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ABSTRACT 

Background 
Type 2 diabetes is a common chronic disease with a two-fold increased risk for cardiovascular 

morbidity and mortality and has an increasing prevalence worldwide. This thesis is based on a 

study conducted in primary health care in Östergötland and Jönköping, Sweden. The aim of 

the thesis was to evaluate new risk markers to identify patients with high risk of developing 

cardiovascular disease in middle-aged men and women with type 2 diabetes. 

Methods 
Data from the cohort study CArdiovascular Risk in type 2 DIabetes – a Prospective study in 

Primary care (CARDIPP) was used. In paper III data were also used from CARDIPP-

Revisited where all participants in the CARDIPP study were invited four years after the 

baseline investigation for a re-investigation. In paper IV data were used from CAREFUL 

which is a control group of 185 subjects without diabetes. 

The investigation included a standard medical history including data on diabetes duration and 

on-going medication. Anthropometric data were recorded and both office and ambulatory 

blood pressure were measured. The patients filled out a detailed questionnaire and physical 

activity was measured by using waist-mounted pedometers. Pedometer-determined physical 

activity was classified in four groups: Group 1: <5000 steps/day (‘sedentary’); Group 2: 5000-

7499 steps/day (‘low active’); Group 3: 7500-9999 steps/day (‘somewhat active’); Group 4: 

and ≥10 000 steps/day (‘active’). Blood samples were drawn for routine analyses and also 

frozen for later analyses. The investigations at the departments of physiology included 

echocardiography, measurements of the carotid intima-media thickness, applanation 

tonometry and measurements of sagittal abdominal diameter. 

Results 
Paper 1: 
Patients with a non-dipping systolic blood pressure pattern showed higher left ventricular 

mass index and pulse wave velocity (PWV) compared with patients with ≥10% decline in 

nocturnal systolic blood pressure. Patients with <10% decline in nocturnal systolic blood 

pressure had higher BMI and sagittal abdominal diameter, lower GFR and higher albumin : 

creatinine ratio and also higher levels of NT-proBNP than patients with a dipping pattern of 

the nocturnal blood pressure. 

Paper 2: 
The number of steps/day were inversely significantly associated with BMI, waist 

circumference and sagittal abdominal diameter, levels of CRP, levels of interleukin-6 and 

PWV. 
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Paper 3: 
At the 4-year follow-up the change in PWV (ΔPWV) from baseline was calculated. The group 

with the lowest steps/day had a significantly higher increase in ΔPWV compared with the 

group with the highest steps/day. The associations between baseline steps/day and ΔPWV 

remained after further adjustment in a multivariate linear regression statistically significant 

(p=0.005). 23% of the variation in the study could be explained by our model. Every 1000 

extra steps at baseline reduced the change in ΔPWV by 0.103 m/s between baseline and 

follow-up. 

Paper 4: 
Low vitamin D levels were associated with significantly increased risk for premature 

mortality in men with type 2 diabetes. High levels of parathyroid hormone were associated 

with significantly increased risk for premature mortality in women with type 2 diabetes. 

These relationships were still statistically significant also when two other well-established 

risk markers for mortality, PWV and carotid intima-media thickness, were added to the 

analyses. 

Conclusions 
Ambulatory blood pressure recording can by addressing the issue of diurnal blood pressure 

variation, explore early cardiovascular organ damage and microvascular complications that 

goes beyond effects of standardised office blood pressure measurements. Pedometer-

determined physical activity may serve as a surrogate marker for inflammation and 

subclinical organ damage in patients with type 2 diabetes. There is novel support for the 

durable vascular protective role of a high level of daily physical activity, which is independent 

of BMI and systolic blood pressure. The use of pedometers is feasible in clinical practice and 

provides objective information not only about physical activity but also the future risk for 

subclinical organ damage in middle-aged people with type 2 diabetes. Our results indicate that 

low vitamin D levels in men or high parathyroid hormone levels in women give independent 

prognostic information of an increased risk for total mortality. 
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ACR Albumine : creatinine ratio 

ADA American Diabetes Association 

BMI Body mass index 

BNP Brain natriuretic peptide 
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PROLOGUE 

Type 2 diabetes is an epidemically growing chronic disease worldwide and is considered to be 

one of the most serious threats against health with considerable costs for society and suffering 

for the individual. The majority of patients with type 2 diabetes are diagnosed and treated in 

primary health care. 

I contributed to the CARDIPP study by the recruitment of patients at two different health care 

centres. By working with the recruitment, my interest in the field was growing and I therefore 

wanted to start PhD studies. My research interest in the CARDIPP study, as a general 

practitioner, is basically because type 2 diabetes is a so common and also a complex disease 

in primary care. The most common cause of death among patients diagnosed with type 2 

diabetes is cardiovascular death which counts for more than half of all deaths. I have therefore 

found it interesting and important to investigate the relationship between type 2 diabetes and 

risk factors for cardiovascular diseases with special emphasis on blood pressure and physical 

activity. 

After some years I got interested in vitamin D and therefore I wanted to analyse the levels of 

vitamin D to explore its associations with mortality in the CARDIPP material. 
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INTRODUCTION 

Epidemiology of diabetes mellitus and 
cardiovascular risk 

Diabetes mellitus is a serious and common chronic disease with an increasing prevalence 

worldwide. In a recent estimation from International Diabetes Federation (IDF) Diabetes 

Atlas it was found that 382 million people had diabetes mellitus in 2013 and the number in 

2035 was estimated to become 592 million with the majority of the patients coming from 

China and India (1). The global prevalence in the adult population (20-79 years) is expected 

to increase from 8.3% in 2011 to 9.9% in 2030 (2). In Sweden approximately 3.5% of the 

women and 5.1% of the men are currently diagnosed with diabetes mellitus (3). The incidence 

of diabetes mellitus in Sweden has been stable for many years (3) and the increasing 

prevalence might be explained by an aging population with longer lifetime expectancy and 

also earlier diagnosis of diabetes mellitus. The risk of developing type 2 diabetes is increasing 

with age (3). 

The global burden of diabetes mellitus as a cause of death is substantial. In 2030, diabetes 

mellitus 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 (4). The risk of premature death 

from cardiovascular disease is two times higher among patients with diabetes mellitus 

compared with individuals without diabetes mellitus (5). The elevated risk for premature 

death is evident already for newly diagnosed patients compared to individuals without 

diabetes mellitus (6-9). 

Glucose metabolism 

Glucose is an essential nutrient for the human metabolism. The concentration of glucose in 

plasma is normally 3.9-5.5 mmol/L (10) and is equivalent of an amount of 4 g glucose (11). 

Most of the cells in the body can use other nutrients such as fat and protein but the brain is 

totally dependent on a continuous supply of glucose. To satisfy this need, glucose is stored in 

the liver as glycogen and released under fasting conditions to sustain glycaemic control and 

avoid hypoglycaemia. The uptake of glucose in the skeletal muscle and adipose tissue as well 

the release from glycogen to glucose is regulated by insulin, which reduces the blood glucose 

level, and glucagon which increases the blood glucose level. These hormones are secreted 

from the islets of Langerhans in the pancreas. Insulin is produced in the β-cells and glucagon 

in the α-cells. (12-14). 
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Classification 

Diabetes mellitus is a heterogeneous disease with elevated levels of blood glucose. The 

current classification is based upon recommendations from World Health Organization 

(WHO) and American Diabetes Association (ADA) where diabetes mellitus is classified into 

four different groups based on ethiology (15, 16). 

 Type 1 diabetes accounts for 5-10% of all diabetes and is caused by an autoimmune β-

cell destruction leading to insulin deficiency. 

 Type 2 diabetes is the most common type and represents 85-90% of all diabetes 

mellitus. Type 2 diabetes is a mix of insulin resistance and insulin deficiency. 

 Other specific types of diabetes: Genetic defects of β-cell function (MODY), 

pancreatic diseases (pancreatitis, neoplasia), endocrinopathies (Cushing´s syndrome, 

acromegaly, hyperthyroidism), drug-induced (glucocorticoids, thiazides), infections 

(mumps), rare genetic disorders (Down´s syndrome, Klinefelter´s syndrome, Turner´s 

syndrome). 

 Gestational diabetes is a temporary disease which occurs during pregnancy. After 

giving birth the hyperglycaemia is usually reversed. For women with gestational 

diabetes there is an increased risk of developing type 2 diabetes compared with those 

who had a normoglycaemic pregnancy. (17). 

Diagnosis of diabetes mellitus 

The definition of diabetes mellitus is based on recommendations from the WHO from 1998 

(18, 19). The diagnosis requires a fasting plasma glucose ≥7.0 mmol/L or a 2-hour venous 

glucose of ≥11.1 mmol/L (after an oral glucose load of 75 g) alternatively a random venous 

plasma glucose ≥11.1 mmol/L with symptoms indicating hyperglycaemia. Two consecutive 

tests are required for diagnosis except when symptoms are present. The diagnosis can also 

since 2014 in Sweden be based on an HbA1c ≥48 mmol/mol (20). However, the sensitivity by 

using HbA1c for diagnosis of diabetes mellitus is considerable lower compared with oral 

glucose tolerance test (21). 

Development of type 2 diabetes 

The onset of type 2 diabetes is usually gradual without early symptoms (22). The 

pathophysiologic cause of type 2 diabetes is usually a combination of insulin resistance in 

liver and skeletal muscle and β-cell failure. The insulin resistance in the skeletal muscle 

results in decreased glucose uptake and therefore a postprandial hyperglycaemia. Many 

patients with type 2 diabetes are obese and physically inactive and the obesity, particularly 
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visceral adiposity, itself increases the risk for type 2 diabetes predominantly by worsening the 

insulin resistance. (23). These abnormalities put an excessive stress on the β-cells which 

increase insulin production and secretion (24). Eventually, the β-cells fail to compensate for 

the insulin resistance and glucose levels rise to overt type 2 diabetes. 

There is a strong genetic component for the risk of developing type 2 diabetes. There is an 

independent association of family history of type 2 diabetes and the risk of future type 2 

diabetes further increases with both maternal and paternal diabetes (25-27). The concordance 

rate of type 2 diabetes in identical twins is 90% (28). 

Insulin resistance is a part of the metabolic syndrome (29-34). According to one frequently 

cited definition, the metabolic syndrome is characterized by 

 elevated waist circumference (caucasian, men ≥94 cm, women ≥80 cm) 

 elevated triglycerides (or drug treatment) ≥1.7 mmol/L 

 reduced HDL-cholesterol (or drug treatment) men <1.0 mmol/L, women <1.3 mmol/L 

 elevated blood pressure (or drug treatment) systolic ≥130 and/or diastolic ≥85 mm Hg 

 elevated fasting glucose (or drug treatment) ≥5.6 mmol/L 

The presence of elevated waist circumference plus 2 of 4 additional criteria defines the 

metabolic syndrome (29). 

Patients with the metabolic syndrome are at high risk of developing type 2 diabetes (35) and 

of developing cardiovascular disease (36). Patients with type 2 diabetes have an two-fold to 

four-fold increased morbidity and mortality due to micro- and macrovascular complications. 

The microvascular complications that are diabetes specific are; retinopathy, nephropathy and 

neuropathy (37-39). The macrovascular complications are myocardial infarction, stroke and 

peripheral arterial disease (40). 

Overweight and obesity 

There is a global epidemic of obesity that is closely linked to the increasing prevalence of 

type 2 diabetes. It has been estimated that 23.2% of the world´s population in 2005 was 

overweight and 9.8% was obese. The estimated total numbers of overweight adults in 2005 

were 937 million and the obese adults were 396 million. By 2030 the prevalence of 

overweight and obese adults was projected to be 38.1% overweight and 19.7% obese 

individuals respectively, if recent secular trends continue unabated (41). 

Development of type 2 diabetes is closely associated with obesity and there is a significant 

association between obesity, type 2 diabetes and other cardiovascular risk factors (42). 

Abdominal obesity is the best obesity-related predictor of type 2 diabetes (43). 

Visceral fat and intra-abdominal fat is different from subcutaneous fat and excess visceral fat, 

but not subcutaneous fat, is linked to insulin resistance and the development of type 2 diabetes 

(44). 
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Obesity is closely associated with excess intake of energy and low physical activity. 

Overweight is defined as a BMI ≥25 kg/m2 and obesity as a BMI ≥30 kg/m2 (45). Of the 

larger risks, the attributable burden of high BMI has increased in the past 23 years (46). The 

definition of obesity using BMI is based on measurements of body weight and height and is 

therefore independent of the distribution of the fat. In contrast to BMI, waist circumference 

predicts body intraabdominal fat better and is well correlated to an increased risk for 

cardiovascular disease (47). Another way to evaluate central obesity is to measure sagittal 

diameter, i.e. the distance between the back and the highest point of the abdomen measured in 

a supine position. Recent studies suggest that sagittal abdominal diameter is the best 

measurement to predict cardiovascular disease (48-50). 

Physical activity 

Regular exercise has been recommended as a cornerstone of type 2 diabetes treatment (51-

53). The importance of regular exercise for health and longevity is evident (54). People who 

spend higher amounts of time in sedentary behaviours have greater odds of having metabolic 

syndrome. Reducing sedentary behaviours is potentially important for the prevention of 

metabolic syndrome (55). Physical activity has been related to postpone development of type 

2 diabetes in combination with weight reduction (56, 57). Low physical activity is associated 

with increased prevalence of type 2 diabetes and higher cardiovascular risk in adults (58, 59). 

Despite the well-known benefits of a physically active life-style, patients with type 2 diabetes 

are generally described as sedentary (60-62). 

Inflammation is an important predictor of atherosclerosis and cardiovascular disease (63, 64). 

Physical activity has an anti-inflammatory effect resulting in a decrease in CRP-levels and 

other inflammatory markers (65-67). Furthermore, physical activity has a positive effect on 

insulin sensitivity and decreases blood pressure (68-70). 

A recent systematic review of 53 studies evaluated 66 programs. Compared with usual care, 

diet and physical activity promotion programs reduced the incidence of type 2 diabetes with 

41%, decreased body weight with 2.2%, decreased fasting blood glucose levels with 0.12 

mmol/L and improved cardiometabolic risk factors. More intensive programs were more 

effective compared with programs with less rigorous diet and physical activity promotion 

(71). 

Even non-exercise physical activity has recently been reported to have a great importance for 

cardiovascular health and longevity (72). 4232 non-diabetic individuals, age 60 years, 

assessed their non-exercise physical activity and exercise habits at baseline with a self-

administrated questionnaire and their cardiovascular health was established trough physical 

examinations and laboratory tests. The participants were followed for an average of 12.5 years 

for the assessment of cardiovascular events and mortality. Individuals reporting a high non-

exercise physical activity level, compared with low, had a 27% lower risk of a first 

cardiovascular event and 30% lower all-cause mortality (72). 
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There are four large studies among individuals with impaired glucose tolerance which 

investigate the possibilities to prevent type 2 diabetes by lifestyle interventions: the Chinese 

Da Qing study (73), the Finnish Diabetes Prevention study (74), the American Diabetes 

Prevention Project (75) and the Navigator study from 40 countries (76). 

In the Chinese Da Qing study, 577 individuals with IGT were randomised to four different 

groups: a control group, an intervention with diet, an intervention with physical activity or an 

intervention with both diet and physical activity (73). At follow-up after 6 years the 

intervention with diet, physical activity and the combined diet-physical activity had reduced 

the risk of developing diabetes with 31%, 46% and 42% respectively. The combined diet-

physical activity group had in a follow-up after 20 years a reduced type 2 diabetes incidence 

of 43% but there were no differences between the groups for cardiovascular events and 

mortality (77). After 23 years there was a reduced incidence of cardiovascular and all-cause 

mortality in the intervention group. Cardiovascular mortality was reduced with 41% and all-

cause mortality was reduced with 29% (78). 

In the Finnish Prevention study 522 overweight patients with impaired glucose tolerance were 

randomised to an intervention group or a control group. Each patients in the intervention 

group received individualised counselling aimed at reducing weight and increasing physical 

activity. The main follow-up was 3.2 years. The over-all incidence of diabetes mellitus was 

reduced by 58% in the intervention group (74, 79). At the 10 years follow-up there was no 

significant decrease in cardiovascular disease in the intensive care group despite maintaining 

good results concerning glucose control (80). 

In the American Diabetes Prevention Project 3234 individuals with elevated fasting plasma 

glucose or impaired glucose tolerance were randomised to three groups: metformin 850 mg 

twice daily, physical activity or placebo treatment. Mean follow-up time was 2.8 years. 

Lifestyle interventions showed decreased conversion rate to type 2 diabetes of 58% and 

treatment with metformin showed a decreased conversion rate of 31%. In a follow-up after 10 

years there were no significant differences between the groups (81). In the 15-year follow-up 

the participants who did not develop diabetes mellitus had lower prevalence of microvascular 

complications than those who did develop diabetes (82). 

In the Navigator study 9306 individuals with impaired glucose tolerance had their ambulatory 

activity assessed by wearing pedometers at baseline and after 12 months. Both baseline 

ambulatory activity and change in ambulatory activity between baseline and 12 months were 

significantly and inversely associated with the risk of a cardiovascular event. At baseline, 

each 2000 steps/day increment in ambulatory activity was associated with a 10% lower 

cardiovascular event rate. For change between baseline and after 12 months, each 2000 

steps/day increase or decrease in daily ambulatory activity from baseline to 12 months was 

associated with an additional 8% lower or higher cardiovascular rate, respectively (76). 

In the American Look Ahead study, 5145 overweight or obese patients with type 2 diabetes 

were randomised to either intensive lifestyle intervention that promoted weight loss through 

decreased caloric intake and physical activity or a control group. The Look Ahead trial was 
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stopped early on the basis of a futility analysis. At the end of the study, with a maximum 

follow-up of 13.5 years, there was no difference in the number of cardiovascular events 

between the intervention group and the control group (83). The Look Ahead study did not 

objectively quantify physical activity and although the Look Ahead study was in intervention 

study, therefore, the degree to which physical activity was changed as a result of the 

intervention remains unclear. 

Pedometer-determined physical activity 

The use of simple and inexpensive pedometers to quantify ambulatory activity, is a feasible 

tool for investigating how habitual behaviours are associated with health outcomes (84, 85). 

Wearing a pedometer for three days can provide a sufficient estimate of physical activity in 

adults (86). Compared with accelerometers, pedometers are less expensive and more practical 

for both research and clinical applications (87). In addition to being used to quantify habitual 

walking activity, pedometers may be useful motivational tools to encourage patients with type 

2 diabetes to increase their physical activity (87, 88). A value of 10 000 steps/day or more 

appears to be a reasonable estimate of daily activity for apparently healthy adults (89-91) and 

there is growing evidence that 10 000 steps/day or more is an amount of physical activity that 

is associated with indicators for good health. However, it has recently been suggested that 

7000-8000 steps/day is a more direct translation of public health guidelines than 10 000 

steps/day (92). But only the cut-off level of >10 000 steps/day has shown to be beneficial to 

patients with type 2 diabetes in terms of reducing weight and improving insulin sensitivity in 

a clinical trial (87). Individuals who accumulate at least this amount of activity have less body 

fat (93) and lower blood pressure (94) than their less active counterparts. 

In a recent population based cohort study in Tasmania, Australia, 592 middle-aged adults had 

their physical activity measured with pedometers at baseline and follow-up after five years. A 

higher daily steps/day at five year follow-up than at baseline was associated with better 

insulin sensitivity and the effect seemed to be largely mediated through lower adiposity (95). 

Blood pressure 

When diabetes mellitus is combined with hypertension the cardiovascular risk increases 

additionally (96, 97). In American and European guidelines on hypertension management the 

recommended blood pressure goal for treatment is less than 140/90 mmHg (98, 99). A very 

recent large clinical trial has shown that the lower the blood pressure was, the better the 

outcome (100). 
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Ambulatory blood pressure 

Office blood pressure is routinely used but ambulatory blood pressure measurement is better 

correlated with micro- and macrovascular complications (101-104). A single office blood 

pressure measurement may underestimate or overestimate the strength of the association 

between the blood pressure level and the risk for cardiovascular disease. One way to 

overcome this problem is to use an automated device which measures the blood pressure 

repeatedly over 24 hours, since the larger number of measurements minimises the influence of 

individual random measurement errors. The blood pressure altering influence of the encounter 

with the person measuring the blood pressure is also eliminated. Several studies have shown 

that, compared with office blood pressure levels, ambulatory blood pressure levels are more 

closely associated with the risk for cardiovascular disease (105, 106). 

Ambulatory blood pressure monitoring can also measure the nocturnal blood pressure. In the 

general population a reduced difference between night and day-time blood pressure, which is 

denoted as non-dipping, is associated with left ventricular hypertrophy (107) and left 

ventricular dilatation (108), increased arterial stiffness (109) increased carotid intima media 

thickness (110) and elevated risk of cardiovascular disease and premature mortality (111-113) 

regardless of the mean value of arterial blood pressure during 24 hours (114). 

Left ventricular hypertrophy 

Increased left ventricular mass is a compensatory response for the heart to increased afterload 

and left ventricular mass increases with increasing blood pressure. The golden standard in 

routine practice for identification of left ventricular hypertrophy is echocardiography. Left 

ventricular hypertrophy is associated with an increased risk for cardiovascular disease, 

cardiovascular mortality and all-cause mortality in patients with hypertension (115, 116). The 

presence of left ventricular hypertrophy in hypertensive populations is likely to exclude 

patients with white-coat hypertension who are less likely to develop signs of target organ 

damage. Antihypertensive treatment may lead to left ventricular hypertrophy regression and 

treatment induced regression of left ventricular hypertrophy is associated with reduced risk 

for cardiovascular disease (117). 

Arterial stiffness 

Age and blood pressure are the two most important risk factors for arterial stiffness (118, 

119). The stability of the vascular wall is depending on the balance between two prominent 

proteins, collagen an elastin. The stiffening process involves structural and functional 

rearrangements of the elastic material in the arterial wall. Hypertension, type 2 diabetes and 

inflammation lead to a shift towards more collagen and less elastin. The vessel therefore 

becomes less elastic. Hyperglycaemia and hyperinsulinemia induce the renin-angiotensin-
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aldosteron system and up-regulates the expression of angiotensin-I receptor that promotes the 

fibrosis in the vessel wall (120). 

In a person with increased arterial stiffness, both the forward travelling pulse wave and the 

sum of its reflected, backwards travelling pulse waves will travel at increased velocity, and 

the accumulated reflected pulse wave will reach the central aorta earlier than in a person with 

lower arterial stiffness. This means that in a person with markedly increased arterial stiffness, 

the reflected pulse wave will return to the central aorta earlier, prior to the closure of the 

aortic valve, i.e. during systole, thus augmenting afterload by increasing the central systolic 

blood pressure and widening the central pulse pressure. This is in contrast to what happens in 

a person with lower arterial stiffness, in which the reflected pulse wave will reach the central 

aorta after the closure of the aortic valve, i.e. during diastole, thus instead augmenting the 

coronary perfusion by increasing the central diastolic blood pressure. 

Pulse wave velocity 

Markers of arterial stiffness are useful tools to identify early atherosclerosis and the risk for 

adverse clinical outcomes in individuals with a modest risk factor profile. Assessing arterial 

stiffness may facilitate cardiovascular risk stratification beyond traditional risk scores (121). 
Aortic pulse wave velocity (PWV) is regarded as the reference method for assessment of 

arterial stiffness and a known risk factor for premature cardiovascular morbidity and mortality 

(122). High PWV is a strong independent risk factor for cardiovascular mortality, fatal and 

non-fatal coronary events and fatal strokes in people with hypertension (123-125), end-stage 

renal disease (126), type 2 diabetes (127, 128), and in older adults (129, 130) and in the 

general population (131). 

Vitamin D metabolism 

Vitamin D plays a classical hormonal role in skeletal health by regulating calcium and 

phosphorus metabolism. Vitamin D metabolites also have physiological functions in non-

skeletal tissues. The active metabolite of vitamin D binds to the vitamin D receptor that 

regulates numerous genes involved in fundamental processes of potential relevance to 

cardiovascular disease. Vitamin D receptors have been found in all the major cardiovascular 

cell types including cardiomyocytes, arterial wall cells, and immune cells. Experimental 

studies have established a role for vitamin D metabolites in pathways that are integral to 

cardiovascular function and disease, including inflammation, thrombosis, and the renin-

angiotensin system (132). 

Vitamin D is stored in adipose tissue and liver in an inactive form. Serum levels of vitamin D 

are negatively related to adiposity (133, 134). Prospective observational studies have shown 

inverse associations between serum vitamin D and future risk of hyperglycaemia, insulin 

resistance and diabetes (135-140). Low levels of serum vitamin D (25-OH vitamin D3) have 
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been linked with an increased for mortality in different non-diabetic populations (141, 142). 

In experimental studies vitamin D has been shown to reduce activity in the renin angiotensin 

system (143). Vitamin D has also been inhibited by action of vitamin D (144, 145) suggesting 

causality between low levels of vitamin D and increased prevalence of cardiovascular disease 

(146). On the other hand there are two large studies among individuals with high levels of 

vitamin D where the finding is an increased mortality rate (147, 148). Deficiency of vitamin D 

leads to increased levels of parathyroid hormone (PTH) levels which allow release of calcium 

that is stored in bone tissue. High levels of PTH have been linked with increased arterial 

calcification in a population-based study in Sweden (149, 150) and it is well known that 

secondary hyperparathyroidism is an indicator of poor outcome in renal diseases in which 

activation of vitamin D is deficient (151). Recently it was shown that patients with type 2 

diabetes and low vitamin D levels had an increased risk for all-cause mortality in a study with 

median follow-up of 15 years (152, 153). 

Clinical trials exploring the effects of treatment with vitamin D in non-diabetic patients on 

blood pressure and vascular function have shown benefits in some (154, 155), but not all 

studies (156, 157). A recent large meta-analysis did not find a reduced risk for cardiovascular 

disease or mortality after administration of vitamin D (158). However, the studies were not 

specially targeted for evaluation of mortality, nor were they confined to patients with type 2 

diabetes.  
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AIMS 

General aim 

To cross-sectionally and prospectively analyse the associations between new aspects of 

cardiovascular risk factors as blood pressure, pedometer-determined physical activity and 

vitamin D with subclinical cardiovascular organ damage and mortality in type 2 diabetes. 

Specific aims 

 To explore the association between nocturnal blood pressure dipper status versus 

arterial stiffness, left ventricular mass and microalbinuria in patients with type 2 

diabetes, respectively. 

 To explore the association between pedometer-determined physical activity versus 

inflammatory markers and arterial stiffness in type 2 diabetes. 

 To explore the association between pedometer-determined physical activity at baseline 

and the subsequent development of arterial stiffness after 4 years. 

 To assess if levels of serum vitamin D predict the risk for total mortality in type 2 

diabetes. 
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MATERIAL AND METHODS 
The studies in this PhD thesis are based on data from participants in three data collections in 
primary care in the counties of Östergötland and Jönköping, Sweden, Figure 1. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  Figure 1: The four papers in this thesis according to the different study populations. 

 

CARDIPP 

n=761 

Paper I 
n=668 

Paper II 
n=327 

CARDIPP-R 
n=543 CAREFUL 

(no diabetes) 
n=185 

Paper IV 

n=129 n=698 
Paper III 
n=188 
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Study populations 

CARDIPP 

CArdiovascular Risk factors in patients with type 2 DIabetes – a Prospective study in Primary 

care (CARDIPP), was launched in November 2005 and by the end of 2008, 761 patients with 

type 2 diabetes were consecutively recruited from 25 different primary care health centres in 

the counties of Östergötland and Jönköping, Sweden. CARDIPP comprises data on an 

extended annual follow-up on patients aged 55-66 years. 

The centres were located in different demographic areas, both rural and urban, and differed in 

size. However, the model of treatment and care of type 2 diabetes was organized similarly and 

all centres adhered to the same national guidelines of diabetes care. The annual follow-ups 

were performed at the primary care health centres and were conducted by nurses especially 

dedicated to treatment of diabetes mellitus. 

The investigation included a standard medical history including data on diabetes duration and 

on-going medication. The patients filled out a detailed questionnaire for evaluation of self-

reported lifestyle factors and exercise habits. The physical activity was in 327 individuals 

measured by using waist-mounted pedometers. The nurses measured height, weight and also 

blood pressure, both conventional office blood pressure and ambulatory blood pressure. At 

the visit to the nurse the patients were booked for examinations at the Department of 

Physiology either at Linköping University Hospital or at the Ryhov County Hospital in 

Jönköping. Blood samples were drawn after 10 hours over-night fast for routine lab analyses 

and were also frozen for later analyses. 

The investigations at the departments of physiology included echocardiography for 

determining the left ventricular mass, measurements of the intima-media thickness of the 

common carotid artery, applanation tonometry over the carotid, femoral and radial arteries for 

determining the pulse wave velocity and also measurement of the sagittal abdominal diameter. 

CARDIPP-R 

CARDIPP-Revisited (CARDIPP-R) comprised a re-investigation of the cohort four years 

after the completion of the baseline exanimation. In CARDIPP-R all patients from the 

baseline study were invited to the re-investigation that was performed between 2010 and 

2013. Of the 761 patients included in the baseline study, 543 patients (71%) participated in 

the re-investigation. The same study protocol for echocardiography and tonometry as used in 

the baseline investigation was used at the re-investigation. The re-investigations were 

performed at the two departments of physiology and routine laboratory tests were performed 

at the local primary health care centres. 
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CAREFUL 

The CArdiovascular REFerence popULation (CAREFUL) was a data collection of age-

matched individuals that served as non-diabetic controls. The 185 study participants in 

CAREFUL has been randomly selected from a population registry of individuals aged 50-70 

years who resided within the catchment area of Linköping University Hospital. Individuals 

with previously known or newly discovered diabetes mellitus or a family history or known 

diagnosis of aortic aneurysm were not eligible for participation in CAREFUL. The 

individuals in CAREFUL were not followed prospectively but underwent similar baseline 

examinations as the patients who participated in CARDIPP except from the use of 

pedometers. 

Methods 

Paper I-IV 

Diabetes duration was defined as the time from the diagnosis of type 2 diabetes until baseline 

examination. Weight and height were measured with the patients wearing light indoor 

clothing without shoes. Blood specimens were drawn in the morning after 10 hours overnight 

fast. 

The urinary albumin excretion rate was measured using the albumine:creatinine ratio (ACR) 

in one single morning spot urine samples. Urine concentration of creatinine was measured by 

an enzymatic method. Microalbuminuria was defined as an ACR ≥3.0 mg/mmol. Estimated 

glomerular filtration rate (GFR) was calculated from plasma cystatin C-levels by the formula 

y=79.901(cystatin C-level)-1.4389 (159). 

Ambulatory blood pressure 

Specially trained nurses at each primary health care centre were responsible for the 

measurement of office blood pressure and the 24-h ambulatory blood pressure recordings. 

Office blood pressure was the average of three seated measurements taken one minute apart 

after five minutes rest. Ambulatory blood pressure was measured with Spacelab 90217, a 

common device in Swedish health care. It was set to measure the blood pressure at 20-minute 

intervals for 24 hours. The 24-h blood pressure mean values for day and night blood pressure 

were based on individual self-reported data on time spent in bed. Night time was defined as 

the period between the time when the patient reported going to bed and the time when the 

patient reported getting out of bed the following morning. No manual editing of the 

monitoring readings was performed. Only patients with data on both day-time and night-time 

blood pressure recordings and with ≥70% successful ambulatory blood pressure 

measurements were included. The nocturnal systolic blood pressure (SBP) dipping in percent 
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was calculated as 100 x (mean day-time SBP – mean night-time SBP)/(mean day-time SBP). 

Non-dippers were defined as a <10 % nocturnal decrease in systolic blood pressure. 

Echocardiography 

Echocardiography was performed with the patient in the left semi-lateral position and left 

ventricular mass was determined according to the method described by Devereux (160). The 

measurements were done in M-mode. The Penn convention was then used for the calculation 

of left ventricular mass. 

Physical activity and pedometers 

The participants filled out a detailed questionnaire for evaluation of self-reported life style 

factors and exercise habits. The question about physical exercise is currently used in the 

National Survey of Public Health, Health on Equal Terms, that has been conducted yearly 

since 2004 by the Swedish National Institute for Public Health (161). 

The physical activity was measured using waist-mounted pedometers, Yamax SW-

200/KeepWalking LS2000 (162) for three consecutive days and the number of steps/day were 

then calculated. The pedometers were sealed in such a way that the participants were unable 

to see or manipulate the pedometer counts during the observation period. All participants were 

asked to wear the pedometers for three consecutive days but also to register on a form how 

many days they used the pedometer and to return the form to the study nurse after completion. 

Most participants wore the pedometer for three days and the output was then divided by three 

or the actual number of days. Two participants wore the pedometer for two days, three 

participants for four days, one participant for six days, and one participant had the pedometer 

for seven days and the numbers of steps were thus consequently divided accordingly by the 

actual number of days. Based on currently available recommendations (87, 89-91), we 

classified the pedometer-determined physical activity in four groups: 

Group 1: <5000 steps/day (‘sedentary’); 

Group 2: 5000-7499 steps/day (‘low active’); 

Group 3: 7500-9999 steps/day (‘somewhat active’); 

Group 4: and ≥10 000 steps/day (‘active’). 

Pulse wave velocity 

Aortic pulse wave velocity (PWV) was measured with applanation tonometry over the carotid 

and femoral arteries. The aortic pulse wave transit times were measured by 

electrocardiogram-guided readings of the femoral arterial pulse waves, using the carotid 

arterial pulse wave as the reference site. The surface distances were estimated from the 
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suprasternal notch to the carotid and femoral measurements sites, respectively. PWV was 

calculated by dividing the surface distance with the pulse wave transit time yielding the PWV 

in m/s. 

Three biomedical scientists performed all vascular measurements. The intra-individual 

coefficient of variation (CV) for PWV was 8.1%. The change in PWV (ΔPWV) was 

calculated as the difference between the recording at baseline and the 4-year follow-up 

investigation. 

Statistical analyses 

In paper I differences in continuous variables, between the dipping and non-dipping category, 

were analysed with Student´s t-test. When analysing the nocturnal systolic blood pressure 

dipping in percent of daytime systolic blood pressure as a continuous and dependent variable 

in a multiple linear regression analysis adjusted for office systolic blood pressure, the increase 

of one unit for each of the variables conferred a change in dipping in percent units expressed 

as the as the regression coefficient (β) with 95% confidence intervals (CI). 

Variables with skewed distributions in paper II, IL-6, and hs-CRP, were log transformed in all 

analyses. In analyses between continuous variables multiple linear regression analyse were 

used and Pearson correlation coefficients were calculated, using bivariate correlation analysis. 

Group differences between categorical variables and continuous variables were analysed with 

ANOVA and Student´s t-test, respectively. 

The Kolmogorov-Smirnov test indicated an approximatively normal distribution in PWV at 

baseline and in change of PWV from baseline to follow-up. Multiple linear regression was 

therefore carried out to examine the association between changes in PWV from baseline to 

follow-up in paper III. To adjust this association for possible confounding factors the 

regression analyses were adjusted for sex, age, diabetes duration, HbA1c, BMI, systolic blood 

pressure, PWV at baseline, beta-blockers, statins, unemployment, smoking and diabetic 

treatment. Possible differences in continuous variables, e.g. age, blood pressure, between the 

four physical activity groups were tested with ANOVA and Student´s t-test. The Pearson 

correlation coefficient was used to measure the strength of the linear association between 

baseline steps/day and PWV. 

In the survival analyses in paper IV, Cox regression proportional hazard model was used to 

explore the association between vitamin D, parathyroid hormone and all-cause mortality. The 

statistical significance of between-group differences were tested with unpaired Student´s t-

tests for continuous variables, and with the Chi-Square test for dichotomous variables. 

Estimates of adjusted between-group differences were obtained by multiple regression 

analysis. To assess strengths of correlations between continuous variables, Pearson correlation 

coefficients were calculated. 
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All tests were two-sided and statistical significance was assumed when p<0.05. SPSS for 

Windows 18.0-22.0 was used for statistical analysis. 

Ethical considerations 

All studies complied with the Declaration of Helsinki. Written informed consent was obtained 

from each participant at each participating site. The studies were approved by the Regional 

Ethical Review Board at Linköping University, Sweden, nr 26-05 (CARDIPP), nr 26-05, T80-

06 (CAREFUL) and nr 26-05, 2013/194-32 (mortality/hospital discharge diagnosis). All 

participants could withdraw at any point if they chose to. All data were unidentified, 

presented on a group level and specific participants could not be singled out or identified. 
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RESULTS 

Paper I 

The main finding was that patients with a non-dipping systolic blood pressure pattern showed 

higher left ventricular mass index and PWV compared with patients with ≥10% decline in 

nocturnal systolic blood pressure. Patients with <10% decline in nocturnal systolic blood 

pressure had higher BMI and sagittal abdominal diameter, lower GFR and higher ACR and 

also higher levels of NT-proBNP than patients with a ≥10% decline in the nocturnal systolic 

blood pressure. There were no difference between the dipping and non-dipping groups with 

respect to age, diabetes duration, HbA1c and CRP. The results are shown in Table 1 and 

Table 2. 

 

Table 1 Differences in baseline characteristics according to nocturnal systolic  

blood pressure dipping status 

 ≥10 % dipping 

n=433 

<10 % dipping 

n=230 

 

 m  (SD) m  (SD) p 

----------------------------------------------------------------------------------------------------------------- 

Age (years) 60.6  (3.1) 60.9  (3.0) ns 

Diabetes duration (years) 7.1  (6.4) 7.8  (5.8) ns 

BMI (kg/m2) 29.9  (4.6) 30.7  (4.7) 0.036 

Waist circumference (cm) 103.9  (11.7) 105.7  (11.9) ns 

Sagittal abdominal diameter (cm) 25.3  (3.7) 26.1  (3.8) 0.013 

Office Systolic blood pressure (mm Hg) 136.0  (16.2) 139.0  (16.4) 0.024 

Office Diastolic blood pressure (mm Hg) 79.7  (9.7) 80.8  (10.7) ns 

Aortic pulse wave velocity (m/s) 10.1  (2.1) 10.8  (2.1) <0.001 

Left ventricular mass index (g/m2) 119.3  (29.4) 125.0  (31.8) 0.038 

HbA1c (%) 6.0  (1.1) 6.2  (1.1) ns 

GFR (mL min-1/1.73 m2) 100.2  (25.7) 88.6  (20.7) 0.001 

ACR (mg/mmol) 2.0  (9.7) 5.0  (17.1) 0.004 

NT-proBNP (ng/L) 92.3  (145.3) 130.6  (206.3) 0.010 

CRP (mg/L) 3.3  (4.4) 4.1  (6.4) ns 

----------------------------------------------------------------------------------------------------------------- 

BMI = Body mass index 

GFR = Glomerular filtration rate 

ACR = Albumin : creatinine ratio 

CRP = C-reactive protein 
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Comments 

The study showed that there were significant differences in PWV, microalbuminuria, ACR, 

GFR and NT-proBNP between nocturnal systolic blood pressure dippers and non-dippers. 

There was also a significant difference between dippers versus non-dippers with respect to 

office systolic blood pressure. What this study adds is knowledge about circadian blood 

pressure variation and its association with both macro- and microvascular subclinical organ 

damage in an unselected cohort of patients with type 2 diabetes of whom the majority were on 

antihypertensive drugs but also patients with no antihypertensive medication. 

The clinical implication from this study is that ambulatory blood pressure recording, which is 

a simple and available method in primary care, can by addressing the issue of diurnal blood 

pressure variation give information about early cardiovascular organ damage and 

microvascular complications that goes beyond effects of standardised office blood pressure 

measurements. 

Paper II 

Table 3 shows the main finding that the number of steps/day were significantly associated 

with lower BMI, waist circumference and sagittal abdominal diameter as well as low levels of 

CRP, low levels of interleukin-6 and low PWV. 

Table 4 shows the association between baseline steps/day and self-reported frequency of 

physical exercise over a typical 7-day period. Patients with high steps/day had reported >5 h 

exercise per week and patients who had reported no exercise had the lowest steps/day. 

Figure 2 shows data on pulse wave velocity by tertiles of BMI and steps/day. 

Figure 3 shows data on interleukin-6 by tertiles of waist circumference and steps/day. 
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Figure 2. Pulse wave velocity (PWV) by tertiles of pedometer counts and BMI. 
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Figure 3. Levels of IL-6 by tertiles of pedometer counts and waist circumference. 
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Comments 

We found in this observational cross-sectional study that pedometer-determined physical 

activity was associated not only with less general and abdominal obesity, but also with low 

systemic inflammation and arterial stiffness. As adipose tissue produces the pro-inflammatory 

cytokine interleukin-6, as well as other possibly atherogenic factors, there is a possible link 

between abdominal obesity and increased inflammatory response in the atherosclerotic 

process. It may be assumed that the association between the inflammatory markers and 

steps/day can be explained simply by the strong correlation between abdominal obesity and 

steps/day. However, this may not be entirely true at least not for interleukin-6, as the 

association between interleukin-6 and steps/day remained statistically significant after 

adjustment for waist circumference. This independent role of inflammation is also supported 

by studies reporting anti-inflammatory effects of exercise training independently of weight 

reduction in patients with type 2 diabetes. 

 

Paper III 

Table 5 illustrates is the change in PWV (ΔPWV) from baseline to the 4-year follow-up. The 

group with the lowest steps/day at baseline had a significant higher increase in ΔPWV 

compared with group with the highest steps/day. 

To further explore the associations between baseline steps/day and ΔPWV, we adjusted the 

associations for sex, age, diabetes duration, HbA1c, BMI, systolic blood pressure, PWV at 

baseline, β-blockers, statins, unemployment, smoking and diabetes treatment in a multivariate 

linear regression analysis in Table 6 and the association still remained statistically significant 

(p=0.005). We found that 23% of the variation in the study could be explained by our model. 

Every 1000 extra steps at baseline reduced the change in ΔPWV by 0.103 m/s between 

baseline and follow-up. 
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Comments 

Baseline levels of daily physical activity assessed by pedometer had an inverse association 

with the subsequent development of arterial stiffness. High level of daily physical activity had 

a protective role over time independently of BMI, diabetes duration, HbA1c and systolic 

blood pressure. The use of pedometers is feasible in clinical practice and provides objective 

information about physical activity but also the future risk for subclinical organ damage. 

 

Paper IV 

Compared with 129 non-diabetic controls the 717 patients with type 2 diabetes had 

significantly lower levels of vitamin D but there was no significant difference concerning 

levels of parathyroid hormone. The patients with type 2 diabetes had also significantly higher 

BMI, waist circumference and ambulatory systolic blood pressure, and significantly higher 

PWV and intima-media thickness. In a multivariate regression model, the association between 

prevalent type 2 diabetes and lower vitamin D levels remained significant after adjustment for 

age, gender and BMI. There was no difference in mean parathyroid hormone between men 

and women. 

Nineteen patients with type 2 diabetes reported taking vitamin supplements on a regular basis 

that was judged likely to contain vitamin D and these patients were excluded from the 

correlation and survival analyses, yielding a final cohort of 698 patients with type 2 diabetes. 

Cox regression was performed separately in men and women since gender differences are 

well established among several cardiovascular risk factors. During the follow-up period of a 

median six years, 24 men and 9 women died. 

The main finding was that low vitamin D levels were associated with significantly increased 

risk for premature mortality in men with type 2 diabetes. This relationship was still 

statistically significant also when two other well-established risk markers for mortality, PWV 

and carotid intima-media thickness, were added to the analyses. Figure 4 shows Cox 

regression analysis of total mortality in men with type 2 diabetes in the upper and lower 

tertiles of levels of vitamin D in. High levels of parathyroid hormone were associated with 

significantly increased risk for premature mortality in women with type 2 diabetes. This 

relationship was still statistically significant also when two other well-established risk 

markers for mortality, PWV and carotid intima-media thickness, were added to the analyses. 

Figure 5 shows the corresponding analysis of mortality in women with type 2 diabetes for 

levels of parathyroid hormone in the higher and lower tertiles. These associations were 
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independent of both traditional and new markers of risk, such as ambulatory blood pressure, 

PWV and carotid intima-media thickness. 

 

 

 

 

 
Figure 4. Cox regression analysis of total mortality in male patients with type 2 diabetes 

in relation to vitamin D tertiles 
Data are shown for upper (dashed line) and lower tertiles (continuous line) of levels of 

vitamin D adjusted for parathyroid hormone levels, HbA1c, waist circumference, age, 24-hour 

systolic ambulatory blood pressure, serum-apoB, carotid-femoral PWV and carotid IMT.  
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Figure 5. Cox regression analysis of total mortality in women with type 2 diabetes in 

relation to levels of parathyroid hormone levels  
The dashed line represents upper tertile and the continuous line the risk in patients with levels 

in the lower tertile of parathyroid hormone levels after adjustments for levels of vitamin D, 

HbA1c, waist circumference, age, 24-hour systolic ambulatory blood pressure, serum-apoB, 

carotid-femoral PWV and carotid IMT.  
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Comments 

Low vitamin D levels were associated with significantly increased risk for premature 

mortality in men with type 2 diabetes. Likewise, high levels of parathyroid hormone were 

associated with significantly increased risk for premature mortality in women with type 2 

diabetes. These associations were independent of both traditional and new markers of risk, 

such as ambulatory blood pressure, PWV and carotid intima-media thickness. In summary, 

low vitamin D levels in men or of high parathyroid hormone levels in women gives 

independent prognostic information of an increased risk for total mortality in middle-aged 

patients with type 2 diabetes. 
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DISCUSSION 

This thesis is based on data from the CARDIPP research program and CARDIPP is a large 

cohort of middle-aged patients with type 2 diabetes in the southern part of Sweden. The 

patients were recruited from primary care health centres localised in both urban and rural 

areas, as well as from areas with both high and low socioeconomic statuses. The aim, when 

planning the study, was to consequently include all patients with type 2 diabetes in the age-

span 55-66 at the selected 22 primary health care centres excluding as few patients as 

possible. 

The aim of this thesis was to cross-sectionally and prospectively analyse the associations 

between new aspects of cardiovascular risk factors as blood pressure, pedometer-determined 

physical activity and vitamin D with subclinical cardiovascular organ damage. 

In summary, this thesis concludes that ambulatory blood pressure recording can by addressing 

the issue of diurnal blood pressure variation, explore early cardiovascular organ damage and 

microvascular complications that goes beyond effects of standardised office blood pressure 

measurements. 

Furthermore, we have shown that pedometer-determined physical activity may serve as a 

surrogate marker for inflammation and subclinical organ damage in patients with type 2 

diabetes. This finding provides novel support for the durable vascular protective role of a high 

level of daily physical activity, which is independent of BMI and systolic blood pressure. The 

use of pedometers is feasible in clinical practice and provides objective information not only 

about physical activity but also the future risk for subclinical organ damage in middle-aged 

people with type 2 diabetes. 

Finally, our results indicate that low vitamin D levels in men or high parathyroid hormone 

levels in women give independent prognostic information of an increased risk for total 

mortality. 

Are the results, derived from the CARDIPP research program presented in this thesis, 

generalizable to the vast majority of patients with type 2 diabetes? The only excluding criteria 

in the CARDIPP study was inability to understand Swedish and severe disease with short 

expected survival. Patients with previous myocardial infarction or stroke were not excluded. 

However, the coverage of patients recruited from each centre did differ due to local 

conditions. There were considerably more men compared to women included in the 

CARDIPP study. The main reason for this phenomenon could probably be explained by the 

fact that there are more men compared to women diagnosed with type 2 diabetes in the ages 

55-66 years as men tend to develop type 2 diabetes at an earlier age compared to women. 

Considering the large number of patients included it is likely that the cohort is representative 

for middle-aged men and women with type 2 diabetes in Swedish primary care. 
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Strengths and limitations 

One strength of the CARDIPP study was the large study population recruited from 22 

different health care centres and the homogeneity of the study population diminishing 

possible confounders due to local treatment traditions and increases the generalisability of the 

results. To be able to draw conclusions within reasonable time after launch of the study there 

was a need for intermediate endpoints. In the coming ten or more years there will be 

interesting data on hard endpoints as cardiovascular events and mortality in the CARDIPP 

cohort. 

However, the CARDIPP study has several important limitations. The observational design of 

the study precludes any definite conclusions about causality between dipping in blood 

pressure or pedometer-determined physical activity on arterial stiffness.  

The exact mechanism behind the effect of physical activity on cardiovascular disease is 

unclear and is likely to involve multiple factors as the effect on insulin sensitivity and blood 

pressure (67, 68). Some of the positive effect on physical activity intervention between active 

group versus placebo have been shown after many years in some studies. The follow-up after 

four years in CARDIPP may be too short time. Furthermore, non-vigorous level of physical 

activity may be more frequent in participants with an impaired health condition per se 

compared with participants who chose to be more physically active. It was not possible to 

adjust for some potentially important confounders such as the intensity of physical activity, 

compliance and dietary data. The follow-up response rate of 57% after four years was also a 

limitation. Furthermore, the number of days during which pedometer-data was obtained was 

lower in CARDIPP compared to some other studies in the field (76). 

The observational design also precludes any definite conclusions about causality between 

vitamin D, parathyroid hormone and mortality, respectively. Only the total mortality has been 

studied even if the cardiovascular mortality is the most important. 

Clinical implications and future research 

In Sweden, patients with type 2 diabetes are treated in primary care by general practitioners 

and nurses especially educated in diabetes care. Patients with type 2 diabetes represent a 

group of resource demanding, aging patients with a lot of co-morbidity. There is a need to 

perform studies in patients with type 2 diabetes in primary care by primary care physicians 

and nurses in order to use feasible tools and markers in the context of primary care and 

patients with complex co-morbidities. 

The clinical implications of the results from the study with ambulatory blood pressure and the 

diurnal systolic blood pressure pattern is that 24 hours monitoring gives additional and 

independent information on sub-clinical organ damage. A non-dipping pattern indicates more 

arterial stiffness and sub-clinical damage of the kidneys. Therefore, it is important with strict 
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blood pressure control to avoid further damage and also to avoid cardiovascular events in 

these patients with higher risk. 

The results from the study of pedometer-determined physical activity indicate that physically 

active patients have less arterial stiffness and lower grade of inflammation and therefore 

probably have a better prognosis in terms of cardiovascular disease compared with less active 

patients. The use of pedometers is feasible in clinical practice and provides objective 

information not only about physical activity but also the future risk for subclinical organ 

damage in middle-aged people with type 2 diabetes. 

We need randomised clinical trials to investigate the roll of vitamin D. Five trials including 

2150-20 000 patients aged 50 years or older are in progress, testing whether vitamin D 

supplementation at 40-80 μg per day can reduce the risk of cancer, cardiovascular diseases, 

diabetes mellitus, infections, declining cognitive functions, and fractures (133). Even if the 

Look Ahead trial was stopped early on the basis of a futility analysis there is a need for more 

prospective and randomised trials to determine the value of intervention with physical 

activity. 
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CONCLUSIONS 

General conclusion 

Pedometer-determined physical activity and the nocturnal dipping of systolic blood pressure 

is associated with the arterial stiffness in middle-aged patients with type 2 diabetes. The levels 

of vitamin D and parathyroid hormone give information about the risk for premature all-cause 

mortality in middle-aged patients with type 2 diabetes, gender specifically. 

Specific conclusions 

 By addressing the issue of diurnal systolic blood pressure variation, the use of 

ambulatory blood pressure recording adds additional information about prevalent 

cardiovascular organ damage and microvascular complications that goes beyond the 

information of standardised office blood pressure measurements. 

 

 Pedometer-determined physical activity may serve as a surrogate marker for 

inflammation and subclinical organ damage in patients with type 2 diabetes. 

 

 Baseline levels of daily physical activity assessed by pedometer showed an inverse 

association with the subsequent risk of arterial stiffness which was consistent after 

four years of follow-up. 

 

 Low vitamin D levels in men and high parathyroid hormone levels in women were 

associated with an increased risk for total mortality. 
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POPULÄRVETENSKAPLIG 
SAMMANFATTNING 

Diabetes typ 2 är en kronisk folksjukdom som blir vanligare över hela världen och de främsta 

orsakerna är övervikt och för lite fysisk aktivitet. Oftast har sjukdomen en smygande debut 

utan symptom tidigt i förloppet. Personer som drabbas av diabetes typ 2 har en ökad 

sjuklighet och för tidig död jämfört med friska individer. Den vanligaste dödsorsaken är hjärt-

kärlsjukdomar och individer i medelåldern med diabetes typ 2 har åtminstone fördubblad risk 

att drabbas av hjärtinfarkt och stroke. 

För att kunna påbörja och individuellt anpassa förebyggande behandling som motverkar 

denna förhöjda risk är det viktigt att ha kliniskt lättillgängliga och tillförlitliga riskmarkörer 

för hjärt-kärlsjukdom. Väletablerade och i stora randomiserade kliniska studier 

väldokumenterade riskmarfaktorer är blodtryck, blodfetter, övervikt och rökning. Om dessa 

riksfaktorer motverkas minskar risken för hjärt-kärlsjukdom. Hjärt-kärlsjukdom orsakas av 

ateroskleros som består av en tilltagande stelhet och förträngning av blodkärlen. 

Syftet med den här avhandlingen var att utvärdera nya riskmarkörer för hjärt-kärlsjukdom hos 

patienter med diabetes typ 2. Studien har genomförts på 22 vårdcentraler i Östergötland och 

Jönköping och sammanlagt 761 patienter med diabetes typ 2 i åldern 55-66 år deltog. Efter 

fyra år genomfördes en återundersökning av samtliga patienter. En kontrollgrupp med 

individer utan diabetes typ 2 undersöktes också. 

I delarbete I mättes blodtrycket med automatisk blodtrycksmätning i ett dygn. Delarbete I 

visade att patienter som inte sjönk i sitt blodtryck nattetid hade mer tecken på tidig kärlstelhet, 

förstorad hjärtmuskel och nedsatt njurfunktion jämfört med patienter med normal nattlig 

blodtryckssänkning. 

Delarbete II och III visade att med stegräknare definierat fysisk aktiva patienter med diabetes 

typ 2 hade mindre kärlstelhet jämfört med inaktiva och stillasittande. Denna effekt sågs både 

vid den första tvärsnittsundersökningen samt vid återundersökningen efter fyra år. 

Delarbete IV visade att låga nivåer av vitamin D hos män med diabetes typ 2 var förenat med 

ökad risk för tidig död. Höga nivåer av paratyroideahormon hos kvinnor med diabetes typ 2 

var förenat med ökad risk för tidig död. 
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