population at risk and ageing population
In this study all incidence rates were calculated per sex and in 5-year-agegroups using all inhabitants in Laxå as the population at risk. However, we
calculated incidence rates without adjusting for the prevalent diabetes cohort
in the denominator. This yielded a slight underestimation of the incidence
rates. Compared with the national population the Laxå population was
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younger in the 1970s but became older during the 1990s. To account for this,
age-standardization was performed against the Swedish population.

Registration of clinical data
Clinical data were continuously registered in the medical records and included in the local diabetes register. Registered data were fasting capillary blood
glucose, systolic and diastolic blood pressure, BMI, creatinine, proteinuria,
frequency of GP and nurse visits, smoking habits (never, former or current
smoker), type of diabetes treatment (diet, oral hypoglycaemic agents, insulin), type of hypertension treatment, other concomitant medications and concurrent diseases. When PHCC data were lacking other sources had to be
scrutinized, mainly patient records from hospitals. HbA1c was first introduced in the mid-1980s and different methodologies were used in the nearby
hospital laboratories. The test became more routinely used in the care of
diabetes patients around mid-1990s and thus it was decided not to include it
in the analyses. In the 1970s and 1980s dyslipidaemia was not an accepted
CVD risk factor and drug treatment was questioned, therefore only sparse
data were available during that period. The blood tests for lipids became
more routinely used in the mid-1990s.

Reliability and validity of laboratory tests at the PHCC
Near patient testing is one of the key procedures in diagnosing and treating
patients in primary health care. Consequently, the laboratory test must be of
high quality and reliability. During the study years different methods were
used to measure blood tests i.e. fasting capillary blood glucose. Throughout
all study years control sera were tested under clinical conditions and laboratory engineers at the reference hospital in Örebro checked all the instruments
used. In doing so, there is no reason to believe that systematic errors occurred but the precision may have fluctuated over time. All other blood samples were sent to the nearest hospital laboratory unit, mostly Karlskoga hospital. The quality process was further enhanced in 1980 when the casefinding programme was scheduled. In the mid-1990s the Laxå PHCC was
connected to the EQUALIS (External quality assessment for clinical laboratory investigations, a not-for-profit company owned by the Swedish Association of Local Authorities and Regions (52%), the Swedish Society of Medicine (24%) and the Swedish Institute of Biomedical Laboratory Science
(24%) system for continues control of laboratory tests, a further reinforcement of the quality assessment. This resulted in a local accreditation of the
laboratory at the Laxå PHCC in 2005.
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Discussion by findings
Paper I
The prevalence of diabetes mellitus in the municipality of Laxå is high, but
there seems to have been no rise during recent years. The incidence rate was
relatively stable over the 30-year period, despite some fluctuations, with the
highest rate as expected during the first screening period 1983-1987. A
changing prevalence of diabetes may theoretically be due to changing diagnostic criteria, the efficiency of case-finding, and thus changes in the ratio of
diagnosed to undiagnosed cases, demographic changes, the duration of the
disease determined by the age at onset until death of the patients, and a true
change in incidence rates.
Changing diagnostic criteria
In this study the diagnostic criteria were changed three times according to
the WHO definitions [10-12], which should have led to more cases being
detected. This was certainly the case in 1980 when the long-awaited new
diagnostic criteria established a solid base for the diagnosis of diabetes. The
change in criteria in 1985 was too modest to make any impression on incidence and prevalence rates. More unexpected, however, was the fact that the
lowering in 1999 of the diagnostic criteria for fasting blood glucose from 6.7
to 6.1 mmol/l did not lead to an increase in incidence and prevalence rates.
Most likely this is explained by the liberal use of OGTTs during 15 years of
case-finding among subjects with what is now known as impaired fasting
glucose. In this way individuals with diabetes were already diagnosed on the
basis of their 2-h OGTT glucose values.
Ratio of diagnosed to undiagnosed diabetic subjects
During the study period Laxå residents had limited access to medical services other than those provided by the local PHCC. As a result of this, over
90% of the inhabitants in the 35-79-year age group had permanent contact
with the local PHCC. At this unit, only a few physicians and a diabetes nurse
using uniform diagnostic criteria were involved in the care of diabetic patients. A diabetes register spanning the whole period and complete medical
records for all diabetic patients were available at the PHCC. From 1983,
high-risk individuals were screened for diabetes almost yearly and other
Laxå residents every 5 years. These factors all favoured optimal conditions
for diagnosing patients with diabetes, both before, and even more so during
the opportunistic case-finding periods.
Compared with a situation with regular OGTT screening in the community, the prevalence rates are probably somewhat underestimated particularly
during the period 1973-1982, when few OGTTs were done, due to unclear
diagnostic criteria at that time. For the period 1983-2001 the case-finding
activities were adjusted to the prevailing diagnostic criteria, but were other85

wise uniform over time, with OGTTs performed liberally when fasting glucose levels proved inconclusive. Therefore, it is unlikely that the absence of
repeated OGTT screening activities more than marginally influenced prevalence time trends. However, age at diagnosis of diabetes might have been
somewhat lower if OGTTs had been the primary screening method.
Efficiency of the opportunistic case-finding procedure
The efficiency of the case-finding procedure is closely tied to the ratio of
diagnosed to undiagnosed diabetes cases. When the first case-finding period
began in 1983, this was the start of a more intense search for undiagnosed
cases of type 2 diabetes. It was much more efficient than the irregular testing
done before, leading to prompt increases in both incidence and prevalence
rates. Over time, the glucose value that represented a positive screening test
was lowered in response to new diagnostic WHO criteria, thereby maintaining an equivalent case-finding efficiency.
Demographic changes
During the study period, 118 diabetic patients moved out of and 48 moved
into Laxå, changes that are similar to migration among the nondiabetic population. The mean age of the Laxå population increased from the mid-1980s
onwards due to migration out of younger people to nearby towns, which may
explain the rise in the crude prevalence rate seen during this period. This
development, however, should not influence age-standardised rates.
Age at onset of diabetes
Age at actual onset of diabetes is difficult to determine, in contrast to age at
diagnosis. Together with survival, age at onset or diagnosis determines disease duration. At the end of the study period, a shift towards younger age at
diagnosis among men was observed. An earlier age at diagnosis might be
expected during the study period due to the more intense search for people
with diabetes, but such a finding may have been neutralized by increased
testing of elderly people resulting in more diagnosis, that would have been
unnoticed without the screening activities. Our findings, however, do not
rule out the possibility of a real reduction in age at onset of the disease.
Change of survival
This subject will be more thoroughly dealt with in the discussion of Paper II.
To sum up, it may be sufficient to mention the finding of a tendency towards
improved survival for subjects with diabetes and thus a potential to cause an
increase in prevalence.
Change of incidence
We found no obvious change in the incidence rate of type 2 diabetes during
the study period. The increase in incidence that was seen during the first 15
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years is probably an artefact and can be explained by increasing activities to
find diabetic persons during these years. During the period 1987-2001, when
the case-finding activities were conducted uniformly, there might have been
a possibility to detect a true change in incidence rate. However, no such
change could be seen.
A common opinion among diabetologists is that increasing levels of
overweight and a more sedentary lifestyle in a population should result in
more persons getting type 2 diabetes. The prevalence of diagnosed diabetes
is usually relatively constant within each BMI stratum but increasing incidence and prevalence of diabetes with increasing obesity, especially at BMI
≥ 35 is observed [258]. We have no reason to believe that the Laxå residents
are resistant to obesity or to a physically inactive daily life. Therefore, an
increase in incidence rate would have been expected, although none was
seen. Perhaps our study period, although long, was too short to unveil any
changes.
Another reason for the absence of a rise in incidence could be that our European population is not as vulnerable to diabetes as some other populations.
If this holds true, more years of exposure to obesity and a sedentary life
might be necessary before diabetes develops. It is also possible that the population consists of two groups, one more vulnerable, and the other relatively
resistant to contracting diabetes. Adverse lifestyle factors might then afflict
the vulnerable group by lowering the age at onset, but still leave the other
group unaffected, at least for a longer time. In such a scenario, the incidence
rate would be expected to be fairly stable. The lesson learned is perhaps that
each population deserves to be studied on its own merits.
Generally, there is a lack of reports about changes in the incidence of type
2 diabetes, as was discussed in an article some years ago [259]. The authors
pointed out that the challenge is to define the true incidence of type 2 diabetes. This requires a setting where you systematically screen a population
with a “gold standard” test, i.e. OGTT, to exclude prevalent cases and then
periodically retest by the same method to ascertain undiagnosed incident
cases as well as new clinical cases occurring in the interim. A similar strategy could be what was done in Laxå, namely, recurrent blood glucose testing,
but bearing in mind that with this strategy it would be hard to find either
prevalent or incident cases that were only detectable by post-glucose-load
hyperglycaemia. Albeit this, our algorithm in Laxå for opportunistic screening had the advantage of being straightforward, simple and of low cost and
when the test was inconclusive the patients were liberally tested with OGTT.
With our long follow-up the delay in diagnosing patients with type 2 diabetes is likely to have been relatively short.
However, there are reports, if not many, on the incidence of type 2 diabetes. Among European studies a report from Italy showed a stable incidence
of type 1 and type 2 diabetes during 2002-2007 [54]. A database study from
England reported an increase in age-standardized incidence of diabetes (all
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age) between 1994-1998 [74]. Another study from United Kingdom showed
an increase in age-standardized type 2 diabetes incidence (10-79 yrs) from
1996 to 2005 [55]. From Finland a study of younger persons aged 15-39
years showed an age-adjusted incidence increase of type 2 diabetes between
1992-1996 [75]. In Denmark a study between 1995-2006 showed an average
increase of age-specific incidence (all ages) before 2004 and an average
decline after this [56]. There are some studies from Sweden as mentioned
previously, the Skaraborg Diabetes Register showed an annual incidence of
type 2 diabetes during 1991-1995 of 265.6 per 100,000 inhabitants, significantly higher among men but no increase during the study period [62]. Crude
population incidence of type 2 diabetes (≥30 yrs) in Uppsala county was
stable with 3.7 and 3.8 cases/1000 residents in 1997 and 2003, respectively
[63]. From Kronoberg, a study in 1998-2001 reported an age-standardized
(all ages) incidence of type 2 diabetes of 160/100,000 (crude incidence was
287/100,000) [78]. Taken together, at least from the Nordic countries, no
convincing increase in the incidence of type 2 diabetes the last two decades
have been reported.
Prevalence rates
Taking all these factors into account no true rise in prevalence over time was
seen in Laxå but there is little doubt according to the IDF Diabetes Atlas in
2013 that there is a worldwide increase [46]. The estimates from that report
in the adult population (20-79 yrs) expect the global prevalence to increase
from 8.3% in 2013 to 10.1% in 2035. From China a cross-sectional survey in
adults (≥18 yrs) in 2010 showed an age-standardized prevalence of 11.6%,
corresponding to 113.9 million people and furthermore the prevalence of
prediabetes was estimated to be 50.1% [49]. This corresponds to an almost
two point percentage increase in prevalence compared with another Chinese
study from 2008 [48]. Studies from Canada (1995-2005) and USA (19802011) showed an increase in age-adjusted prevalence of adult (≥20 yrs and
≥18 yrs respectively) diabetes with a prevalence of 8.8% in 2005 in Canada
[51] and 8.5% in 2011 in USA [52].
From Europe other reports of increasing prevalence have been published.
An Italian study showed an age-standardized diabetes prevalence (all ages)
of 4.1% in 2007 compared with 3.2% in 2000 [54] and in United Kingdom
diabetes prevalence (ages 10-79 years) was reported to be 4.3% in 2005
compared with 2.8% in 1996 [55]. In the Nordic countries prevalence of
diabetes was reported from Denmark showing an increase in age-specific
prevalence (all ages) from 1.9% in 1995 to 4.2% in 2007 [56]. A Norwegian
study based on surveys in 1984 and 1995 reported the diabetes prevalence
(≥20 yrs) to increase from 2.9% to 3.2%, but only in men [57].
As mentioned previously, studies from Sweden since three decades have
shown a modest or no increase in prevalence. In the northern part no increase during 1986-1999 was found based on four population surveys of 25
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to 64-year-old subjects [59]. In contrast, a Swedish national interview survey
of subjects aged 16-84 years found a prevalence increase from 2.4% among
men and 2.1% among women in 1980-1987 to 3.5% and 2.8% among men
and women respectively in 1996-2003 [60]. From Skaraborg, a region geographically close to Laxå, a register study in 1991-1995 showed a total prevalence of 3.2% with an increase in prevalence of 6% each year [61, 62]. In
Uppsala county a study showed an increase in crude prevalence of type 2
diabetes (≥30 yrs) between 1996 and 2003 from 2.2 to 3.5% [63]. The Swedish National Institute of Public Health showed in a survey a total increase in
prevalence (16-84 yrs) from 5% in 2004 to 6% in 2012, women from 4% to
5% and men from 6% to 7% [66]. Thus, what is seen worldwide with a relative high increase in diabetes prevalence does not seem to exist in Sweden
and northern Europe, where a reported prevalence of 4-5% is common. As
discussed before, multiple factors influence the overall prevalence of diabetes and 70-80% of the observed increase in prevalence is unexplained [260].
Conclusions
Of all the factors contributing to the prevalence of diabetes, and after many
years of studies in the Laxå population, it can be concluded that there has
been a stable incidence rate over a long period of time with a somewhat earlier onset of the disease for men. The prevalence has been constant from
1987 and onwards which is the period that is the most reliable in terms of
estimating true prevalence.
Paper II
The excess mortality risk for diabetic compared with nondiabetic subjects
was low in our study and especially so for men. Nondiabetic but not diabetic
subjects had significantly improved survival during the study period. However, diabetic men had substantially lower CVD mortality, particularly CHD
mortality, during the third decade compared with the previous ones, whereas
diabetic women had a slower rate of improvement. The improved survival
for nondiabetic subjects was mostly due to reduced mortality from CVD and
malignant disease. Diabetic subjects showed no such improvement over the
study period.
Long-time trends in all-cause and CVD mortality among women and men
with and without diabetes were reported from Framingham data comparing
two time periods, 1950 to 1979, and 1976 to 2005. Reductions in all-cause
mortality among individuals with and without diabetes were seen but mortality rates remained about two-fold higher among individuals with diabetes
compared with no diabetes [100]. In both Canada and UK mortality trends in
adults (>20 yrs) with vs. without diabetes, similar for women and men, decreased from 1996 to 2009 and ended up with mortality rate ratios of 1.51
and 1.65 respectively [101]. A study from 2004 to 2010 in United Kingdom
using the General Practice Research Database concluded that the risk of
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mortality had decreased in middle-aged people with type 2 diabetes, although still elevated compared with the nondiabetic population [96].
As previously mentioned, studies from Scandinavia also show declining
trends in mortality in individuals with diabetes as compared to individuals
without diabetes, although differences can be seen regarding sex and cause
of death. In Denmark faster reduction in mortality was reported in diabetic as
compared with non-diabetic subjects from 1995 to 2006 [56]. A Norwegian
study reported reduced mortality for coronary heart disease (CHD) in both
sexes from both diabetic and non-diabetic subjects [102]. In Sweden, two
studies from the Northern Sweden MONICA project reported trends in mortality from MI and stroke in individuals with compared with no diabetes. The
first study concluded that in 1989 to 2000 a favourable trend in MI mortality
was seen among non-diabetic subjects but not in subjects with diabetes
[103]. The second study, covering the period 1985 to 2003, showed a declining mortality in first and recurrent stroke in individuals with and without
diabetes, except for women with diabetes and first-ever stroke [104]. From
the county of Uppsala a study from 1996 to 2003 in type 2 diabetes subjects
reported a declining mortality by 4% per year [63] In a thesis from 2006
Berger reported improved survival for patients with diabetes during 1991 to
2005 in the county of Skaraborg [106]. As in the Laxå study reductions in
all-cause mortality among individuals with and without diabetes were seen
in all these studies but mortality rates remained about two-fold higher among
individuals with compared with no diabetes.
However, an interesting and promising finding in our study was that diabetic men had as good an improvement in survival as nondiabetic men regarding CVD and CHD mortality. This was not true for diabetic women,
although a positive tendency was seen. The reduced CVD and CHD mortality among men but not among women with diabetes was similar to what most
other studies have found [83, 106, 261-264]. On the other hand, other studies
have shown the opposite, a higher mortality rate among men [60, 90, 105,
265], and still others found no sex differences [92, 102, 266]. The lack of
improvement among women in our study may have several explanations
ranging from differences in care provision and/or care adherence, to the diabetes disease itself, which has been claimed to have a greater adverse effect
on CVD risk factors in women than in men [267]. Even CVD risk factors
including novel factors such as markers of insulin resistance, inflammation,
activated coagulation and endothelial dysfunction may have greater adverse
influence in women with diabetes as compared with men with diabetes
[268].
Another study showed that risk factors at diagnosis of diabetes were
greater in women than in men at baseline. During follow-up these CVD risk
factors were stronger contributors to diabetes-related CHD risk in women
than in men [269]. Another study in subjects younger than 60 years showed
that women without diabetes were less likely to develop coronary artery
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disease (CAD) as compared to men without diabetes, however, the presence
of diabetes equalized the risk [270]. As possible explanations it was suggested that the risk for CAD could be unique by gender, that women with diabetes might be less adherent to diabetic drugs, and that men with diabetes received better therapies and more comprehensive care. On the other hand an
Italian study concluded that women with diabetes compared with men, although having a worse CVD risk profile and higher likelihood of not reaching treatment targets did not show differences in how they were treated
[271]. This indicates that other factors than disparities in treatment intensity
between gender are responsible.
Several factors may explain the decrease in mortality among nondiabetic
subjects over the last decades. These include successful primary prevention
of CVD risk factors such as smoking, improved lipid and blood pressure
treatments, and accompanying lifestyle changes in addition to improvements
in life-saving technologies for those developing acute CHD. Secondary prevention of IHD has been improved with for instance aspirin as complementary pharmacotherapy. All the improvements that reduce CVD mortality in
the nondiabetic population may also be seen in the diabetic population, but
they seem to occur later and may not be of the same order of magnitude and
besides diabetic women lag behind diabetic men. Some possible explanations for this unfavourable development might be that diabetic subjects are
smokers and overweight or obese to a larger extent than nondiabetic subjects
and that the care provided is not good enough in order to reach the treatment
goals for blood pressure, lipids, and HbA1c according to guidelines [272]. A
further negative circumstance for diabetic compared with nondiabetic subjects and especially so for diabetic women is their worse prognosis after an
acute myocardial infarction [273].
Good scientific evidence about the effects of treatment of hyperglycaemia, high blood pressure and dyslipidaemia was first published during the
later part of the study period. The UK Prospective Diabetes Study (UKPDS)
[187, 274] was followed by several other reports, one meta-analysis on the
advantages of treating hypercholesterolemia [275] and another focusing on
multifactorial intervention [247]. It takes time before new findings are implemented in clinical practice widely enough to have an impact on survival
of diabetic subjects.
When interpreting the improvements in CVD mortality among diabetic
subjects, one should keep in mind the case-finding strategies that started in
1983. Subjects with diabetes diagnosed in the last compared with the first
decade were younger and had lower fasting blood glucose, indicating a more
favourable prognosis. However, taking the influence of these factors into
account in the analyses did not affect the result. Possible explanations for the
low excess mortality risk seen in our study compared with what others have
found [90, 95, 102, 266] may be accounted for by the excellent continuity in
the diabetes care given, skilled staff at the PHCC, and the organization of
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health care in Sweden as mentioned before. Patient fees for hospital outpatient and general practice appointments are heavily subsidized by central and
local governments, which mean that private financial resources are seldom
an obstacle to health care utilization.
Strengths and limitations of the study
The strengths of this study include the fact that all incident diabetic subjects
in a defined geographical area were identified using uniform diagnostic criteria and could be followed over a long time period by means of their unique
12-digit personal identification number which also provided the tool for record linkage. As opposed to many other studies, all incident diabetic subjects
regardless of age were included. The mortality data were based on the official Cause of Death Register and were 100% complete. The absence of subjects with diabetes in the reference group makes the risk estimates in this
study more reliable as a measure of the true mortality risk ratios. The limitations of the study include the fairly small study area with an ethnically homogeneous Caucasian population. As a result, generalizations to ethnically
different populations should be made cautiously. Furthermore, nondiabetic
subjects sampled to the control group for the period 1972-1982 and who died
before the opportunistic case finding procedures started in 1983 may have
included some subjects with undiagnosed diabetes, causing a dilution of the
mortality comparisons for this period.
In summary, the novel finding in this study was the low excess mortality
risk for diabetic as compared with nondiabetic subjects. Nondiabetic, but not
diabetic subjects had a significant all-cause, CVD, and CHD mortality reduction during the 33-year follow-up whereas diabetic men but not women
had a significant average reduction of CVD and especially CHD mortality
rates.
Paper III
The most important finding in this study was the strong protective effect of
easily available, low-cost diabetes drugs on the negative influences of hyperglycaemia regarding all CVD combined and MI. Most of the effect could
be attributed to metformin and to a lesser extent SU drugs. Regarding stroke
events, no such protective effect of drug treatment was seen.
Safety of hypoglycaemic drugs
Concerning the safety of treatment with oral hypoglycaemic agents, there are
few observational studies on their adverse effects in a general practice setting [276]. Randomized controlled trials are often too small and too short in
duration to detect uncommon but serious adverse effects. This was also the
conclusion of a systematic review which showed that metformin seemed to
have the best profile of benefit to risk, while sulfonylurea also rated well
against other agents, except for the risk of hypoglycaemia [277].
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However, in that review the “A Diabetes Outcome Progression Trial”
(ADOPT) study [278] was not included. This RCT studied time to monotherapy failure for rosiglitazone as compared with metformin or glyburide
(known as glibenclamide in Europe) in 4,360 newly diagnosed type 2 diabetes patients over a median of four years. In this study CVD risk was smaller
with glyburide compared with the two other drugs. But, as mentioned already, the duration of the study was only four years, which could be too
short to draw firm conclusions regarding effects on the CVD safety. Other
studies regarding the safety of SU have not been able to draw firm conclusions [279], have found increased risk for some outcomes [280], or found
SU associated with increased CVD mortality [281]. Large-scale and longterm RCTs are necessary to get conclusive data. Until that, we can only view
this data as hypothesis-generating rather than definitive as was mentioned in
an editorial recently [282]. Maybe the ADVANCE post-trial results in the
summer 2014 will bring more light on this issue. More than 90% of the intensively treated individuals in that trial were on SU (gliclazide).
Treatment of hyperglycaemia
The pharmacological treatment of hyperglycaemia in the study from Laxå
led to reduced number of CVD events but if optimal glucose levels were
achieved are still not known. During recent years there has been an on-going
debate on how intensely hyperglycaemia should be treated. The UKPDS
study in 1998 did not solve this question but several epidemiological studies
have shown a positive association of glycaemic control and CVD risk [165169]. Neither did the results from the ADVANCE, ACCORD, and VATD
studies conclude that intensive glucose therapy was a good choice for patients in trying to decrease the risk of CVD. The ACCORD trial even
showed an increase in total mortality. The price of the intensive therapy in
all three studies was an increased risk of hypoglycaemia in different rates.
Up today these results have been extensively discussed and several reviews
and meta-analysis have been published [173-181]. These meta-analyses differs in many ways, for instance, numbers of included studies, aims of the
analysis, method used, outcomes, search strategy.
The reported results from these studies, all except one [175] have shown
that intensive rather than standard glycaemic control reduces the incidence
of some of the CVD-morbidity outcomes but not mortality. However, all of
the studies reported increased episodes of hypoglycaemia in the intensively
treated group. Recently, a systematic review with meta-analysis and trial
sequential analysis was published [183]. The conclusion from the analysis
was that intensive glycaemic control in type 2 diabetes patients seemed not
to reduce mortality. Weighted risk factors for CVD suggest that glucose is a
weaker risk factor than is blood pressure or cholesterol as discussed in an
editorial recently. The authors questioned if it was a good choice to further
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intensify glucose lowering in type 2 diabetes subjects and they argued for a
reappraisal of the topic [283].
Treatment of hypertension
The effects of the drugs used for treatment of hypertension were not as good
as the effects of the diabetes drugs. In fact, for all hypertension drugs combined there was a significant increased risk of MI (women and total) and this
was an unexpected result. It may be an accurate finding, but there may be
other explanations. First, the attained mean blood pressure of 159/86 mm
Hg, although reasonably well in line with earlier treatment goals, may leave
room for reduction, even though the optimal blood pressure goal is the subject of intense debate [189, 193]. Second, allocating the different types of
drugs used for the treatment of hypertension is a much more difficult task
than doing the same for drugs used for diabetes treatment. Third, although a
CHF proxy was introduced to deal with the issue of diuretics and congestive
heart failure, there may be a residual effect of the use of diuretics on congestive heart failure. Fourth, the present cohort was an incidence cohort of patients with type 2 diabetes but not necessarily of hypertensive subjects, since
hypertension is a common finding when diabetes is diagnosed. Evaluation of
the effects of treatment in a prevalence cohort is problematic.
With today’s knowledge about optimal blood pressure level we can, at
least in general, conclude that the blood pressure level obtained in this study
is too high and implies an unnecessary increased risk for adverse CVD
events. The same trials that studied if intensive glucose lowering could reduce CVD outcomes also had separate trial arms testing if different and
more intensive blood pressure treatment could reduce the risk for CVD. The
UKPDS study in 1998 showed that tight control of blood pressure, mean
144/82 mm Hg, compared with a standard control group, mean 154/87 mm
Hg, over 9 years of follow up significantly reduced stroke, mortality related
to diabetes and microvascular disease, but not MI, among individuals with
type 2 diabetes [187]. The ADVANCE, ACCORD, and VADT studies all
had a design of admitting blood pressure arms along with the glucose arms.
The ADVANCE trial [151] showed significant reduced risk of CVD mortality and all-cause death in the intensive treated group. The ACCORD BP trial
[189] found no significant difference between intensive (119.3 mm Hg) versus control group (133.5 mm Hg) in primary outcome. The VADT study
[190] showed increased risk for CVD with blood pressure of 140/70 mm Hg,
at baseline and On-Study in both groups.
As previously mentioned, two meta-analyses were published exploring
two decades research on optimal blood pressure targets and the effects of
intensive blood pressure reduction on complications in type 2 diabetes patients. In the first meta-analysis [191] the authors concluded that an acceptable treatment goal of systolic blood pressure could be 130 to 135 mm Hg.
The second meta-analysis [193] showed that the use of intensive blood pres94

sure targets was not associated with a significant decrease in the risk for
mortality or MI but was associated with a decrease in the risk for stroke.
Finally, the Cochrane intervention review, as mentioned previously, found at
present time no evidence from RCTs to support lower BP targets (<130/85
mm Hg) than the standard targets (140-160/90-100 mm Hg) in people with
elevated BP and diabetes [194].
Hypertension and hyperglycaemia and CVD risk
Not many studies have examined whether the increased CVD risk in type 2
diabetes patients comes from the effect of hypertension or hyperglycaemia.
In a study from Finland published in 2007, a large cohort of individuals free
from CHD and stroke was followed for more than 21 years. More than 92%
had no diabetes at baseline and approximately 6% were incident diabetes
cases during follow-up. The result from the study indicated that both hypertension and type 2 diabetes were independently associated with increased
risk of incidence of CHD and CHD mortality. In a similar way both in subjects with and without diabetes blood pressure was associated with the risk
of CHD, although the absolute risk was higher in patients with diabetes
[284]. Another study published in 2011 investigated, with 24-h ambulatory
blood pressure monitoring, in a large cohort of subjects, approximately 7%
with diabetes, from 10 countries whether diabetes and high blood pressure
were additive risk factors for CVD or acted synergistically and potentiated
one another [285]. The authors concluded that both diabetes and blood pressure contributed equally to the risk of CVD complications without evidence
for a synergistic effect.
A study using Framingham data evaluated the degree of CVD risk attributable to hypertension in 1,145 newly diagnosed diabetes patients, without a history of CVD events [286]. The key finding from the study was that
the presence of hypertension was the strongest driver of CVD outcomes in
individuals with diabetes. Moreover, the population-attributable risk from
hypertension in subjects with diabetes was 30% for all-cause mortality and
25% for any CVD event. When hypertension and diabetes were regarded as
independent, the population-attributable risk from diabetes was only 7% for
all-cause mortality and 9% for any CVD event. An editorial commentary to
the Framingham study concluded that the main focus of intervention should
be directed to hypertension and cholesterol control to reduce CVD risk and
treatment should be completely independent of the presence of diabetes
[287].
Few studies have investigated whether there is a combined treatment effect of hypertension and hyperglycaemia treatment on CVD risk. The result
from the post hoc analysis of a small subset of patients with type 2 diabetes
in the UK Prospective Diabetes Study (UKPDS), showed benefits of intensive blood pressure and hyperglycaemia treatment as compared with less
intensive treatment on the composite endpoints (macro- and microvascular)
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[288]. The risk of complications was associated independently and additively with hyperglycaemia and hypertension. This was also shown in the ADVANCE trial, where a joint effect of these drug exposures was found, although only for secondary outcomes for death from all causes or from CVD
[289]. From the Swedish NDR an observational study found that tight vs.
less tight control of HbA1c and blood pressure lowered the risk of fatal/nonfatal CVD, CHD, and stroke between 31-38% [290].
In the present study the CVD incidence decreased for every additional diabetes drug used but no combined protective effect of hypertension treatment was seen. However, the characteristics of the patients in the present
study differed from those cited above, since all incident patients with type 2
diabetes regardless of age were included and the follow-up was complete. At
diagnosis, the patients in this study were on average eight years older than
those in the UKPDS. The ADVANCE study included prevalent cases with
average disease duration of eight years and the macrovascular disease rates
prior to the diabetes diagnoses were higher than in the present study, in
which current smoking was similar to that in the ADVANCE study, but lower than in the UKPDS study. The results from the present study are similar to
these two studies but are not confounded by indication and thus provide further evidence that the drugs per se have an independent risk-lowering effect
on the complications, both as single and as combination therapies.
As in most other studies the numbers of CVD events before diabetes diagnosis along with age, MABP, and to a lesser degree mean FBG were the
strongest risk factors for any CVD incidence. More than 23% of the patients
in the present study had already had a CVD event before their diabetes diagnosis, a smaller proportion than shown in other studies of newly diagnosed
patients with type 2 diabetes [291, 292]. As expected, significantly more
men than women had suffered an MI event before diabetes diagnosis, while
after the diagnosis was established there was only a marginal difference, as
found in a southern European study [169]. The male-to-female difference in
risk of MI is often levelled out or reversed in studies of patients with diabetes [119]. One explanation for the difference in event proportion between
this and other studies might be that many subjects in this study were detected
by screening and thus diagnosed earlier in their course than those in other
studies.
The 15% of patients in the highest stratum of mean FBG and MABP as
compared with the 15% in the lowest stratum had a 2.5 fold higher MI rate
and a 1.8 fold higher stroke rate, lower than shown in other studies [288].
The relatively low risk of CVD complications in the present study was not
unexpected, since a previous publication on mortality showed a low excess
mortality rate for the present diabetes cohort as compared with matched subjects without diabetes [293]. Early detection of patients with diabetes, policies for the pharmacological treatment of hyperglycaemia and hypertension
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based on international and national guidelines since the mid-1970s and onwards may have contributed to this result.
The strengths of this study include that all incident patients with type 2
diabetes regardless of age in a defined geographical area were identified
using uniform diagnostic criteria and were followed for a long time, with
frequent registrations of glucose and blood pressure levels and drug use. The
outcome data were based on official national registers with almost 100%
coverage. Moreover, the study was undertaken in general practice and therefore reflects a more realistic clinical situation than RCTs where study populations often are selected to optimize statistical power [294].
The limitations of the study include the fairly small study area with an
ethnically homogenous Caucasian population, and therefore generalisations
as to ethnicity should be made with caution. Data on blood lipids and
dyslipidaemia treatment were not available since Swedish general practitioners gave such treatment low priority until the late 1990s when statins were
introduced. Glucose control measured as HbA1c was not in use before the
late 1980s and therefore no such data covering the whole study period were
available. Moreover, the adjustment for other indications than hypertension
for the hypertensive drugs, especially for diuretics and beta-blockers may not
have been complete, and therefore the CVD incidence hazard rates for these
drugs should be interpreted with caution.
In conclusion, CVD and MI incidence increased with number of previous
events, blood pressure, and hyperglycaemia whereas pharmacological diabetic treatment lowered the risk. As compared with other studies, relatively
low risk of CVD complications was observed. Although the effects of individual drugs were relatively small, the combination of several drugs proved
advantageous in relation to diabetes complications.
Paper IV
No reduction of mortality and CVD outcomes were found in type 2 diabetes
individuals detected by screening as compared with being clinically detected
and followed for a mean of more than 10 years. However, for stroke as outcome a 24% non-significant decrease in favour for subjects detected by
screening was found.
Other observational studies have published results in line with ours. From
a single practice in Ely, UK, a study was published on the effect of population screening every 5 years for type 2 diabetes in subjects 40 to 65 years of
age and followed for 18 years with all-cause mortality as the outcome [239].
Subjects invited as compared with those not invited to screening had a nonsignificant 21% relative reduction in all-cause mortality between 1990 and
1999. This result was not replicated in the period 2000-2008. From the
Dutch primary care patients with type 2 diabetes aged 45 to 75 years were
compared based on whether they had been diagnosed by opportunistic target
screening or clinically [253]. They were followed for a mean of 7.7 years.
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Regarding CVD mortality and morbidity no significant differences were
found. However, the patients in the group diagnosed by opportunistic screening had higher baseline CVD morbidity, as also found in the present study.
The first RCTs in this area, the Anglo-Danish-Dutch Study of Intensive
Treatment In People with Screen Detected Diabetes in Primary Care (ADDITION-Europe), reported the effect of intensive multifactorial treatment or
routine care in screening detected type 2 diabetes subjects aged 40-69 years
[244]. After a mean follow-up time of 5.3 years the study showed significant
improvements in CVD risk factors in the intensive treatment group as compared with the control group and a non-significant 17% decrease in the incidence of CVD mortality and morbidity.
Another long-term follow-up study published data from ADDITIONCambridge (one of the study centres within the ADDITION-Europe) on
mortality over a median duration of 9.6 years. In this study no reduced allcause, CVD, or diabetes related mortality associated with invitation to
screening was found [249]. To be correct, as was concluded in a recent
Health Technology Assessment (HTA) report, the ADDITION study was not
a trial of screening but was a trial of intensive intervention compared with
standard care in subjects found to have undiagnosed diabetes by screening
[250].
In an updated review on screening for type 2 diabetes in adults the authors
commented on and implicitly meant that the result from the ADDITIONCambridge study is applicable to a population at low to moderate risk of
diabetes, rather than to adults at high or very high risk and therefore recommended to screen individuals with high risk for type 2 diabetes with HbA1c
every 3-5 years or annually if at very high risk [254].
The lack of differences in outcomes of mortality and CVD in the Laxå
study may have several possible explanations. The statistical power analysis
indicated that for mortality, CVD, and MI the non-significant result was not
due to a too small sample but to too small effects. For stroke the nonsignificant result was probably due to too small sample. The most likely
explanation for the small effect is that an early diagnosis of diabetes by
screening is not early enough when it comes to account for high blood pressure, dyslipidaemia, and smoking. A diabetes diagnosis by screening may
not be early enough even regarding hyperglycaemia as a risk factor for CVD,
since the CVD risk increases already in the prediabetes state (FPG 6.1-6.9
mmol/l) [144]. If the diabetes diagnosis is advanced only moderately by the
screening programme, i.e. the lead time is short [241], as is often the case
among subjects with a high risk of diabetes and of CVD morbidity and mortality, little may be gained by screening. The risk factor differences between
the screened and the clinically diagnosed subjects in the present study were
small and it would therefore have been surprising to find differences in mortality and morbidity.
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Another reason for the almost uniform pattern of risk factors may be that
both groups were subject to a better quality of care due to the interest in
treating diabetes inherent in our screening programme. Evidence of such an
effect was seen in a previous study on the mortality in this cohort as compared to that of a matched control group without diabetes [293]. In that study
diabetic subjects had only a small excessive mortality, much lower than in
many other studies. In this way the screening programme may have been
beneficial by working as a tool for a higher standard of care, but the same
result could possibly have been accomplished in other ways than screening.
Since the present study spans a long time sequence in which clinical diagnosis were made across the whole period, it reflects clinical interest in
diagnosing and treating diabetes at variance. It is likely that during the 1970s
before the screening programme started subjects may have died from CVD
with undiagnosed type 2 diabetes. As the screening rounds progressed during
the 1980s and 1990s the risk of having unknown diabetes at the time of
death became less likely. In this way more subjects with a high risk of cardiovascular death may have been diagnosed with diabetes by screening before
they died, than during the first third of the study period. Such an effect may
have resulted in higher CVD mortality and morbidity rates among screening
detected subjects. Moreover, during the 1970s and 1980s GPs focused primarily on hyperglycaemia leading to symptoms. Other CVD risk factors
were not optimally taken care of and therefore no reduced effect on mortality
and CVD outcomes was to be expected. If these CVD risk factors had been
assessed together with hyperglycaemia at diagnosis the outcome might have
been different. Weighted risk factors for CVD suggest that glucose is a
weaker risk factor than is blood pressure or cholesterol [283].
Strengths and limitations
The strengths of this study include that in a defined geographical area all
incident patients with type 2 diabetes were identified regardless of age using
uniform diagnostic criteria and were followed for a long time, with frequent
registrations of glucose and blood pressure levels and drug use. The repeated
screening procedure, in 5-year cycles in all individuals aged 35 to 79 involving approximately 85% of the eligible Laxå population probably left few
missed cases. The outcome data were based on official national registers
with almost 100% coverage. Moreover, the study was undertaken in general
practice and therefore reflects a more realistic clinical situation than RCTs
where study populations often are selected to optimize statistical power
[294].
The limitations of the study include the fairly small study area with a limited number of patients and an ethnically homogenous Caucasian population.
Therefore generalisations as to ethnicity should be made with caution. Data
on blood lipids and dyslipidaemia treatment were not available since Swedish general practitioners gave such treatment low priority until the mid99

1990s when statins were introduced. There is, however, no reason to believe
that dyslipidaemia occurred or was treated differently among screeningdetected or clinically detected patients. Glucose control measured as HbA1c
was not in use before the late 1980s and therefore no such data covering the
whole study period were available. We could not fully reduce the risk for
confounding, lead, and length time bias and selection [295]. We had no possibility to explore whether our results also hold true for microvascular disease outcome.
In conclusion, screening for type 2 diabetes subjects did not reduce the
mortality or the CVD outcomes in screening-detected as compared with clinically diagnosed individuals, although a 24% non-significant reduction in
stroke was seen in the screened group. The findings confirm what recently
has been found in observational studies as well as in RCTs. Future research
should explore if opportunistic screening might be a feasible alternative to
the reported population-based stepwise screening programmes which not
until today have shown any firm reduction in mortality and morbidity among
type 2 diabetes subjects.

Implications
Scientific
The epidemiology research in diabetes in Laxå has produced important
knowledge of type 2 diabetes and its treatment. The results in terms of morbidity and mortality have supplied health professionals and health authorities
with reliable clinical data which can be used directly in patient care but also
in planning future care.
However, the study area is small and though this study spans more than
30 years it could still be too short to detect disease changes in incidence,
prevalence, or mortality. A nationwide study is needed to assure better estimates. The Swedish population is growing and important demographic
changes occurs which together with increasing number of immigrants with
high risk of developing diabetes will affect the pattern of disease.
The excess mortality risk reported in this study was low as compared
with what others have found. The gap between subjects with and without
diabetes regarding mortality has decreased during recent years but gender
differences, difficult to explain, still exist and need further research attention.
Hyperglycaemia and hypertension are well known risk factors for CVD
in individuals with diabetes. This study has showed that combined drug
treatment of these conditions can decrease the risk of macrovascular complications. Low-cost and easily accessible drugs for treatment of hyperglycaemia were particularly effective. However, the treatment of hypertension
among patients with type 2 diabetes needs to be improved and the importance of dyslipidemia and its treatment remains to be elucidated.
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Screening for diabetes with the aim of reducing CVD morbidity and mortality was not successful but may, however, be warranted on other grounds,
for instance in reducing microvascular complications such as retinopathy and
visual impairment. Further research is needed to explore this issue. The opportunistic screening programme has been shown to work well, be inexpensive and effective at the PHC level in finding unknown cases of diabetes and
it has also stimulated interest in and raised knowledge of the care of patients
with diabetes. Thus, good arguments for a continuation of the screening programme within a research setting can be found as long as it is not harmful
and steal resources from more important duties.
Practical
To be aware of how many inhabitants in Laxå that have diabetes, the prevalence, is essential in order to allocate adequate resources for the care of the
patients. A regular update of the local diabetes register is vital for this purpose. To know the number of new cases, the incidence, allows for planning
of staff resources and further education for future care. To be aware of the
pattern of complications and premature death is necessary in order to optimize treatment and other secondary preventive measures.
Moreover, the well-established opportunistic screening programme has a
place but with today’s knowledge the initial care of the newly detected patients should be focused on identifying cardiovascular disease risk factors.
Treatment of these should be initiated prompt and assessed alongside the
treatment for hyperglycaemia.

Conclusions
The prevalence of diabetes in Laxå increased from 1972 to 1988, thereafter
stable to a mean of 4.3-4.5% until study end 2001. This deviates from the
rising prevalence seen in many other countries. The incidence rate was relatively stable over the 30-year period. Mortality rates have declined substantially over the past decades in the general population but this study showed
that although survival improved for the diabetic subjects, it was less than for
the nondiabetic population. However, the excess mortality risk for subjects
with diabetes was the smallest hitherto reported.
Cumulative cardiovascular disease and myocardial infarction incidence
increased with number of previous events and presence of hypertension and
hyperglycaemia and decreased with pharmacological diabetes treatment. The
effect was stronger with the use of several drugs. For stroke incidence, previous number of stroke events increased the risk, as did high blood pressure
but no clear decrease in risk was seen for pharmacological diabetic or hypertension treatment. Finally, no advantageous effect of screening compared
with no screening for diabetes in terms of reduced risk of macrovascular
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complications or mortality was seen, although stroke incidence tended to be
lower among the screened individuals. If screening can lead to reduction of
microvascular complications has not been the subject for this study.
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Summary in Swedish (svensk sammanfattning)

Diabetes är en komplex kronisk sjukdom som orsakar stor ohälsa och förtida
död i hela världen. I många länder ökar förekomsten av sjukdomen bland
annat beroende på att vi lever längre idag och att vi har en förändrad livsstil
med inaktivitet och försämrade kostvanor som i sin tur medför ökad förekomst av övervikt/fetma. Personer med diabetes drabbas i stor omfattning av
kardiovaskulära sjukdomar och upp emot hälften av alla som insjuknar i
diabetes har redan vid insjuknandet någon komplikation. Mot den bakgrunden rekommenderar många länders myndigheter och diabetesorganisationer
att man screenar för diabetes för att tidigt kunna upptäcka och initiera behandling för sjukdomen och därmed förbättra prognosen.
I Sverige saknas kunskap kring den långsiktiga uppföljningar av patienter
med diabetes. Sådanauppföljningar görs lämpligen i form longitudinella
kohortstudier under gynnsamma förhållanden. I Laxå har sådan epidemiologisk diabetesforskning pågått sedan början av 1970-talet. I avhandlingen
studeras en kohort av 776 patienter med diabetes, majoriteten med typ 2
diabetes. Uppföljningstiden är 30 år. De olika delarbetena belyser incidens,
prevalens, mortalitet, komplikationer, läkemedelsbehandling samt screening.
Delarbete 1: Jansson SP, Andersson DK, Svärdsudd K (2007) Prevalence
and incidence rate of diabetes mellitus in a Swedish community during
30 years of follow-up. Diabetologia 50: 703-710
I Sverige saknas studier som belyser den ökade förekomsten av diabetes.
Syftet med delarbetet var att studera förekomst och nyinsjuknandet i diabetes under en period av 30 år i Laxå. Undersökningspopulationen utgjordes av
hela Laxås befolkning. Under åren mellan 1972 och 2001 samlades persondata och kliniska uppgifter på Laxå vårdcentral i ett register. Under studietiden diagnosticerades 776 personer med diabetes; 36 personer hade typ 1
diabetes och 740 personer typ 2 diabetes. Den åldersstandardiserade incidensen av typ 1- och typ 2 diabetes uppgick till 0,15 respektive 3,03 individer
per 1000 invånare men vi fann ingen incidensökning över tid. Den åldersstandardiserade prevalensen för kvinnor och män ökade signifikant från 28,3
respektive 25,9 per 1000 invånare 1972 till 45 respektive 46,3 per 1000 invånare 1988. Under den återstående studietiden sjönk prevalensen för kvinnor till ett medel på 43,5 per 1000 invånare och för män till ett medel på 44,9
per 1000 invånare. Sammanfattningsvis kunde vi konstatera att prevalensen
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av diabetes i Laxå är hög men att den inte ökade under de sista 13 åren av
studietiden. Incidensen var relativt stabil under hela 30-årsperioden.
Delarbete 2: Jansson SP, Andersson DK, Svärdsudd K (2010) Mortality
trends in subjects with and without diabetes during 33 years of followup. Diabetes Care 33: 551-556
Överlevnaden i hela befolkningen har ökat de senaste årtiondena men om
personer med diabetes också har fått del av denna överlevnadsförbättring är
mer oklart. Syftet med delarbetet var att analysera om personer med diabetes
fått en förbättrad överlevnad under perioden 1972 till 2004 i jämförelse med
personer utan diabetes. Studiepopulationen utgjordes av 776 nyinsjuknade
personer med diabetes i Laxå och av 3880 köns- och åldersmatchade kontrollpersoner från Laxå. Kontrollpopulationen inhämtades från befolkningsregistret på SCB medan dödsorsaksuppgifter inhämtades från Socialstyrelsens dödsorsaksregister. Under den 33-åriga uppföljningstiden dog 233 (62
%) kvinnor med diabetes och 240 (60 %) män med diabetes. I kontrollgruppen dog 995 (52,9 %) kvinnor och 1082 (54,1 %) män. Den åldersstandardiserade hazardkvoten för totalmortalitet var för individer med diabetes i jämförelse med individer utan diabetes signifikant ökad till 1,17 (kvinnor 1,22
och män 1,13). Motsvarande siffror för hjärtkärl död var signifikant ökad till
1,33 (kvinnor 1,41 och män 1,27). Över tid minskade dödligheten signifikant
hos kontrollpersonerna och män med diabetes men inte för kvinnor med
diabetes. Samma resultat fann vi för koronar hjärtsjukdom. Sammanfattningsvis fann vi att personer med diabetes har fått en förbättrad överlevnad
men inte i lika hög grad som personer utan diabetes. Överdödligheten för
personer med diabetes i vår studie var dock den hittills lägst rapporterade i
hela världen.
Delarbete 3: Jansson SP, Andersson DK, Svärdsudd K (2013) Effects of
fasting blood glucose, diabetes treatment, blood pressure and hypertension treatment on cardiovascular disease incidence. A 30-year follow-up
study of 740 incident patients with Type 2 diabetes. Submitted
I delarbetet var syftet att analysera effekterna av högt blodsocker och högt
blodtryck respektive farmakologisk behandling av sådana tillstånd hos 740
patienter med typ 2 diabetes i Laxå under perioden 1972-2001. I analysen
registrerades alla kardiovaskulära nyinsjuknanden under perioden. Patienternas slutenvårdsdiagnoser och uppgifter om död erhöll vi från Socialstyrelsens patient- respektive dödsorsaksregister. Från det lokala Laxåregistret
kunde uppgifter om patienternas årliga blodtrycksvärden, blodsockervärden
samt läkemedelsbehandling av dessa tillstånd inhämtas.
Under uppföljningstiden ökade den kumulativa incidensen av kardiovaskulär sjukdom signifikant för män (hazardkvot 1,48) och med antal tidigare
104

kardiovaskulära sjukdomshändelser (hazardkvot 1,13), ökad ålder (hazardkvot 1,05), ökat medelfasteblodsocker (hazardkvot 1.05), ökat BMI (hazardkvot 1,04) och ökat medelartärblodtryck (hazardkvot 1,02), och minskade
signifikant med metforminbehandling (hazardkvot 0,58) och sulfonylureabehandling (hazardkvot 0,73). Kumulativ incidens av hjärtinfarkt ökade signifikant för män med antal tidigare hjärtinfarkter, ökat medelfastesocker, ökat
BMI, ökad ålder och ökat medelartärblodtryck och minskade med metforminbehandling. Kumulativ incidens av stroke ökade med antal tidigare
stroke, ålder, och medelartärblodtryck. Sammanfattningsvis ökade den kumulativa incidensen av kardiovaskulär sjukdom och hjärtinfarkt med antal
tidigare sjukdomshändelser samt av högt blodtryck och högt blodsocker. På
motsvarande sätt fann vi en minskning av kardiovaskulär sjukdom och hjärtinfarkt med läkemedelsbehandling för diabetes. Antalet tidigare strokeinsjuknanden ökade risken för att drabbas av en ny stroke men vi fann däremot
ingen signifikant riskminskning med läkemedelsbehandling för att minska
risken för stroke.
Delarbete 4: Jansson SP, Andersson DK, Svärdsudd K Mortality and cardiovascular outcomes in patients detected by screening or clinically diagnosed type 2 diabetes. A 30-year follow-up study of 740 incident patients
with type 2 diabetes. Submitted
Syftet med delarbetet var att studera om dödlighet och insjuknande i kardiovaskulär sjukdom skiljer sig åt hos patienter med diabetes i Laxå beroende
på om de är diagnosticerade via screening eller kliniskt. Tidigare studier har
visat att individer som insjuknar i diabetes i hög grad har någon form av
komplikation vid sjukdomsdebut, att sjukdomen har en lång latensfas samt
att många personer är odiagnosticerade. Av dessa anledningar har många
diabetesorganisationer i värden rekommenderat screening av individer med
hög risk att insjukna i diabetes. Studiepopulationen utgjordes av 740 incidenta patienter med typ 2 diabetes i Laxå som följts under 1972 till 2001. En
screeningverksamhet startade på Laxå vårdcentral 1983 och pågick fram till
studiens slut. Alla individer i Laxå som var mellan 35 år till 79 år ingick i
screeningen som upprepades i cykler om fem år. Vi fann ingen signifikant
skillnad i dödlighet eller insjuknande i kardiovaskulär sjukdom mellan de
screening- respektive kliniskt diagnosticerade patienterna. Vi fann dock en
icke signifikant minskad risk för stroke hos patienter som genomgått screening jämfört med de kliniskt upptäckta patienterna (hazardkvot 0,76).
Sammanfattningsvis fann vi ingen minskning av dödlighet eller makrovaskulära komplikationer hos personer som genomgått screening jämfört
med personer som diagnosticerats kliniskt. Vi kan med vår undersökning
inte uttala oss om det gäller även för mikrovaskulära komplikationer.
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Sammanfattning
Avhandlingen visar att prevalensen av diabetes i Laxå ökade från 1972 fram
till 1988 men därefter har ingen ökning påvisats utan prevalensen uppskattas
till 4,3–4,5 %. Detta i motsats till vad många andra studier från olika delar av
världen har visat. Incidensen har likaledes varit stabil och utan ökning under
hela studietiden. Överlevnaden för personer med diabetes har förbättrats de
senaste 30 åren och överdödligheten för personer med diabetes i Laxå jämfört med personer utan diabetes är den hittills lägst rapporterade i världen.
Kvinnor med diabetes har i jämförelse med män med diabetes inte haft
samma gynnsamma utveckling. Studien visar att läkemedelsbehandling mot
diabetes minskar risken att drabbas av makrovaskulära komplikationer. Effekten är större om fler läkemedel ges samtidigt. Avslutningsvis tycks inte
screening för att diagnosticera patienter med diabetes i jämförelse med kliniskt upptäckt av patienter med diabetes leda till en minskad risk att drabbas
av makrovaskulära komplikationer eller förtida död. Om det även gäller för
mikrovaskulära komplikationer kan inte studien ge svar på då den inte har
haft ett sådant fokus.
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