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Abstract 

Background: The Framingham Study from 1988 showed a heavy impact of 
diabetes mellitus (DM) on the risk and prognosis of cardiovascular disease 
(CVD). Several other studies have confirmed that DM is an independent risk 
factor for coronary heart disease (CHD) and that patients with DM have a 
poor prognosis. However, the strength of DM as a risk factor is debated. 
Some studies indicate that DM, as a risk factor for a coronary event, is 
comparable to already known or established CHD. Also, mechanisms of how 
diabetes increases the CVD risk are under intensive research. A novel risk 
factor such as altered fibrinolysis is one of the potential mechanisms 
explaining the heavy cardiovascular burden in diabetes. Hypofibrinolytic 
changes can be seen in individuals with metabolic syndrome, insulin 
resistance, and obesity as well as in patients with manifest diabetes or 
manifest CHD. 

Methods: This dissertation is divided in three parts; epidemiological, 
etiological and interventional. Papers I and II are epidemiological, 
population based retrospective studies which compare time trends in 
myocardial infarction and stroke morbidity and mortality between patients 
with or without diabetes. Papers III and IV have an etiological approach to 
the fibrinolytic system and CVD risk both in patients with or without 
diabetes. Paper V is the interventional part of this thesis studying if intensive 
insulin treatment can improve fibrinolysis in patients with high CVD risk. 

Results: The incidence and mortality from myocardial infarction and stroke 
have declined in the counties of Västerbotten and Norrbotten in Northern 
Sweden. Unfortunately, the subgroup with patients with diabetes and 
myocardial infarction (MI) in Paper I did not benefit from these favorable 
trends over the study period. For stroke, this is for the first time declining 
incidence has been reported in this population. Incidence of first-ever stroke 
decreased for non-diabetic men with a yearly change of -0.8 percent (p-value  
<0.001), and for diabetic women with a yearly change of -1.5 percent (p-
value=0.012). Recurrent stroke incidence declined highly significant, p-value  
<0.001, for non-diabetic men and women and for diabetic women with a 
yearly change of -1.5, -2.7, and -5.4 percent, respectively. For diabetic men a 
non-significant decline of -1.0 percent (p-value=0.28) in stroke incidence 
was seen. Paper II showed that women with diabetes had decreased 
incidence for stroke but not men with diabetes. Also, reduced mortality from 
stroke was found in all patients except for diabetic women with first ever 
stroke.  
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Patients with diabetes have altered fibrinolysis compared to individuals with 
normal glucose metabolism. Also, patients with prior MI manifest a 
hypofibrinolytic stage with low tissue-type plasminogen activator (tPA) 
activity and high levels of plasminogen activator inhibitor-1 (PAI-1) and 
fibrinogen. Paper III showed a significant association between decreased tPA 
activity and increased fibrinogen levels in patients with a first MI when 
examined 3 months after the event. The results persisted even after 
adjustment for traditional risk factors and variables mirroring the insulin 
resistance syndrome and were significant in the whole study group of 
subjects with MI as well as for men alone. 

Paper IV, a 10 year follow-up study, showed that in patients with diabetes, 
tPA-activity significantly predicted the presence of sign(s) of lower extremity 
arterial disease (LEAD) at the baseline and at the 10-year follow-up. In 
addition, tPA-mass at the 10-year follow-up was associated with signs of 
LEAD. Baseline age, hypertension, and HbA1c were independently 
associated with sign(s) of LEAD at 10 years. This long-term study supports 
previous findings of a significant association between asymptomatic LEAD 
and tPA-activity. Thus, tPA-activity may be an early marker of LEAD, 
although the mechanism of this relationship remains unclear.  

Several studies report conflicting results regarding benefits and 
disadvantages of intensive insulin treatment. ORIGIN trial was an 
international multicenter trial studying effects of intensive insulin treatment 
on CVD. This thesis reports a Swedish sub-study of ORIGIN trial examining 
effects of insulin treatment on fibrinolysis. The allocation to insulin 
treatment did not significantly affect the studied fibrinolytic markers or von 
Willebrand factor (VWF) compared to the standard treatment. Log mean 
delta values between baseline and end of study increased significantly for 
tissue plasminogen activator activity (tPAact) and tPA/PAI-1 complex. For 
plasminogen activator inhibitor-1 (PAI-1), tPA antigen (tPAag) and VWF no 
significant differences were found. Within-group analysis during the whole 
study period revealed significant changes for tPA/PAI-1 complex, tPA 
antigen, and VWF in the insulin treatment group but no significant changes 
in the standard treatment group.  

The hypothesis that allocation to insulin treatment would improve the levels 
of markers of fibrinolysis or VWF compared to standard glucose lowering 
treatment could not be verified.  
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Conclusion: This dissertation shows that patients with diabetes still have a 
heavy cardiovascular disease burden with increased risk for MI and stroke 
compared to individuals with normal glucose metabolism. This 
cardiovascular burden also includes increased morbidity, mortality, and 
poorer long-term prognosis. The fibrinolytic system has an impact on 
cardiovascular disease and this thesis has shown that patients with diabetes 
have unfavorable changes in their fibrinolysis and that alterations in 
fibrinolysis can predict future peripheral artery disease. However, intensive 
insulin therapy did not appear to affect this system to the extent of resulting 
in reduced cardiovascular morbidity. 
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Sammanfattning (Summary in Swedish) 

Diabetes bakgrund: Diabetes Mellitus är en av de vanligaste kroniska 
sjukdomarna i världen. Diabetesförekomsten har ökat påtagligt de senaste 
årtiondena. Ökningen beror på ökat insjuknande på grund av 
livsstilsförändringar med minskat fysisk aktivitet och ökad övervikt och även 
på grund av förbättrad diagnostik. Även förbättrad sjukvård med ökad 
överlevnad hos patienter med diabetes samt fler andel äldre ökar andelen 
diabetes patienter i befolkningen. Enligt WHO har antalet patienter med 
diabetes stigit från 30 miljoner år 1985 till 171 miljoner år 2000 då 
uppskattningsvis 4,6 % av vuxenbefolkning har diabetessjukdomen. 
Majoriteten, ca 80 % har diabetes typ 2. WHO:s prognos visar fortsatt kraftig 
ökning av diabetes med ca 550 miljoner drabbade år 2030. Majoriteten av 
denna förändring förklaras av diabetes typ 2 som i framtiden beräknas 
utgöra 90-95% av all diabetes.  

Diabetes är fortsatt den viktigaste bakomliggande orsaken till terminal 
njursvikt i industriländer och en av de vanligaste orsakerna till blindhet i 
världen. Diabetes innebär en kraftigt ökad risk för hjärt- och kärlsjukdomar. 
Patienter med diabetes som drabbats av hjärt- och kärlsjukdom såsom 
hjärtinfarkt eller stroke har ofta sämre prognos, både akut och på långsiktigt, 
jämfört med patienter utan diabetes. På grund av att diabetes är en kronisk 
sjukdom med många, ofta svåra och kostsamma, komplikationer står 
diabetesrelaterade sjukvårdskostnader för en betydande del av totala de 
sjukvårdskostnaderna i världen varierande mellan 2,5 – 25 % av olika 
länders sjukvårdsbudget. 

Diabetes och risk för hjärt- och kärlsjukdomar: De klassiska risk-
faktorerna för hjärt- och kärlsjukdomar är ålder, rökning, högt blodtryck, 
högt kolesterol, låg fysisk aktivitet/övervikt och ärftlighet. Lägger man till 
diabetes till dessa riskfaktorer får man påtagligt ökad risk för kärlsjukdomar 
som hjärtinfarkt, stroke och perifer kärlsjukdom. Mekanismerna bakom 
denna överrisk av diabetes är fortfarande åtminstone till viss del oklara och 
aktuella för intensiv forskning och debatt.  

Sannolikt har tiden före diabetesdiagnosen, prediabetes, betydelse då vi vet 
att vid tidpunkt för diagnos har patienterna med typ 2 diabetes haft störd 
sockeromsättning varierande länge, oftast sannolikt flera år. Andra tänkbara 
diabetesrelaterade orsaker för ökad hjärt- och kärlsjuklighet kan vara 
kronisk inflammation, blodets störda levringsfunktion (hypofibrinolys), 
nedsatt funktion i blodkärlen (endoteldysfunktion), ogynnsam blodfetts-
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profil, kroniskt höga insulinnivåer och även sannolikt direkt skadlig effekt av 
det höga sockret på flertal celler och organ i kroppen. 

Framtidens behandlingsmöjligheter: Aktuella behandlingsriktlinjer 
betonar vikten av att betrakta individer med diabetes som högriskpersoner 
avseende hjärt- och kärlsjukdomar oavsett förekomst av känd kärlsjukdom. 
Sjukvården ska primärpreventivt intensivbehandla de traditionella 
riskfaktorerna hos individer med diabetes. Det är dock uppenbart att 
personer även med helt optimalt behandlade riskfaktorer som blodtryck och 
kolesterol och även optimal sockerkontroll har fortsatt högre risk för hjärt- 
och kärlsjukdomar, så kallad residual risk, jämfört med personer utan 
diabetes. Det är viktigt att i framtiden försöka klargöra vilka faktorer som 
utgör denna residual risk och utveckla behandlingsmöjligheter mot dessa 
faktorer. Det är sannolikt av största vikt att tidigt identifiera individer med 
störd sockeromsättning och risk för utveckling av diabetes. Sjukvården bör 
sträva efter att minimera de negativa effekterna av prediabetes och 
förebygga progress till manifest diabetes. 

Avhandlingens syfte: Att kartlägga hur effektiv den traditionella 
riskfaktorbehandlingen har varit i att förebygga hjärt- och kärlsjukdomar, 
särskilt hjärtinfarkt och stroke, hos patienter med diabetes. I avhandlingen  
studeras närmare en av de icke traditionella riskfaktorerna nämligen i det 
blodproppsupplösande systemet, fibrinolysen. Det är numera välkänt att 
diabetes i sig påverkar fibrinolyssystemet ogynnsamt och att vissa 
diabetesläkemedel kan påverka fibrinolysen gynnsamt. Vi har studerat om 
förändringar i fibrinolysen kan prediktera perifer kärlsjukdom hos patienter 
med diabetes och om intensiv insulinbehandling kan påverka detta 
fibrinolyssystem. 

Resultat: Avhandlingen visar att insjuknandet och dödlighet i hjärtinfarkt 
och stroke har minskat i Västerbotten och i Norrbotten. För stroke var det 
första gången ett minskat insjuknande kunde rapporteras för denna 
population. Tyvärr har inte patienter med diabetes och hjärtinfarkt fått ta del 
av dessa gynnsamma trender under studerad tid.  

För stroke har kvinnor med diabetes fått minskat insjuknande men inte män 
med diabetes. Strokestudien kunde också redovisa minskat dödlighet i stroke 
för alla patienter utom kvinnor med diabetes med en förstagångs 
insjuknande i stroke.  

Patienter med diabetes har påverkad fibrinolys jämfört med personer med 
normal glukosmetabolism. Även patienter med tidigare hjärtinfarkt uppvisar 
ett hypofibrinolytisk tillstånd med låg tPA-aktivitet och höga nivåer av PAI-1 
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och fibrinogen. Arbete III visade en association mellan låg tPA-aktivitet och 
höga nivåer av fibrinogen hos patienter med förstagångs hjärtinfarkt. Detta 
samband kvarstod även efter justering med traditionella riskfaktorer. Arbete 
IV, en 10 års uppföljning visade hos patienter med diabetes att tPA-aktivitet 
kan prediktera förekomsten perifer kärlsjukdom vid baslinjen och även vid 
10-års uppföljning. Dessutom var tPA-mass vid 10-års uppföljning 
associerad med perifer kärlsjukdom. Av de traditionella riskfaktorerna var 
ålder, hypertension och HbA1c vid studiestart oberoende associerade med 
förekomst av perifer kärlsjukdom vid 10 års uppföljning. Denna 
långtidsstudie stöder tidigare fynd av ett signifikant samband mellan 
asymtomatisk perifer kärlsjukdom och tPA-aktivitet. Sålunda kan tPA-
aktivitet vara en tidig markör av perifer kärlsjukdom, även om, den bakom 
liggande mekanismen för detta är fortfarande oklart. 

Flera större studier rapporterar motstridiga resultat beträffande för- och 
nackdelarna med intensiv insulinbehandling. ORIGIN studien var en 
internationell multicenterstudie som undersökte effekterna av intensiv 
insulinbehandling på hjärt- och kärlsjukdomar. I arbete V med ORIGIN-
studiens svenska kohort undersöktes effekterna av insulinbehandling på 
fibrinolys. Randomisering till insulinbehandling hade ingen signifikant 
effekt på de studerade fibrinolytiska markörerna eller von Willebrand 
faktorn VWF jämfört med standardbehandling. Logaritmerade 
medeldeltavärden mellan baslinjen och studie slutet ökade signifikant för 
tPA-aktivitet och tPA/PAI-1-komplexet. För PAI-1, tPA-antigen och för VWF 
kunde inga signifikanta skillnader visas. Inom-gruppsanalys över hela 
studieperioden visade signifikanta förändringar för tPA/PAI-1-komplexet, 
tPA-antigen och VWF i insulingrupp men inga signifikanta förändringar för 
patienter med standardbehandling. Hypotesen att randomisering till 
insulinbehandling skulle förbättra nivåerna av fibrinolysfaktorer eller VWF 
jämfört med standardbehandling kunde inte verifieras 

Konklusion: Denna avhandling visar att patienter med diabetes har 
fortsatt ökad risk för hjärtinfarkt och stroke jämfört med individer med 
normal sockeromsättning. Denna överrisk betyder för patienter med 
diabetes en ökad risk för insjuknande, svårare sjukdomstillstånd och sämre 
prognos med ökad risk för återinsjuknande samt även högre dödlighet både 
på kort och lång sikt. Även andra aktuella studier rapporterar en fortsatt 
hjärt- och kärlrelaterad överrisk hos patienter med diabetes. 
Fibrinolyssystemet har betydelse för hjärt- och kärlsjukdomar och denna 
avhandling visar att patienter med diabetes har ogynnsamma förändringar i 
sin fibrinolys, så kallad hypofibrinolys. Intensiv insulinbehandling förefaller 
inte påverka fibrinolysen till den grad att minskad hjärt- och kärlsjuklighet 
kan ses.  
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Introduction 

Diabetes mellitus 

Background – From history to future perspective  

The ancient Egyptians described a clinical condition comparable to diabetes 
as early as 1500 B.C. A person urinating excessively and losing weight 
characterized this condition. The term diabetes, first used by the Greek 
physician Aretaeus, (81-133 A. D.), indicates excessive urination associated 
with the disease. The word mellitus (honey) was added by Thomas Willis in 
1675 to reflect the sweet smell and taste of the patient’s urine. It was not 
until 1776 that Matthew Dobson actually measured the concentration of 
glucose in the urine of such patients and found it to be increased [1]. 

Diabetes was acknowledged as a clinical condition in the early 19th century. 
The prevalence of diabetes was unknown and very little was identified about 
the underlying mechanisms responsible for this condition. No effective 
treatment was available, and diabetes led to deadly outcome shortly after 
diagnosis.  

In the mid-19th century, Claude Bernard showed that the liver plays a 
central role in producing glucose and regulating blood glucose levels [2]. In 
the late 19th century, Mering and Minkowski found that removing the 
pancreas from dogs resulted in fatal diabetes, thus providing the first 
evidence that the pancreas played a central role in blood glucose regulation 
[2, 3].  

In 1910, EA. Sharpey-Schafer postulated that diabetes was due to the lack of 
a substance produced by the pancreas. He called this chemical substance 
insulin, from the Latin word insula, meaning island and referring to the 
pancreatic islet cells of Langerhans.  

In 1921, Frederick Banting (Nobel Prize 1923) and Charles Best showed that 
they could reverse diabetes that had been induced in dogs with an extract 
from the pancreatic islet cells of healthy dogs [4, 5] and thus insulin was 
discovered. Together with James Collip and John Macleod (Nobel Prize 
1923), they purified the hormone insulin from bovine pancreases and were 
the first to use it to treat a patient with diabetes. The production of insulin 
and its therapeutic use spread quickly throughout the world and people with 
insulin deficiency with previously poor prognosis were now able to survive.  
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After these initial findings many important discoveries have been made both 
in the understanding of the underlying causes of diabetes and in its 
prevention and treatment. The study of diabetes and glucose metabolism has 
granted 10 Nobel Prizes for diabetes related investigations between 1923 and 
1992.  

We know now that diabetes is a complex heterogeneous condition. Type 1 
diabetes is due to selective autoimmune insulin deficiency, predominantly in 
young people. Type 2 diabetes is far more common and the majority of 
patients are overweight. The increase of obesity in populations due to diet 
changes and a physically inactive lifestyle is the most important factor 
associated with the increased prevalence of type 2 diabetes. Individuals most 
likely to have type 2 diabetes are older, although the age of onset is declining 
and type 2 diabetes is no longer uncommon among teenagers and young 
adults. 

In 1936 Harold Himsworth postulated that many patients with diabetes have 
insulin resistance rather than insulin deficiency [6]. We now know that both 
insulin resistance and impaired beta-cell function are fundamental in the 
pathogenesis of type 2 diabetes [7]. We currently often refer to a clinical 
condition called metabolic syndrome which includes insulin resistance, 
obesity, hypertension, and dyslipidemia [8]. Individuals with metabolic 
syndrome are at high risks for glucose intolerance, diabetes, and 
cardiovascular disease and should be targeted for preventive strategies.  

Diabetes is still associated with severe complications and a shortened life 
expectancy, but the prognosis for patients with diabetes has improved 
radically. Many effective therapies are now available for treating diabetes 
and its complications. Prevention and treatment of diabetes and its 
complications have undergone remarkable improvements. Insulin treatment 
has improved greatly both regarding new advanced insulin analogues and 
new innovative devices for insulin injections and blood glucose monitoring. 
Treatment with angiotensin receptor blockade, angiotensin converting 
enzyme inhibition, prevents diabetic nephropathy. Active uremia treatment 
with dialysis or kidney transplantation has improved the quality of life and 
extended the lives of patients with advanced diabetic kidney disease. Laser 
photocoagulation has preserved the vision of millions of patients with 
diabetic retinopathy. Results from islet-cell and pancreas transplantation 
treatment and clinical studies have also been encouraging.   

Recent years’ bariatric surgery has shown the ability to prevent type 2 
diabetes in obese persons with high risk for diabetes. Also, for patients with 
type 2 diabetes, bariatric surgery has shown to be more effective than either 
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standard or intensive medical therapy alone in lowering glucose levels and 
occasionally even in achieving disease remission [9].  

The Diabetes Control and Complications Trial (DCCT) showed that improved 
glucose control reduces microvascular complications in type 1 diabetes [10], 
and the United Kingdom Prospective Diabetes Study (UKPDS) showed the 
same for type 2 diabetes [11]. Intensive insulin therapy seems to improve 
outcomes at least in surgical intensive care patients [12]. For medical 
intensive care patients intensive insulin therapy significantly reduced 
morbidity but not mortality [13]. Although it is well established that 
hyperglycemia predicts adverse long-term outcome after acute coronary 
events [14, 15] the intensity of the treatment of hyperglycemia and its effects 
on cardiovascular outcomes and mortality are under intensive debate. The 
DIGAMI-1 study showed that improved glucose control with insulin 
treatment resulted in a significant decrease in long-term mortality [14]. 
These findings were, however, not verified in the DIGAMI-2 trial [16]. A post 
hoc analysis of the DIGAMI II study suggested that insulin treatment may 
actually be inferior to conventional management with oral glucose-lowering 
drugs [17]. A similar conclusion was provided from the Euro Heart Survey on 
Diabetes and the Heart [18]. Because of continuing uncertainty regarding if 
intensive glycemic control can reduce the risk of cardiovascular disease 
(CVD) in people with type 2 diabetes, several large long-term trials were 
launched in the past decade to compare the effects of intensive versus 
standard glycemic control on CVD outcomes in relatively high-risk 
participants with established type 2 diabetes. In 2008, two of these trials, 
Action in Diabetes and Vascular Disease-Preterax and Diamicron Modified 
Release Controlled Evaluation (ADVANCE) [19] and the Veterans Affairs 
Diabetes Trial (VADT) [20], were completed and showed no significant 
reduction of cardiovascular outcomes with intensive glycemic control. A 
third trial, Action to Control Cardiovascular Risk in Diabetes (ACCORD) 
[21], terminated its glycemic control study early due to the finding of 
increased mortality in participants randomized to an intensive glycemic 
control group with a target HbA1C of <6%. The findings of these trials led the 
American Diabetes Association (ADA), the American Heart Association 
(AHA) and the American College of Cardiology Foundation (ACCF) to 
reconsider the recommendations for glycemic targets in patients with 
diabetes [20, 22-25]. The causes for these differences between studies are 
uncertain. In type 2 diabetes, multiple factors increase the predisposition to 
cardiovascular disease. Treatment of hyperlipidemia and hypertension 
appears to be more effective in reducing cardiovascular events than does 
treatment to lower glucose levels. Multifactorial intervention for example, 
performed by Steno-1 Study aimed to improve glucose control, blood 
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pressure, and dyslipidemia has shown a 50% reduction in cardiovascular 
mortality among patients with type 2 diabetes [26, 27]. 

While scientific progress has led to more effective diabetes prevention, the 
prospect of a cure for diabetes is still distant. In fact, very little progress has 
been made to diminish the burden of diabetes and we are possibly worse off 
now. Previously, insulin deficiency dominated the clinical presentation of 
diabetes and it is probable that people who had milder forms of 
hyperglycemia were often not diagnosed. At present, the spectrum of 
diabetes is very different. Diabetes type 1 with insulin deficiency now 
accounts for only about 10% of cases. The majority of patients has type 2 
diabetes with overweight, combined insulin resistance, and impaired insulin 
secretion. The prevalence of type 2 diabetes has been increasing 
dramatically, particularly in the past four decades, resulting in a worldwide 
epidemic that has made diabetes one of the most common chronic illnesses 
[28, 29] with a huge and increasing part of the total global healthcare 
expenditure [30, 31]. While there is a global diabetes epidemic, the lowest 
rise in diabetes prevalence is seen in western Europe [32]. A study from 2015 
showed only a modest increase in diabetes prevalence in Sweden [33]. This is 
in contrast to the prevalence figures from most other countries [34], but 
consistent with other studies from Sweden in recent years [35-37]. The 
reason for the relatively modest increase in prevalence is unclear and 
probably depends on the influence of multiple factors shown in Figure 1 and 
discussed in detail in an article from 2005 [38]. 

 

 
 

Figure 1. Diabetes epidemiological model. Factors directly affecting the prevalence of 
diabetes. 

Diabetes prevention has gained more focus especially in team-based 
approaches to patient care involving physicians, nurses, nutritionists and 
other professionals. The Diabetes Prevention Program showed that physical 
activity and weight loss can reduce the risk of diabetes in predisposed 
persons by 58% [39]. Substantial effects are also seen after treatment with 
metformin [40, 41]. The challenge in applying the principles of diabetes care 
and prevention from the individual patient to the population reflects the 
unique challenges of implementing research findings and affecting 
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behavioral change. In Finland, the large scale diabetes program DEHKO and 
its general population level implementation project D2D showed that 
preventive actions can be implemented in primary health care and indeed 
generate new and good practices and models, many of which have been 
subsequently adopted by areas other than those initially participating in D2D 
[42]. Prevention of diabetes at the population level is essential. Lifestyle 
improvement will certainly be one of the success factors in reducing the 
global burden of diabetes.  

Definition of diabetes mellitus 

WHO defines diabetes as a chronic disease that occurs either when the 
pancreas does not produce enough insulin or when the body cannot 
effectively use the insulin it produces [43]. 

Diabetes and cardiovascular risk 

Risk factors for coronary heart disease (CHD) were more formally 
established by the Framingham Heart Study from 1988 with the 
Framingham risk score for developing incident CHD [44]. The Framingham 
Study showed a heavy impact of diabetes mellitus (DM) on the risk of, and 
for the prognosis in, cardiovascular disease (CVD). Several other studies 
have confirmed that DM is a major risk factor for coronary heart disease 
(CHD) and stroke and that patients with DM have increased morbidity, 
mortality, and a poorer prognosis [45-70]. However, the strength of DM as a 
risk factor is debated. Some studies indicate that DM, as a risk factor for a 
coronary event, is comparable to already known or established CHD [71-75]. 
This unfavorable prognosis for patients with diabetes is well demonstrated in 
study observing diabetic patients hospitalized for unstable angina or non–Q-
wave myocardial infarction and comparing 2-year morbidity and mortality 
between diabetic and non-diabetic (ND) patients [70]. These results are 
displayed in Figure 2. Diabetic patients with no previous cardiovascular 
disease have the same long-term morbidity and mortality as non-diabetic 
patients with established cardiovascular disease [68]. There are also studies 
reporting smaller CVD risk in diabetes patients compared to patients with 
known CHD but no diabetes [76-78].  
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Figure 2. Cumulative event curves for different outcomes in patients with and without 
diabetes. 2 years follow-up after hospitalization for acute coronary syndrome or NSTEMI. 
Reproduced with permission from Malmberg et al. Circulation. 2000;102:1014-1019, Copyright 
American Heart Association, Inc. 

The mechanisms of how diabetes increases the CVD risk are still not totally 
clarified and both traditional and novel risk factors are in intensive research 
focus [8, 79-85]. The understanding of these risk factors is critical to the 
prevention of cardiovascular morbidities and mortality. The well-established 
risk factors are often referred to as traditional or classic risk factors. The 
cardiovascular risk panorama cannot be explained entirely by traditional risk 
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factors. It is important to identify novel risk factors and biomarkers to gain 
further pathophysiological insight and new therapeutically possibilities. 
There are already many established or hypothetical non-traditional markers 
or novel risk factors. In this thesis fibrinolysis as such a risk factor is 
discussed. 

There is a great amount of support of altered fibrinolysis as a potential risk 
factor for the metabolic syndrome, for developing diabetes, and for CVD [86-
109]. Hypofibrinolytic changes can be seen in individuals with metabolic 
syndrome, insulin resistance, and obesity as well as in patients with manifest 
diabetes [110, 111]. An overview of some of the cardiovascular risk factors is 
displayed in Table 1. 

 
Table 1. Selected risk factors and biomarkers in cardiovascular disease.  
Reproduced with permission from Stampfer et. al,   Circulation. 2004;109:IV-3-IV-5, Copyright 
Wolters Kluwer Health, Inc. 

 

Traditional risk factors 

Conventional unmodifiable risk factors are older age; age over 45 years in 
men and over 55 years in women, sex, and family history of early heart 
disease. Modifiable risk factors are high blood cholesterol levels (specifically, 
low-density lipoprotein cholesterol [LDL-C], high blood pressure, cigarette 
smoking, diabetes mellitus/metabolic syndrome, obesity, lack of physical 
activity, and psychosocial factors [27, 55, 65, 112-119].  

Non-traditional, novel risk factors 

Several potential novel risk factors or biomarkers for cardiovascular risk 
have been suggested and for many of these scientific evidence exists [106, 
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120-123]. Chronic, often subclinical, inflammation is now considered as a 
potential risk factor both for developing type 2 diabetes and for CVD [124]. 
Renal disease is also recognized as a CVD risk as well as many biomarkers 
such as homocystein, CRP, and lipoprotein (a). Altered fibrinolysis with 
hypofibrinolysis as an etiological factor or at least as a marker for CVD has a 
main focus in this thesis. The ongoing progress in risk factor concept and 
risk management is illustrated in Figure 3. 

 

 
Figure 3. Changing paradigms in cardiovascular risk management.  
Reproduced with permission from Volpe, M. et al, Managing cardiovascular risk: the need for 
change. J Hum Hypertens, 2007. 22(2): p. 154-157. Fibrinolysis 

Hemostasis is the balance between coagulation and fibrinolysis. Coagulation 
is a vital process to stop bleeding from blood vessels via intrinsic or extrinsic 
systems reacting to the injury starting with platelet activation and adhesion 
and finally the formation of clot stabilizing fibrin. Fibrinolysis is the well-
regulated proteolytic degradation of polymerized fibrin that prevents the clot 
from clogging the system as well as clearing the path once the damage has 
healed. Also, fibrinolysis serves as one of the endogenous defense 
mechanisms for the prevention of intravascular thrombosis. As such, it 
complements the effects of the protein anticoagulants (proteins C and S, 
antithrombin III, heparin cofactor II, etc.) and the short-acting endothelial-
derived platelet inhibitors (nitric oxide and prostacyclin). Hyperfibrinolysis 
can be caused by increased enzymatic activity and might manifest as 
excessive bleeding. Hypofibrinolysis, on the other hand, can be caused by 
decreased fibrinolytic activity and could result in thrombosis. The 
hemostatic system is assuming an increasingly prominent role in the 
pathogenesis and progression of vascular diseases [125-139]. 
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Patients with diabetes have altered fibrinolysis compared to individuals 
without diabetes. Some degree of hypofibrinolysis is often present in obesity, 
insulin resistance, and manifest type 2 diabetes. Also, changes in fibrinolysis 
(low tPA, high PAI-1) can predict future development of diabetes and be a 
marker for insulin resistance [90, 140]. There is a large body of evidence 
linking the hypofibrinolytic stage present in diabetes to increased 
cardiovascular risk [141-144]. The fibrinolytic factors studied in this thesis 
are tissue plasminogen activator (tPA), plasminogen activator inhibitor-1 
(PAI-1), and tPA/PAI-complex, together with the von Willebrand factor 
(VWF) for primary hemostasis. The activation and inhibition of the 
fibrinolytic pathway and the role of tPA and PAI-1 is illustrated in Figure 4. 

 

 
Figure 4. Activation and Inhibition of the Fibrinolytic Pathway.  
Reproduced with permission from Kohler HP, Grant PJ. N Engl J Med 2000;342:1792-1801, 
Copyright Massachusetts Medical Society 

Tisue plasminogen activator, tPA 

Two physiological plasminogen activators have been found in humans: tissue 
plasminogen activator (tPA) and urokinase plasminogen activator (uPA). 
The activation of tPA is predominantly involved in the dissolution of fibrin in 
the circulation, whereas uPA activates cell-bound plasminogen to help 
control proteolysis during tissue remodeling and repair, macrophage 
function, tumor invasion, ovulation, and embryo implantation [145-147].  
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tPA is a protease that plays a central role in intravascular fibrinolysis by 
cleaving plasminogen to plasmin. Plasmin cleaves fibrin clots to fibrin 
degradation products (FDP). Both plasminogen and tPA bind to fibrin, 
which protects tPA from reactions of inhibitors. As fibrin is degraded new 
binding sites appear and the quantity of plasmin increases. The production 
and storage of tPA takes place within the endothelium [148]. There is a basal 
release of tPA, but increased tPA release occurs in response to stimuli, such 
as venous occlusion, physical exercise, and stress, or in response to agonists, 
for example thrombin, histamine, fibrin, and epinephrine [149-151]. tPa 
release from the endothelium has shown to be a distinct marker of 
endothelial function. In patients with stable CHD a reduction in acute tPA 
release predicts adverse cardiovascular events [152]. 

The levels of active tPA are affected by endothelial secretion of tPA, the rate 
of hepatic clearance of tPA, and the inhibition of tPA. Active tPA has a half-
life of about 3 minutes. Approximately 15%-20% (less than 1 ng/mL) of the 
amount found in plasma is of the active form. The remaining amount is in 
complex with the main inhibitor PAI-1 or with other inhibitors (e.g. the C1 
inhibitor of the complement system, which is known to inhibit a broad 
spectrum of proteases) [153, 154].  

tPA antigen increases with age. Men have higher tPA antigen levels than 
women and aging appears to increase levels of tPA antigen more in 
sedentary men than in physically active men. Increased levels of tPA antigen 
precede myocardial infarction and are associated with increased risk of 
cardiovascular death. Directly after smoking, tPA activity appears to 
increase, but a decreased activity was found in chronic smoking [137, 155-
157].  

The activation of plasminogen by agents such as tissue-type plasminogen 
activator (tPA), yields plasmin, lyses fibrin, and so restores blood flow to 
vessels occluded by thrombi, Figure 4. Recombinant tPA (rtPA) has been 
used as thrombolytic treatment in acute myocardial infarction, ischemic 
stroke, arterial embolism, and severe pulmonary embolism as standard 
clinical treatment for many years. Despite the wide adoption of rtPAs in the 
management of thrombotic disorders, there are still a number of limitations; 
short time therapeutic window, a low rate of arterial recanalization, a 
substantial risk of intracranial hemorrhage, and numerous contraindications 
that limit their use to selected patients.  

In recent years a novel use of rtPA, in “subthrombolytic” concentrations for 
prevention rather than treatment of thrombi-occluding vessels resulting 
from emboli has been discussed [158, 159]. Growing thrombi can be lysed 
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with particular efficacy by very low concentrations of rtPA probably because 
cross-linking of fibrin is limited in such thrombi. Also, use of rtPA, for 
example, in frostbite has been studied with some success in selected cases 
[160]. Although these novel treatments with rtPA have not reached clinical 
standard, it is predicted that in the near future rtPAs will positively affect a 
number of clinical conditions if their safety issues can be overcome and their 
benefits fully exploited. 

Plasminogen activator inhibitor, PAI-1  

Inhibition of the fibrinolytic system at the level of plasminogen activation is 
mainly done by PAI-1 or by thrombin activatable fibrinolysis inhibitor 
(TAFI). Inhibition can also occur at the level of plasmin where α2-
antiplasmin hinders the action of plasmin in the breaking down of 
fibrinogen.  

PAI-1 is the main inhibitor of both tPA and uPA, blocking fibrinolysis in the 
initial stages of clot formation, Figure 4. Platelets contain a large amount of 
PAI-1. Up to 90% of PAI-1 in the peripheral blood is contained in the α-
granulae of platelets and released upon activation. PAI-1 activity is mainly 
regulated by fibrin and thrombin. By binding to fibrin, PAI-1 becomes fixed 
within the clot, which promotes the stability and extension of the clot. PAI-1 
is also found in endothelial, spleen and hepatic cells, adipose tissue, 
macrophages, neutrophil polymorphs, vascular smooth muscle cells, and 
mesangial cells [36, 37]. PAI-1 is bound and stabilized by proteins in the 
plasma and extracellular matrix (i.e. vitronectin) [107, 161-164].  

Under physiological conditions, PAI-1 is released into the circulation and the 
extracellular space by only a few cells. Liver cells, smooth muscle cells, 
adipocytes, and platelets are the major sources of PAI-1. This results in 
plasma levels of only 5–20 ng/ml of active PAI-1, sufficient to control 
fibrinolysis and extracellular proteolysis. PAI-1 levels have been shown to 
increase with age in women but not in men, although men seem to have 
overall higher PAI-1 antigen levels than women [155, 157]. Obesity might 
increase plasma PAI-1 levels and physical activity and weight loss have been 
shown to decrease the levels of PAI-1, possibly via the decrease in adipose 
tissue [97, 150, 164-167]. Alcohol consumption has been shown to increase 
the levels of PAI-1 activity, whereas the results for coffee consumption were 
divergent. The role of smoking on PAI-1 increase is also divergent and it is 
unclear how it affects PAI-1 in healthy individuals [168]. Several tissues can 
secrete quite large amounts of PAI-1: tumor cells, endothelial cells in 
response to inflammatory cytokines, and other inflammation-activated cells. 
High PAI-1 plasma levels are consistently found in patients with severe 
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sepsis but also with other acute or chronic inflammatory diseases such as 
atherosclerosis. PAI-1 is up-regulated by inflammatory cytokines and may 
therefore be regarded as a marker for an ongoing inflammatory process but 
it is still unclear via which mechanism PAI-1 expression is up-regulated 
during inflammation [161]. There is a diurnal variation in fibrinolysis 
especially with PAI-1 [169, 170]. Increased basal levels of PAI-1 and impaired 
circadian variations, with prolonged high PAI-1 levels during the day is 
associated with CHD in patients with T2DM as well as in non-diabetics [171]. 
Moreover, the PAI-1 levels in T2DM patients were higher compared to those 
without diabetes, both when basal levels or daytime variations were 
concerned [171].  

A number of studies have confirmed elevated basal levels of PAI-1 in patients 
with CHD, reflecting impaired fibrinolysis. The exact mechanisms by which 
an impaired fibrinolysis may lead to CHD in T2DM are not fully clarified [93, 
95, 96, 101, 105, 162, 172]. High levels of PAI-1 activity have been associated 
with many pathological conditions including thrombosis, inflammation, and 
metabolic disorders, from insulin resistance to manifest diabetes [91, 92, 97, 
163]. There are some plausible explanations to the relation of PAI-1 and 
incident diabetes. It is possible that there is a common genetic background 
for both PAI-1 expression as well as for the risk of developing type 2 
diabetes. PAI-1 could also be causally involved in the pathophysiology of type 
2 diabetes. Various factors such as body weight, insulin resistance, 
glucocorticoids, triglycerides, and free fatty acids affect both PAI-1 
expression and diabetes incidence [97, 173] suggesting that the high PAI-1 
levels might be a marker rather a causative factor of the underlying 
metabolic disturbance. Experimental studies have shown that both glucose 
and insulin regulate PAI-1 gene expression [173, 174]. These observations 
suggest that increasing glycemia during progress from insulin resistance to 
diabetes might promote PAI-1 gene expression and result in elevated and 
increasing PAI-1 plasma levels. Multivariate analyses performed to adjust for 
potential confounders (lipids, glycemia, insulin resistance, and body weight) 
showed that these covariates did not noticeably affect the relation of PAI-1 to 
incident diabetes [92]. 

tPA/PAI-1 complex  

When the active forms of tPA and PAI-1 meet in the circulation rapid 
complex formation occurs and this creates the inactive tPA/PAI-1 complex. 
The tPA/PAI-1 complex has been much less studied than its two fibrinolytic 
components. Low levels of tPA/PAI-1 complex combined with low levels of 
tPA activity suggest decreased secretion of active tPA. High levels of 
tPA/PAI-1 complex and PAI-1 activity together with low levels of tPA activity 
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suggest inhibition of active tPA by active PAI-1 [153]. Aging appears to 
increase the tPA/PAI-1 complex levels, but physical activity has been shown 
to attenuate this increase [166]. Increased levels of tPA/PAI-1 complex have 
been associated with future first-ever [21], as well as with recurrent 
myocardial infarction [175] and with the risk of stroke [121].  

To avoid conceptual problems Figure 5 summarizes the relationships 
between some of the fibrinolytic factors: tPA mass concentration, PAI-1 mass 
concentration, tPA activity, and PAI-1 activity. The terms “tPA antigen“ and 
“PAI-1 antigen” are commonly seen in the literature and are somewhat of an 
inaccuracy; what they stand for is the mass concentration of tPA and PAI-1 
measured by an immunological assay such as ELISA or RIA. Mass 
concentration or antigen is the total sum of all tPA or PAI-1 molecules in the 
sample, irrespective of whether they are active or bound to an inhibitor. In 
contrast tPA or PAI-1 activity denotes the net enzymatically active amount of 
tPA or PAI-1 present. Notice that the relative lengths of the bars are not 
drawn in scale. For tPA in humans, this is always only a small fraction of the 
total mass concentration of tPA (tPA antigen) and for PAI-1 the active 
fraction seems to dominate, with only a small fraction of the molecules being 
bound in enzyme-inhibitor complexes.  

 

 

Figure 5. Schematic representation of the relations between the assays of tPA and PAI-1 mass 
concentration and tPA and PAI-1 activity. The active fractions of tPA and PAI-1 are smaller than 
total mass due the formation of inactive enzyme-inhibitor complex. Alpha 2-antiplasmin (or α2-
antiplasmin or plasmin inhibitor) is a serine protease inhibitor (serpin) responsible for 
inactivating plasmin. 
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Von Willebrand Factor, VWF  

VWF is a key component of primary hemostasis. VWF is produced in the 
endothelium, where it is stored and secreted, and in platelets. VWF acts as a 
carrier protein of FVIII and is found in complex with FVIII in circulation. It 
also contributes to the aggregation and rolling of platelets [176, 177].  

Decreased levels of VWF are found in patients with von Willebrand Disease 
and elevated levels are often the result of inflammatory reactions. Because 
VWF is synthesized in endothelial cells it is a good marker of endothelial 
damage, and increased levels have been associated with higher risk of e.g. 
myocardial infarction [121]. The inter- and intra-individual variations are 
very high and levels of VWF increase with age [178, 179]. VWF carries ABO 
blood type antigens. Individuals with type O blood group have, on the 
average, an approximately 30% lower VWF level than individuals with other 
blood types [180]. 

Intervention  

Intensive insulin treatment  

Hyperglycemia is an independent risk factor for MI and CVD. The best tools 
for glucose control are still being debated. The role and effect of intensive 
glycemic control alone or as part of a multifactorial intervention on CVD 
outcomes and mortality is not entirely clarified. Furthermore, the interaction 
of duration of diabetes on CVD risk and outcomes is unclear. 

Recent major trials ACCORD (n=10 251) [22], ADVANCE (n=11 140) [19], 
and VADT (n=1 791) [20] and recent meta-analyses [181, 182] have failed to 
confirm that intensive glucose-lowering therapy can decrease risks for major 
cardiovascular events or mortality in patients with long duration of Type 2 
diabetes. This appears to be particularly true for patients with a history of 
advanced microvascular and macrovascular complications and severe 
hypoglycemic events [25, 183]. There is a common understanding that the 
results of ACCORD, ADVANCE, and VADT do not apply to patients with 
newly diagnosed Type 2 diabetes. Evidence suggests that such patients do 
benefit from intensive glucose-lowering therapy. The UKPDS study (n=3 
967) suggested a decreased risk of myocardial infarction and all-cause 
mortality with early intensive therapy [184]. Compared with the other three 
studies, patients in UKPDS were younger (mean 54 years), had newly 
diagnosed type 2 diabetes, had final HbA1C concentration higher in the 
intensive group, and had a longer follow-up (mean 10 years). Glycemic 
control in these patients with multifactorial pharmacological interventions 
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including blood pressure control and lipid lowering have demonstrated a 
significant reduction in vascular complications, CVD, and all-cause mortality 
[26]. An outline of these results is shown in Table 2. 

 
Table 2. Impact of Intensive Glycemic Therapy on T2DM Outcomes 

 

Only in the ACCORD trial was the intensive treatment associated with 
increased cardiovascular mortality. This occurred despite the fact that study 
populations in ADVANCE and VADT were rather similar (respectively, age 
62, 66 and 60 years, duration of diabetes 10, 8 and 11 years, high risk of 
cardiovascular disease, and achieved HbA1C concentrations of 49, 48 and 52 
mmol/mol). 

In a meta-analysis of these four trials, intensive glucose-lowering treatment 
was associated with a significant 9% reduction in major cardiovascular 
events but had no effect on mortality. Analysis of prespecified subgroups 
showed that age younger than 65 years, diabetes duration of less than 5 
years, HbA1C concentration lower than 69 mmol/mol, and no history of 
vascular complications were associated with the best cardiovascular 
outcomes after intensive therapy [185]. The results of that meta-analysis 
should be interpreted in light of the previous Steno-2 study [26] (n=160 
patients with a mean age of 55 years), in which intensive multifactorial 
treatment of hyperglycemia (target HbA1C concentration 48 mmol/mol) and 
other diabetes risk factors was associated with reduced cardiovascular 
mortality over 13,3 years. 

The findings together suggest that early intensive glucose lowering (target 
HbA1C concentration lower than 53 mmol/mol) combined with rigorous 
treatment of other risk factors is likely to result in long-term reductions of 
CVD. The latest post-hoc analysis of the ACCORD data is also encouraging. 
Intensive therapy was associated with significant reductions in the 5-year 
incidence of ischemic heart disease (13%), any myocardial infarction (16%), 
non-fatal myocardial infarction (19%), coronary revascularization (16%), and 
unstable angina (19%) [186]. These potential benefits, however, do not 
totally negate the potential harmful effect of intensive glycemic treatment on 
cardiovascular mortality in selected patients under specific conditions. A 
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post hoc analysis of DIGAMI-2 trial showed that the risk of non-fatal 
myocardial infarction and stroke increased significantly by insulin treatment 
[17]. Most patients (77.3%) in the ACCORD trial who received intensive 
glucose-lowering treatment were taking insulin [21]. The combination of 
hyperinsulinemia and hyperglycemia has been suggested to induce 
myocardium steatosis and increased ectopic epicardial adipose tissue that is 
potentially involved in the development of cardiomyopathy and coronary 
artery disease [187].  

Guidelines have responded to these results by suggesting that less-intensive 
glycemic control is appropriate for high-risk patient groups with long 
diabetes duration and vascular co-morbidities [118, 119]. 

Present and future perspectives 

There has been a great focus on treating the classic risk factors for 
cardiovascular disease. Several studies have described declining incidence 
and mortality in essentially all cardiovascular disease such as myocardial 
infarction (MI), stroke, and peripheral vascular disease [188, 189]. Decline in 
disease severity is also described in many studies especially in stroke with a 
shift toward patients presenting with mild symptoms [190, 191]. A study 
based on a follow-up of NHANES survey cohorts in the USA showed that the 
decline in heart disease and CHD mortality was in diabetic subjects clearly 
smaller than in the US general population, particularly in women [192]. 
Otherwise, very little is known if these beneficial time trends in stroke also 
apply to patients with DM.  

The heavy impact of diabetes mellitus (DM) on the risk and prognosis of 
cardiovascular disease is well established [65]. Diabetes is a major risk factor 
for stroke and patients with stroke and DM have poorer prognosis with 
higher morbidity and mortality [51, 52, 54, 55]. This is still the case also for 
patients who receive optimal treatment of diabetes and optimal risk factor 
intervention. 

Actual best practice guidelines emphasize the effective intervention against 
the traditional risk factors both for patients with or without diabetes [118, 
119]. Even if some studies report improvement in CVD mortality in patients 
with diabetes [193, 194], it is obvious that this is not sufficient enough for 
patients with diabetes.  

Despite effective existing therapies, patients with diabetes and insulin-
resistance syndromes still have considerable increased risk, sometimes 
referred as residual risk [69, 195], for CHD compared to patients with 
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normal glucose metabolism. We must further underline the importance of 
diabetes prevention with lifestyle intervention to reduce CHD and evaluate 
new pharmacologic strategies in these high-risk patients. We await more 
clinical trials with intervention on novel CVD risk factors to examine if such 
strategies can be beneficial in reducing CVD risk both in the general 
population and in high risk patients. 

 
Aims 

 
The aims of this thesis were: 
- To study trends in the incidence and outcome of myocardial infarction in 
patients with or without diabetes  
- To study trends in the incidence and outcome of stroke in patients with or 
without diabetes 
- To study levels of tissue plasminogen activator activity in non-diabetic 
patients with a first myocardial infarction. 
- To study markers of fibrinolysis in lower extremity arterial disease. 
- To study the effect of basal insulin glargine on the fibrinolytic system and 
von Willebrand factor in people with dysglycaemia and high risk for 
cardiovascular events.   
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Materials and methods  

This thesis has three parts; first an epidemiological part with Papers I and II. 
Papers III and IV are the etiological part with studies of the fibrinolytic 
system as a CVD risk marker in diabetes. Paper V is the interventional 
section of this thesis. 

Paper I and II 

Paper I and II are population based retrospective cohort studies including all 
myocardial infarctions and stroke during the study periods from the 
Northern Sweden MONICA myocardial infarction register and the Northern 
Sweden MONICA stroke register. 

MONICA Project 

The WHO MONICA Project (Multinational Monitoring of Trends and 
Determinants in Cardiovascular Disease) is an international collaboration 
developed to study the trends and determinants in cardiovascular disease. 
Specifically, the project focuses on trends in event rates for validated fatal 
and non-fatal coronary heart attacks, sudden death and strokes in men and 
women aged 25–64 years for CHD and 25–74 years for stroke in a defined 
population [196-199]. Trends in cardiovascular risk factors are also 
registered. All events were validated and registered in a standardized way 
according to the WHO MONICA manual [200, 201]. The Northern Sweden 
MONICA Project is ongoing in Västerbotten and Norrbotten counties since 
1985 and covers the two most northerly counties of Sweden, with a total 
population of around half a million inhabitants [202]. The population and 
age structure in the area have been stable during these study years [203]. 

Definitions 

Incidence is the rate at which new events occur in a population. The 
numerator is the number of new cases in a defined period and the 
denominator is the population at risk of experiencing the event during this 
period. Mortality is the annual number of fatal events (within 28 days from 
onset). Case fatality is defined in the MONICA project as the proportion of 
all cases which are fatal within 28 days [196].  

MI, according to The WHO MONICA Project, is defined as follows [201]: 
• Definite ECG (the development in serial records of a diagnostic Q-wave 
and/or the evolution of an injury current which lasts more than 1 day as 
described in the MONICA manual). 
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• Symptoms typical or atypical or inadequately described, together with 
probable ECG and abnormal enzymes. 
• Symptoms typical and abnormal enzymes with an ischemic or non-
codeable ECG or ECG not available. 
• Fatal cases, whether sudden or not, with naked eye appearance of fresh 
MI and/or recent coronary occlusion found at necropsy. 
The diagnosis of DM was based on medical records.  

To estimate the incidence of MI and stroke in a diabetic population, the 
prevalence of DM in the population needs to be known. For this purpose, 
data from the 5 MONICA population surveys in the same area from between 
1986 to 2004 were used. 

Stroke is defined according to The WHO MONICA Project stroke definitions: 
“Rapidly developing signs of focal (or global) disturbance of cerebral 
function lasting 24 hours (unless interrupted by surgery or death), with no 
apparent nonvascular cause.” This definition excluded patients with 
transient cerebral ischemia [200]. 

Data collection - Paper I 

In Paper I all coronary events, including deaths outside hospitals, in subjects 
25–64 years old were registered from 1 January 1989 to 31 December 2000 
in The MONICA myocardial infarction registry. A total of 6616 cases fulfilled 
the MONICA criteria for an MI. All events were validated and registered in a 
standardized way according to the WHO MONICA manual [36]. Due to 
insufficient data regarding previous MI or the presence of diabetes, 362 
patients were excluded, Figure 6. The diagnosis of DM was based on medical 
records. A total of 1051 of the cases (795 men and 256 women) had DM. 
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Data collection - Paper II 

In Paper II all strokes, including events occurring outside hospitals in 
subjects 35 to 74 years old, were registered from January 1, 1985 to 
December 31, 2003 in the MONICA Stroke event registry. All patients with 
hemorrhage were excluded because the impact of diabetes as a risk factor for 
hemorrhage is more uncertain than it is for brain infarction, Figure 7. All 
events were validated and registered in a standardized way according to the 
WHO MONICA manual [200]. 

 

No diabetes 
5203 (83.2 %) 

Diabetes 
1051 (16.8 %) 

First ever MI 
3941  

(63 %) 

Recurrent MI 
1262 

(20.2 %) 

First ever MI 
628 

(10 %) 

Recurrent MI 
423 

(6.8 %) 

The Northern Sweden MONICA registry 
1989 - 2000  

Myocardial infarction 
9480 patients – ages 35 - 64 

No MI or 
suspect MI 

2864 patients 

Definite MI 
6616 patients 

 

Insufficient data 
regarding   

first or recurrent MI or 
presence of diabetes, 

362 patients 

Complete data set 
6254 patients 

 

Figure 6. Study population Paper I, MONICA myocardial infarction register. Proportion (%) of 
the final study population of 6254 patients. 
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Paper III 

Case-control study. During 1993–95 all surviving patients below 65 years of 
age admitted to Luleå hospital, Norrbotten Sweden, with a confirmed first 
MI were invited to participate in the project. A total of 115 patients under 65 
years of age with a first MI were enrolled and scheduled for further 
examination 3 months later. A total of 88 patients, 73 men and 15 women 
were included. MONICA study criteria were used to diagnose MI, both Q-
wave and non-Q wave [201]. One control subject per case patient was drawn 
from the same 1-year age strata by using subjects from the Northern Sweden 
MONICA population survey of 1994 randomly chosen from subjects in the 
same geographical area. Subjects with known diabetes were excluded. Age 
matching was incomplete among men because of insufficient control sample 
size in the local MONICA cohort. Age was therefore adjusted for in the 
statistical analyses. Biochemical analyses and anthropometric measurements 
were carried out in the same way among cases and controls. Venous 
sampling for measurement of plasma fibrinogen, tPA activity and PAI-1 
activity was carried out in the sitting position with no special rest and with 
minimal occlusion [204]. As both tPA and PAI-1 show a circadian variation 
in the circulation [169], samples for biochemical analyses were collected in 
the morning between 8 and 9 a.m. in both cases and controls. tPA and PAI-1 
activities were determined by chromogenic assays. Details regarding assay 

 

 

The Northern Sweden MONICA Stroke registry 
1985 - 2003  
Ages 35 - 74 

 
Subarachnoidal 

hemorrhage 

No diabetes 
11 877 (77.2 %) 

Diabetes 
3 505 (22.8 %) 

First-ever stroke 
9 190  

(59.7%) 

Recurrent stroke 
2 687 

(17.5 %) 

First-ever stroke 
2 415 

(15.7 %) 

Recurrent stroke 
1 090 

(7.1 %) 

Complete data set 
15 382 patients 

Figure 7. Study population Paper II, MONICA stroke register.  Proportion (%) of the final study 
population of 15 382 patients. 



 

 22 

imprecision and analytical sensitivity have been published [169]. Intact 
insulin was measured using a sensitive two-site sandwich ELISA and 
proinsulin was measured using a specific insulin highly sensitive two-site 
sandwich ELISA. Plasma fibrinogen was measured by a functional kinetic 
method [205]. What is denoted plasma tPA mass concentration or “tPA 
antigen” is a heterogeneous mixture of active tPA and tPA in complex with 
various inhibitors, Figure 5. Only a small percentage of the total tPA antigen 
present in plasma samples taken at rest constitutes active tPA. Most is 
enzymatically inactive and consists of tPA in complex with the inhibitor, 
plasminogen activator inhibitor type 1 (PAI-1). Hence, the efficacy of tPA 
action is determined by the relative balance between the local release of tPA 
and circulating PAI-1. 

Paper IV 

This is an observational, cross-sectional, and prospective longitudinal 10 
year follow-up study of a previous study which suggested that tissue 
plasminogen activator (tPA)-activity might be an early marker of 
asymptomatic lower extremity arterial disease (LEAD) [106]. At baseline 
(years 1997-2000), 141 diabetic subjects diagnosed according to the WHO 
criteria, were included: 74 with type 1 diabetes (T1DM), 69 with T2DM, and 
80 ND subjects (M/F 42/38). The inclusion criteria were 30-70 years of age 
and no symptoms compatible with LEAD according to a standardized 
interview and medical records, as previously described in detail [106]. A total 
of 158 participants completed the 10-year follow-up; 96 diabetic subjects 
(M/F 45/51), 48 with T1DM and 48 with T2DM, and 62 ND subjects (M/F 
30/32). Sixty-five subjects (18 ND and 47 diabetic, 26 T1DM, and 21 T2DM) 
did not complete the study, Figure 8. Twelve subjects were excluded due to 
missing data. Twenty-eight subjects were lost to follow-up and eight moved 
out of the region. The flow chart of study participants is illustrated in Figure 
8. Subjects lost to follow-up were significantly (p= 0.004) younger than the 
overall study population at baseline (46±10 vs. 50±9.4 years).  
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Measurements and blood chemistry 

Validated screening methods were used to measure arm SBP and DBP, ankle 
blood pressures (ABP), and toe blood pressures (TBP) as described in a 
previous baseline study. At all the locations, e.g. arm, ankle, and toe, the 
mean of two blood pressure readings was calculated. Reduced peripheral 
blood pressure, i.e. signs of LEAD, was defined as at least one ankle (ABP) or 
toe blood pressure (TBP) or one ankle-to-brachial (ABI) or toe-to-brachial 
blood pressure index (TBI) below the normal range; defined as ankle < 98 
mmHg, toe < 79 mmHg, or ABI (ATA) < 0.90, ABI (ATP) < 0.95, TBI < 0.74. 
The normal ranges used in this study are the means ± 2SD in 134 non-
diabetic subjects without previously known LEAD. These normal ranges 
were reported by us in a previous larger study where we used the same 
method to assess lower extremity blood pressures [206]. The ranges of 
normal blood pressures in that study were: ankle blood pressure 98-193 
mmHg (a. tibialis anterior; ATA) or 101-198 mmHg (a. tibialis posterior; 

Figure 8. Study population, Paper IV. 
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ATP), toe blood pressure 79- 163 mmHg, ankle/brachial index 0.90-1.34 
(ATA) or 0.95-1.35 (ATP), and toe/brachial index 0.74-1.12. Blood samples 
were collected at baseline and follow-up visits in the morning after an over-
night fast (10 h). Markers of fibrinolysis were analyzed from stored frozen 
samples. Venous blood samples for hemostatic assays were drawn without 
the use of a tourniquet and stored frozen at 80 °C until analysis. All samples 
were analyzed at the same time at baseline and at follow-up using the same 
assays. Analyses of serum triglycerides (TG) and cholesterol were performed 
by routine methods at the Department of Clinical Chemistry, University 
Hospital of Umeå, Sweden. 

Paper V 

Paper V is a prespecified, Swedish sub-study of the ORIGIN trial.  

ORIGIN Study 

ORIGIN was a prospective trial with a 2x2 factorial design in which 12 537 
people with impaired fasting glucose (IFG), impaired glucose tolerance 
(IGT), or type 2 diabetes and at high cardiovascular risk were randomized to 
receive insulin glargine treatment targeting a fasting blood glucose of ≤5.3 
mmol/L or to standard glucose lowering treatment as described in detail 
elsewhere [207]. 

ORIGIN Swedish Sub-study 

This Swedish sub-study included patients from 18 of the 22 Swedish ORIGIN 
centres. The following components of the fibrinolytic and hemostatic 
systems were investigated tPA-activity, tPA antigen, PAI-1 antigen, tPA/PAI-
1 complex, and VWF. Blood samples were obtained at study start (Baseline; 
n=129), after two years (Visit 2; n=117) and by the end of the study after a 
median follow-up of 6.2 years (Visit 3; n=109). To avoid diurnal variations 
blood samples were collected 08.00 - 10.00 am after 10 minutes of rest. 
Analyses were performed in singlets at the coordinating centre in Skellefteå 
after the end of the study to prevent that possible modification in reagent 
kits introduces an element of bias.  The analysis of samples on a single 
occasion is preferable to multiple occasions, as storage has negligible effect 
for analysis results [208]. The samples were thawed in a 37°C waterbath for 
15 minutes and immediately analyzed. Reagent kits with identical batch 
numbers were used for fibrinolytic analysis. ELISA kits purchased from 
Tcoag (Bray, Co. Wicklow, Ireland) were used for the measurement of tPAag 
(TriniLIZE tPA antigen®) and PAI-1 (TriniLIZE PAI-1 antigen®). The 
measurement of tPA/PAI-1 complex was done using ELISA kits from 
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Technoclone (TECHNOZYM t-PA-PAI-1®) and VWF levels were analyzed 
with reagents purchased from DAKO (Copenhagen, Denmark). Inter-assay 
CV was 4.6% for tPA, 4.0% for PAI-1, 6.6% for tPA-PAI-1 complex and 3,4% 
for VWF. 

Statistical methods 

The statistical procedures were rather similar in Paper I and II. The 
incidence of MI or stroke was based on each year’s individual population 
data in the actual age range. Poisson regression was used to test for time 
trends in annual number of events, and logistic regression was used to test 
for time trends in annual incidence rates. Probability values < 0.05 were 
considered as significant. The models were built separately for men and 
women. As a first step we built separate models for groups with and without 
diabetes to test for time trends within each group. To test if the difference 
between trends was statistically significant an interaction term 
“year*diabetes” was included in the models, where diabetes was a dummy 
variable for diabetes. A variable for age group was included in all regression 
models to control for possible different age distributions between the groups. 
When using Poisson regression, we calculated trends in annual rates (rt) 
with the log-linear model, where log denotes the natural logarithm, t the 
year, and et, the error term of the regression model: 

log rt = a+b1 * t+b2 * (age group)+et 

The estimate 100*[exp (b1) 1] is the average annual percentage change. For 
small changes, 100*b1 can be used as approximated annual percentage 
change, which is presented in this article. Confidence intervals for b1 from 
the regression models were used to estimate confidence intervals for 
percentage annual change. Similar approximations were done when logistic 
regression was used. The SAS v.8 software package was used for statistical 
analysis. 

In Paper III continuous data are presented as mean values and standard 
deviation (SD). Student’s t-test and chi-square were used to test for 
differences between cases with MI and controls. Because the distributions 
for serum triglycerides, fibrinolytic variables, insulin, and proinsulin are 
highly skewed, we used logarithmically transformed values (i.e. geometric 
mean). In a multiple regression analysis with MI as the dependent variable, 
traditional risk factors (hypercholesterolemia, hypertension, smoking) and 
pathologic glucose tolerance were entered as dichotomous independent 
variables and age and waist circumference as continuous variables. Insulin, 
proinsulin, PAI-1 activity, tPA activity, and fibrinogen were entered as 
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quartiles based on the total material. The results are given as P-values and 
odds ratios (OR) with 95% confidence intervals. All statistical analysis was 
carried out with the SPSS program, version 10.1 (SPSS Inc., Chicago, IL, 
USA). 

In Paper IV data are presented as the mean±SD and as odds ratios with 
95% confidence intervals [95% CI] or as indicated. The Shapiro-Wilk test 
was used to assess the distribution of data for each subgroup separately and 
for all participants taken together. Differences in mean values between 
groups were analyzed using the Student's two-tailed t-test for normally 
distributed data. For variables not normally distributed, a non-parametric 
Mann-Whitney U test was used. To assess relationships between measured 
variables and the presence of signs of LEAD, univariate logistic regression 
was used. To assess the possible independent effects of markers of 
fibrinolysis on signs of LEAD, these variables were included one by one in a 
multivariate logistic regression model with age, hypertension, HbA1c, 
triglycerides, and LDL-cholesterol as fixed covariates and the presence of 
signs of LEAD as the dependent variable. A p-value <0.05 was considered 
statistically significant. One control subject developed diabetes during the 
study. This subject was analyzed as a control subject throughout the study 
(intention to treat). The association between MI and age, sex, 
hypercholesterolemia, hypertension, smoking, waist circumference, 
pathologic glucose tolerance, insulin, proinsulin, PAI-1 activity, fibrinogen, 
and tPA activity was analyzed in a multiple logistic regression model where 
the fibrinolytic variables, insulin, and proinsulin were divided in quartiles. 
Glucose tolerance test, insulin, and proinsulin were used as proxies for 
insulin resistance. The IBM SPSS Statistics v 22.0 software was used for 
statistical analysis.  

In Paper V baseline characteristics are presented as percentages for 
categorical variables and as mean (SD) or median (interquartile range) for 
continuous variables. Categorical and continuous variables were compared 
using Chi-squared or Fisher’s exact tests as appropriate or Mann-Whitney U-
tests respectively. Analyses of all fibrinolytic variables were based on log 
transformed data. Linear regression models were used to assess the effect of 
allocation on the difference in fibrinolytic variables and VWF from baseline 
to either the second or third sampling visit. Mixed linear regression models 
were used to assess changes over all three time points (baseline, sampling 
visit 2 and visit 3). Independent variables were included in the models as 
follows:  
a) Model 1: group allocation (glargine/standard); allocation to omega-
3FA/placebo; prior diabetes; and prior cardiovascular disease (CVD).  
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b) Model 2: variables in model 1 plus baseline metformin; baseline aspirin; 
baseline weight; and baseline sulfonylurea or other glucose lowering drugs.  
c) Model 3:  variables in model 2 plus visit 2 metformin; visit 2 aspirin; visit 
2 weight; and visit 2 sulfonylurea or other glucose lowering drugs.  

Data were analyzed with the use of SAS software (version 9.1 for Solaris). 
The nominal level of significance for all analyses was p <0.05. Sample size 
dimension is based on previous epidemiological study showing a reduction 
of tPA mass concentration 12,8 to 11,0 µg/l (16% reduction) (SD=4,5) to be 
clinically significant. With a power of 80%, significance level 5%, unpaired, 
two-tailed t-test, at least 29 patients per group will be needed to show a 
reduction of tPA mass concentration from 15,0 to 12,0 µg/l (20% reduction) 
(SD=4). All trial centres in Sweden (18 out of 21 participated) were invited to 
participate in order to ensure at least 300 patients in the substudy, to 
increase power, and to reach sufficient number of endpoints. 

Statistical methods used in the indicated studies in this thesis are 
summarized in Table 3. 

 
Table 3. Statistical methods used in the indicated studies. 
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Ethical approvals 

Paper I and II: The Northern Sweden MONICA registers are covered by a 
series of approvals by the Ethics Committee of Umeå University from 1985 
and onwards. For each sub study, approval by the two Principle Investigators 
is required. The assessment includes checks of approval by an ethics 
committee for the specific dataset, and – when required - by the National 
Computer Data Inspection Board. Researchers receive only anonymized 
data. 

Paper III: The study was approved by the Research Ethics Committee of 
Umeå University and the data handling procedures by the National 
Computer Data Inspection Board. 

Paper IV: The study was approved by the Ethics Committee of Umeå 
University (dnr 97-77 and 19158/2010) and conducted according to the 
Declaration of Helsinki. All the participants gave their written informed 
consent. 

Paper V: The study was approved by the Regional Ethics Committee of 
Stockholm. The study was conducted according to the ICH E6 Guideline for 
Good Clinical Practice (1 May 1996), in agreement with the Declaration of 
Helsinki and in keeping with local regulations. (Dnr: 04-041T). All 
participants gave their written informed consent. 

 
Results 

Paper I  

Between 1989 and 2000, 7323 men and 2157 women with acute coronary 
events were registered and 6254 of these fulfilled inclusion criteria for the 
study. DM was present in 15.9% of the men and in 20.1% of the women. The 
mean age for patients without DM was 55.7 years in men and 56.4 in women. 
Patients with DM were slightly older, but the prevalence of smoking was less 
in patients with DM as shown in Table 4.  
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Table 4. Description of the study population, Paper I. 

 
 

Trends in incidence of myocardial infarctions 

Men without DM had a declining incidence both in first and recurrent MI 
with a yearly change of -4.1% (p < 0.001) and -3.7% (p < 0.001) respectively. 
The incidence for men with DM was approximately eight times higher than 
for non-diabetic men, and there was no significant decline in the time trends. 
The time trend for incidence of first MI differed significantly between the 
two groups (Table 5 and Figure 9). 

 
Table 5. Trends in age-adjusted incidence of first/recurrent MI according to gender and 
presence of diabetes 1989-2000, Paper I. 
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Figure 9. Incidence (per 100 000) of first myocardial infarction in northern Sweden in 
patients without (a) and with (b) diabetes, according to sex. 

In women with or without DM there was no significant decline in the 
incidence of first MI, Table 5.  A declining trend of almost 8% per year in 
recurrent MI was seen in women without DM (p < 0.05). No favourable 
changes were noted for diabetic patients, and the difference in time trends 
between women with or without diabetes was significant for recurrent MI (p 



 

 31 

= 0.002), Table 5. The difference in the incidence rate in MI between 
diabetics and non-diabetics was even more marked in women than in men, 
and the incidence of first MI for diabetic women was 15 times higher than in 
non-diabetic women, Figure 9. 

Trends in number of myocardial infarctions 

A significant decrease per year in the annual number of first and recurrent 
MI was found in men without DM (3% p<0.001 and 2.6% p<0.05, 
respectively). In men with DM, there was no significant change over time. 
The difference in time trends between men with or without diabetes was 
significant for first MI (p=0.001). In women without DM, there was a 
significant decrease in the number of recurrent MI by 7.2% per year 
(p<0.05), but not in the number of first MI. No other significant time trends 
were seen in women with or without DM. The proportion of diabetic patients 
amongst women with recurrent MI was 26.3% during 1989–1991 when 
compared with 45.5% for the years 1998 – 2000, Figure 10. The difference in 
time trends between women with or without diabetes was significant for 
recurrent MI (p=0.021). Trends in age-adjusted annual number of 
first/recurrent MI according to sex and presence of diabetes, 1989-2000 is 
presented in Table 6. 

 

 

 

Figure 10. Proportion of patients with diabetes in Northern Sweden MONICA 
myocardial infarction register. 
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Table 6. Trends in age-adjusted annual number of first/recurrent MI according to sex and 
presence of diabetes, 1989-2000, Paper I. 

 

Trends in myocardial infarction case fatality  

In men without DM and with a first MI, the 28-day case fatality decreased by 
2.7% per year (p<0.01), Table 7. Otherwise, there were no significant trends 
over time in non-diabetic men and diabetic men or significant differences in 
trends between the two groups. Also in women without DM and with a first 
MI, the 28-day case fatality decreased significantly by 6.8% per year. No 
significant time trends were seen in women with DM, Table 7. Although the 
time trends were not significant for women with diabetes, they indicate a 
declining case fatality of almost the same magnitude as for women without 
diabetes (-5.0%, CI -15.3 to 5.1%). 

 
Table 7. Trends in age-adjusted case-fatality in first/recurrent MI according to gender and 
presence of diabetes 1989-2000, Paper I. 
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Trends in myocardial infarction mortality rates 

In men without DM, there was a significant decrease in MI mortality rates, 
significant for first MI by 5.1% per year. In men with DM, no change in 
mortality rates was seen over time. 

In women without DM, mortality rates decreased significantly both for first 
and for recurrent MI by 5.1% and 11.9% per year respectively. No significant 
changes were seen in diabetic women regarding MI mortality. 

Paper II 

Between 1985 and 2003, 15 382 stroke events were registered for 9487 men 
and 5895 women in the age group 35 through 74 years. DM was present in 
22.8% of both men and women. Patients with DM were slightly older than 
patients without DM but the age difference between groups remained 
relatively unchanged during the study period. Mean age for patients without 
DM was 64.6 years in men and 65.6 in women. There was no significant 
change in mean age during the study period. Hypertension was somewhat 
more common in non-diabetics, but previous myocardial infarction and 
atrial fibrillation were more frequent in the diabetic population. Twenty-
three percent of the events were recurrent in the non-diabetic population 
and thirty-one percent were recurrent in the diabetic population, Table 8.  

 
Table 8. Description of the study population, Paper II. 

 

Trends in incidence of stroke 

The incidence of stroke at the study start, year 1985, was about 5-fold higher 
among diabetic men as compared with non-diabetic men. In women this 
increased stroke incidence was even more pronounced with a 7- to 9-fold 
higher stroke incidence for diabetic women as compared with non-diabetic 
women. In men this difference in incidence remained unchanged from 1986 
through 2003. In women there was a significant decline from an 
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approximately 9-fold higher incidence among diabetic in the beginning of 
the study period to 6-fold higher incidence at the end of the study period. 

For first-ever stroke, a significant declining trend of 0.8% per year (95 CI, 
0.3; 1.3) was seen in non-diabetic men, and a smaller insignificant decline, 
0.1%, was seen among diabetic men. Diabetic women had a significantly 
more favorable trend (p-value=0.012) with a yearly decrease in incidence of 
1.5% (CI 0.3; 2.7), compared to non-diabetic women with no change at all in 
first ever stroke incidence (CI -0.6; 0.6) (p-value=0.98). 

For recurrent stroke, the decline in incidence was significant for all but 
diabetic men. The greatest decline, 5.4%/year (CI 3.6; 7.2), was seen in 
diabetic women whereas non-diabetic women showed only a 2.7% yearly 
trend (CI 1.5; 3.8;), Table 9. 

 
Table 9. Trends in age-adjusted incidence of first and recurrent stroke according to sex and 
presence of diabetes, 1985-2003, Paper II. 

 

Trends in stroke case-fatality  

At the start of the observation period, the case-fatality for non-diabetic 
subjects was 15.3% in first-ever stroke and 17.8% in recurrent stroke. For 
diabetic subjects the case fatalities were 18% and 26.2%, respectively. All 
groups except diabetic women with first-ever stroke had a significant decline 
in case-fatality over time. Trends between non-diabetics and diabetics did 
not differ significantly. The yearly decline was higher in recurrent stroke 
than in first-ever stroke, Table 10. 
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Trends in stroke mortality rates 

At the start of the observation period, the mortality for non-diabetic men and 
women, was 38/100 000 and 25/100 000 respectively in first-ever stroke 
and 16/100000 and 9/100 000 respectively in recurrent stroke. At the end of 
the observation period, the mortality had declined for non-diabetic men and 
women to 22/100 000 and 14/100 000 respectively in first-ever stroke and 
5/100 000 and 2/100 000 respectively in recurrent stroke. 

For the diabetic subjects the mortality in first-ever stroke was at the start of 
the observation period 211/100 000 and 241/100000 for men and women 
respectively and 163/100 000 and 168/100 000 respectively in recurrent 
stroke. At the end of the observation period, the mortality had declined for 
diabetic men and women to 110/100 000 and 148/100 000 respectively in 
first-ever stroke and 72/100 000 and 31/100 000 respectively in recurrent 
stroke. Trends in mortality in first and recurrent stroke were similar to those 
for case fatality with declining mortality in all groups except diabetic women 
with first-ever stroke. 

 
 
 
 
 
 
 
 
 
 

Table 10. Trends in Age-Adjusted Case-Fatality in First and Recurrent Stroke According to sex and 
Presence of Diabetes, 1985–2003. 
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Paper III 

Baseline characteristics of all enrolled patient, with previous first ever MI, in 
this case-control study are shown in Table 11.  

 
Table 11. Baseline characteristics of enrolled individuals with myocardial infarction. 

 

In Table 12 a comparison between subjects (men and women) in control 
(MONICA) and MI cohort is shown. MI subjects were older and had higher 
body mass index (BMI) and waist circumferences. Hypercholesterolemia and 
smoking were more common in this group. Biochemical variables including 
blood lipids, fibrinogen, and PAI-1 activity were significantly higher amongst 
MI subjects whereas tPA activity was lower. The OGTT resulted in 
significantly more MI subjects with pathologic glucose tolerance (DM + IGT) 
and higher 2-hour insulin and proinsulin levels. A gender-specific analysis 
showed the same characteristics among men with an MI compared with 
control as in the total cohort. Among women there was no statistically 
significant difference between cases and controls although the trends were 
almost the same as for men. Plasma fibrinogen levels were higher in women 
with MI than in controls, though.  
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Table 12. Comparison between subjects in control (MONICA population Survey) and MI 
cohort. Mean (SD) or proportion (%) except for triglycerides, fibrinogen, PAI-1 activity, tPA-
activity, insulin, and proinsulin, which are expressed as geometric mean and percentiles (25–
50–75). Test for differences between groups with χ2 or t-test 

 

 

The two highest quartiles of fibrinogen and the lowest quartile for tPA 
activity were associated to MI but PAI-1 activity, insulin, and proinsulin were 
not, Table 13. The result persisted for men but for women the number of 
subjects was too small to analyze.  
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Table 13. Predictors of previous myocardial infarction in a multiple logistic regression 
analysis. Upper quartiles compared with lowest (insulin, proinsulin, PAI activity, fibrinogen) 
and lower quartiles compared with highest (tPA activity). 
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Paper IV 

A total of 158 participants completed the 10-year follow-up; 96 diabetic 
subjects (M/F 45/51), 48 with T1DM and 48 with T2DM, and 62 ND subjects 
(M/F 30/32). Sixty-five subjects (18 ND and 47 diabetic, 26 T1DM, and 21 
T2DM) did not complete the study.  

Seventeen subjects died during the study period (1 ND and 16 diabetic 
subjects, 6 T1DM and 10 T2DM). Subjects who died during the follow-up 
period had significantly higher systolic (SBP) and diastolic blood pressure 
(DBP) (both p<0.001) and diabetic subjects had higher HbA1c (p=0.006) at 
baseline compared with subjects who completed the 10-year follow-up. In 
addition, the toe-brachial index (TBI) at the baseline was lower (p=0.035) in 
the subjects who died during follow-up, indicating a more advanced 
atherosclerotic disease. Fifty-five percent of these subjects also had signs of 
LEAD, according to the study definition, compared with 15% of the subjects 
who completed the 10-year follow-up.  

Clinical and biochemical characteristics 

Changes in clinical characteristics of the study participants from baseline 
(Visit 1, years 1997-2000) to the 10-year follow-up (Visit 6, years 2007-2010) 
are displayed in Table 14. Both SBP and DBP were significantly lower after 
10 years of follow-up in T1DM and T2DM subjects (p=0.009 and p<0.001 
and p=0.002 and p<0.001, respectively). In ND subjects, only DBP was 
significantly lower after 10 years (p=0.006). In addition, LDL-cholesterol 
was significantly lower after 10 years in diabetic subjects (T1DM p<0.001 
and T2DM p<0.001) but not in ND subjects (p=0.32). Body weight (BMI) 
increased significantly in ND and T1DM subjects, but not in T2DM subjects 
at 10 years of follow-up (25.4 vs. 27.2, p=0.015; 24.9 vs. 26.2, p=0.05; and 
29.8 vs. 31.0 kg/m2, p=0.32, respectively).  
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Medication 
Significant changes in medication were seen over time with a higher 
proportion of statin treatment in all groups (ND, p=0.001; T2DM, p<0.001; 
and T2DM, p<0.001). The proportion of T2DM subjects on metformin 
increased significantly (p<0.001) and the use of sulphonylurea (SU) 
decreased significantly (p=0.001). Use of inhibitors of the renin-angiotensin-
aldosterone system (RAASi) increased significantly in the ND (p=0.021) 
group but no significant change was seen in T1DM or T2DM subjects over 
time (p=0.60 and 0.08). Changes in medication over time are displayed in 
Table 15. After 10 years of follow-up, 120 subjects (76%) were defined as 
having normal lower extremity blood pressure and 38 (24%), 6 ND and 32 
diabetic subjects (18 T1DM and 14 T2DM), as having a reduced peripheral 
blood pressure, i.e. sign(s) of early LEAD. The number of subjects with signs 
of LEAD was unchanged in ND and increased in T1DM and T2DM subjects 
over time. Importantly, no subject with LEAD returned to normal (no LEAD) 
over time. 

 
  
Table 15. Changes in medication from baseline to visit 6 (end of study). 

  
Fibrinolysis 

T2D subjects always had numerically higher levels of fibrinolytic markers 
(PAI/t-PA mass). Over time, PAI-1 activity increased significantly in ND 
(p=0.002) and T1DM (p=0.005) subjects, but not in T2DM subjects, in 
whom PAI-1 levels decreased significantly (p=0.006). Also, tPA-mass 
increased significantly over time in both the ND (p<0.001) and T1DM 
(p=0.002) groups but not in the T2DM (p=0.33) subjects. No significant 
change in tPA-activity over time was found in any of the subgroups (ND, 
p=0.32; T1DM, p=0.62; and T2DM, p=0.11). 

A novel finding in this longitudinal prospective cohort study was that 
baseline tPA-activity was prospectively associated with the presence of 
sign(s) of LEAD 10 years later (OR=1.78 [95% CI 1.02-3.10], p=0.043 and 
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OR=1.78 [1.12-2.23], p=0.014, respectively). In addition, tPA-mass at the 10-
year follow-up was associated with signs of LEAD (OR=1.07 [1.00-1.15], 
p=0.046). In contrast, no significant association was found for PAI-1 activity. 
Baseline age, hypertension, and HbA1c were independently associated with 
signs of LEAD at 10 years (OR=1.09 95% CI 1.04-1.14, p=<0.001, OR=3.68 
95% CI 1.67-8.12, p=0.001 and OR=1.54 95% CI 1.21-1.95, p=<0.001 
respectively). No significant associations were found in the subgroup 
analysis.  

Prospective analyses – from baseline to 10 years of follow-up 

In univariate analyses, baseline age (OR=1.08 [95% CI 1.04-1.14], p<0.001), 
hypertension (OR=3.68 [1.67-8.12], p=0.001), HbA1c (OR=1.54 [1.21-1.95], 
p<0.001) and tPA-activity (OR=1.78 [1.02-3.10], p=0.04) were significantly 
associated with signs of LEAD at 10 years of follow-up in the total study 
population. In the subgroups, only age at baseline was significantly 
associated with sign(s) of LEAD at 10 years in subjects with T1D (OR=1.31 
[1.12-1.52], p<0.001) and T2D (OR=1.1-13 [1.92-1.24], p=0.015). Results of 
the univariate analysis are shown in Table 16. 

In multivariate analyses, tPA-activity, PAI-1, and tPA-mass were analyzed 
one by one in the model adjusting for age, hypertension, and HbA1c. 
Baseline age, hypertension, HbA1c, and tPA-activity (OR=1.09 [1.03-1.14], 
p<0.001; OR=2.11 [0.89-5.03], p=0.09; OR=1.54 [1.20-2.02], p<0.001; and 
OR=1.90 [1.03-3.48], p=0.039, respectively) were significantly and 
independently associated with sign(s) of LEAD after 10 years of follow-up in 
the total study population. In subgroup analyses, baseline age was 
significantly associated with sign(s) of LEAD in subjects with T1D (OR=1.36 
[1.14-1.61], p<0.001) but not T2D and ND subjects (OR=1.09 [0.98-1.20], 
p=0.11 and OR=1.03 [0.94-1.13], p=0.54, respectively). No other significant 
associations were found between baseline clinical or biochemical variables 
and the presence of sign(s) of LEAD at 10 years follow-up.  
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Cross-sectional analyses – at 10 years of follow-up 

In univariate analyses, age (OR=1.08 [1.04-1.13], p<0.001), hypertension 
(OR=4.67 [1.82-11.98], p<0.001), HbA1c (OR=1.45 [1.16-1.82], p<0.001), 
triglycerides (OR=1.48 [1.01-2.18], p=0.046), and LDL-cholesterol (OR=0.52 
[0.32-0.84], p=0.008) at 10 years of follow-up were significantly associated 
with sign(s) of LEAD in the total study population. In addition, tPA-activity 
(OR=1.78 [1.12-2.83], p=0.014) and tPA-mass (OR=1.07 [1.00-1.15], 
p=0.046), but not PAI-1 activity (OR=0.99 [0.98-10.2], p=0.96), were 
significantly associated with the presence of sign(s) of LEAD at the 10-year 
follow-up.  

In subgroup analyses, age was significantly associated with sign(s) of LEAD 
in T1D and T2D subjects (OR=1.31 [1.13-1.52], p=0.001 and OR=1.11 [1.01-
1.21], p=0.026, respectively). The tPA-activity and tPA-mass were borderline 
significantly associated with sign(s) of LEAD in T1D subjects (OR=2.56 
[0.95-6.91], p=0.063 and OR=1.18 [0.99-1.40], p=0.057, respectively). The 
tPA-mass was significantly associated with LEAD in T2D subjects (OR=1.16 
[1.02-1.33], p=0.025). No other significant associations were found between 
clinical and biochemical variables and sign(s) of LEAD at 10 years of follow-
up. 

In multivariate analysis, tPA-activity, PAI-1, and tPA-mass were analyzed 
one by one, adjusting for age, hypertension, HbA1c, TG, and LDL-
cholesterol. Age, HbA1c, LDL-cholesterol, and tPA-activity (OR=1.08 [1.03-
1.14], p=0.004; OR=1.41 [1.03-1.92], p=0.031; OR=0.54 [0.30-0.96], 
p=0.036; and OR=1.04 [1.08-3.07], p=0.025, respectively) were 
independently associated with sign(s) of LEAD at 10 years of follow-up. In 
the subgroups, age was independently associated with sign(s) of LEAD in 
T1D and T2D subjects (OR=1.40 [1.13-1.71], p=0.002 and OR=1.33 [1.08-
1.64], p=0.007, respectively). In the T2D group, TG and LDL-cholesterol 
were also independently associated with the presence of sign(s) of LEAD 
(OR=11.3 [1.50-84.83], p=0.018 and OR=0.16 [0.03-0.81], p=0.027, 
respectively). In T2D subjects, the glycemic control (HbA1c) showed a 
borderline significant association with the presence of sign(s) of LEAD at 10 
years of follow-up (OR=2.73 [0.99-7.54], p=0.053, respectively), Table 17. 
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Table 17. Multivariate analyses of clinical and biochemical characteristics, including markers of 
fibrinolysis, in study participants (n = 158) with and without sign(s) of LEAD at the 10 year 
follow-up with the presence of LEAD at 10 years of follow-up as the dependent variable. 

 
 

Paper V 

The total number of patients was 129 (females = 19%; mean age = 64 ±7 
years). Clinical characteristics at baseline, visit 2 and at visit 3 (the end of 
study) are displayed in Table 18. A history of CVD was present in 97% of the 
participants and 60% had previously known diabetes. Sixty-eight (53%) of 
the 129 patients were randomized to the IG group and 61 (47%) to the SC 
group. There were no significant differences in baseline characteristics 
between these two groups, Table 18. The proportion of patients remaining in 
the study after two years of follow-up were 88% in the IG group and 93% in 
the SG group. The corresponding proportions by the end of the 6.2 years of 
follow-up, Visit 3, were 85% and 84%.  
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Time trends of background characteristics 

During the study period for the insulin glargine group BMI increased, 
systolic blood pressure (SBP) decreased and the treatment with metformin 
and ACE/ARB increased significantly. There was no significant change in 
HbA1c in insulin glargine group from baseline to end of follow-up. In the 
standard care group following baseline characteristic changed significantly; 
systolic blood pressure decreased, treatment with metformin and 
sulfonylurea increased, and the proportion of patients without glucose 
lowering drugs decreased. HbA1c increased. HbA1c was lower in the insulin 
glargine group than in the standard care group at visit 2 (5.7 and 6.1%; p= 
0.001), but not at the end of the study (6.2 and 6.4%; p= 0.22). Although 
BMI increased in patients in the insulin glargine group there was no 
significant difference in body weight between the two groups by the end of 
the study (92.7 and 89.6 kg; p=0.337). Patients in the SC group were at visit 
3 more frequently treated with aspirin (84 and 98%; p= 0.013) and 
metformin (29 and 47%; p= 0.056) than in the glargine group.Allocation to 
insulin treatment did not significantly affect any of the values of the 
fibrinolytic variables or VWF unadjusted or after adjustments as shown in 
Table 19. 

 
Table 19. Allocation to insulin treatment – Impact on fibrinolysis. 

  Unadjusted Adjusted Adjusted 2 
Analyte p-value p-value p-value 
tPA activity 0.931 0.989 0.999 
tPA/PAI 1 Complex 0.568 0.558 0.364 
tPA antigen 0.995 0.938 0.947 
PAI 1 Antigen 0.741 0.751 0.602 
vWF Mass 0.786 0.610 0.620 
Mixed linear regression models that assess the biomarker using a repeated measures 
analysis. The P value represents whether allocation to glargine versus standard care affected 
the change in the level of the biomarker over the 3 time points. 

 
There were no significant differences of the log mean delta levels of the 
fibrinolytic variables or VWF between the two treatment groups comparing 
baseline levels to those at Visit 2 (data not shown). In a similar analysis of 
log mean values between randomization and the end of the study (visit 3) 
both tPAact and tPA/PAI-1 complex increased and differed between the 
treatment groups as revealed by Table 20. 
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Question	1
Unadjusted Adjusted Adjusted	2 Adjusted	3

N Mean(SD) AntiLog N Mean(SD) AntiLog P P P P
tPAact1 55 -0.301	(0.811) 0.740 47 0.166	(0.790) 1.181 0.004 0.006 0.009 0.003
tPA_PAI1 55 -0.132	(0.372) 0.876 47 0.104	(0.444) 1.110 0.004 0.004 0.002 0.074
tPAant1 55 -0.089	(0.198) 0.915 47 -0.002	(0.266) 0.998 0.061 0.057 0.060 0.365
PAI1 55 0.095	(0.794) 1.100 47 0.071	(0.796) 1.074 0.878 0.873 0.874 0.728
vWF1 55 -0.118	(0.401) 0.889 47 -0.046	(0.273) 0.955 0.302 0.255 0.263 0.890

Glargine Standard	Care
Delta	V1-V3 Delta	V1-V3

 
 
Question 1: Is there a difference in delta values (i.e. the difference in biomarker levels between randomization, two years and 
EUF) between glargine versus standard care. 
Adjusted for a) allocation to glargine/standard care; b) allocation to omega-3FA/placebo; c) any diabetes as defined in the 
table; d) prior CVD. 
Adjusted 2 for a) allocation to glargine/standard care; b) allocation to omega-3FA/placebo; c)any diabetes as defined in the 
table; d) prior CVD; e) baseline metformin; f) baseline aspirin; g) baseline weight; h) baseline sulfonylurea or other glucose 
drug. 
Adjusted 3 for a) allocation to glargine/standard care; b) allocation to omega-3FA/placebo; c) any diabetes as defined in the 
table; d) prior CVD; e) baseline metformin; f) baseline aspirin; g) baseline weight; h) baseline sulfonylurea or other glucose 
drug; i ) V2 metformin; j) V2 aspirin; k) V2 weight; l) V2 sulfonylurea or other glucose drug.  
The P value is the cell is the P value for the effect of glargine versus standard care 

Within-group analysis 

The tPA/PAI-1 complex decreased from baseline to visit 2 from 25.0 to 21.9 
(p=0.024) in the insulin glargine group and from 26.3 to 23.8 (p=0.036) in 
the standard care group while the tPA activity increased from 0.5 to 0.8 
(p=0.033) in the insulin glargine group. No other significant changes in 
fibrinolysis were seen in any of the groups. Between baseline and the end of 
the study there were no significant changes in fibrinolysis in the IG or the SC 
groups while VWF mass increased in the IG group (1.86 to 2.11; p=0.024). 
Comparing visit 2 with visit 3 tPA/PAI-1 complex (21.9 to 26.8; p<0.001), 
tPA antigen (14. 1 to 15.7; p=0.001), and VWF mass (1.8 to 2.1; p=0.013) 
increased in the IG group. There were no significant changes in the levels of 
markers of fibrinolysis or VWF between visit 2 and visit 3 in the SC group. 

 
 
 
 
 
 
 
 

 

Table 20. Analyses for Question 1 by fitting a linear regression model with the outcome as 
the difference between the measures at Baseline and at Visit 3. 
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Discussion 

General discussion 
This thesis extends over a rather long span of time. Years studied in Paper I 
expand from 1989 t0 2000 and it was published 2005.  Stroke cases studied 
in Paper II are from 1985 to 2003. Many important changes have appeared 
since 1985 both in natural history, diagnostics, and treatment of diabetes. An 
increasing prevalence of diabetes has been seen in most populations 
throughout the world. Multiple factors influence the overall prevalence of 
diabetes and total burden of disease such as improved life expectancy, 
decreasing age of onset of diabetes and population demographic changes. A 
long-term persistent difference between incidence and mortality can also 
contribute significantly. There is no doubt that the total number of 
individuals with diabetes worldwide and the total prevalence of diabetes in 
Sweden will continue to increase as a result of changing population 
demography, improved treatment and decreasing mortality [29, 34, 209]. 
Although this may not represent an epidemic of diabetes according to the 
definitions in the epidemiology, many consider this term appropriate in 
relation to the increasing global burden of diabetes.  

The Northern Sweden MONICA population diverges from the global trends 
of increasing diabetes prevalence. A study from 2002 showed no increase in 
prevalence of known diabetes over a 13-year observation period in spite of a 
marked increase in BMI [203]. The development of more distal than 
abdominal obesity, a diet with less saturated fat and lower glycemic index, 
and fewer regular smokers in the population may contribute to this. The 
effects of obesity may thus be attenuated by other secular trends in society 
and highlight possible ways of limiting the worldwide increase in diabetes. 
During these years there have been significant developments and 
improvements of both prevention and treatment of diabetes and its 
complications. There are promising studies in diabetes prevention in high-
risk populations with significant reduction of diabetes incidence both with 
pharmacological and non-pharmacological approaches [39, 40]. There is 
also an expectation that immunological methods may prevent T1DM in the 
future [210]. Complication prevention has been focused on traditional risk 
factors such as hyperglycemia, hypertension, dyslipidemia, lifestyle 
intervention, and particularly smoking cessation. Treatment for 
hyperglycemia is proven to be effective in preventing microvascular 
complications [10, 11, 211] but in reduction of macrovascular complications 
and mortality the effect of glucose lowering is still very unclear [17, 181]. 
Long-term, target-driven multifactorial risk factor interventions have shown 
beneficial effects with respect to vascular complications and on rates of death 
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from any cause and from cardiovascular causes in patients with T2DM [26, 
27]. Several studies report decline in incidence, morbidity, and mortality in 
essentially all cardiovascular disease. This is particularly true in general 
populations but in recent years encouraging results have been reported also 
for the diabetic patient population [48, 212-220]. Nevertheless, the adverse 
disparity in CVD between diabetic and non-diabetic patients remains 
significant [194, 221, 222]. These studies implicate common pathways in 
cardiovascular risk in diabetes that are not reversed by traditional risk factor 
intervention. It is of great importance to identify and further study these 
potential pathways and novel risk factors. To avoid semantic confusion and 
to provide a conceptual framework in discussion of risk factors and markers, 
Table 21 displays a basic glossary. 

As new risk factors emerge they should be carefully evaluated in several 
aspects before considering these markers for routine patient care [223].  

1. The measure should add important independent information about 
risk or prognosis, beyond that which could be gathered from current 
standard measures.  

2. The measure should account for a large proportion of the risk 
associated with the given disease or condition. This is a function of a 
combination of the magnitude of the risk and the prevalence of the 
risk factor. However, for common conditions such as cardiovascular 
disease, accounting even for a modest proportion of risk could have 
important public health and clinical implications.  

3. The measure should be reproducible.  
4. As a diagnostic tool it should be sensitive and specific and have a 

high predictive value.  
5. The test should be available and practical to implement.  

Table 21. Biomarkers – A basic glossary.  
Adapted from Biomarkers Definitions Working Group. Biomarkers and surrogate end-points: 
preferred definitions and conceptual framework. Clin Pharmacol Ther. 2001;69:89–95. 
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Careful consideration of these factors can guide the useful transition of new 
markers into clinical practice and improved patient care. Further hypothesis 
generating, mechanistic and finally interventional studies are essential in the 
ambition to reduce the excess cardiovascular risk still associated with 
diabetes.  

Altered fibrinolysis in general and hypofibrinolysis in particular has been 
described both for patients with disturbed glucose metabolism [140] and for 
patients with cardiovascular disease [97, 98, 142, 224, 225]. A previous study 
has shown that in subjects with insulin resistance in the highest tertile had a 
significantly higher PAI-1 activity than that of the subjects in lowest third 
[140]. There was also an interaction between insulin resistance and 
triglycerides. Low versus high levels of both variables together were 
associated with a substantial difference in PAI-1 activity. The tPA activity 
was inversely correlated to both insulin resistance and serum triglycerides. 
These findings suggest that in a general population, the “insulin resistance 
syndrome” is closely associated with low fibrinolytic activity. 

Discussion on individual papers 

Paper I:  

The results of this study are very discouraging. No favorable time trends in 
MI incidence, morbidity, or mortality were seen for patients with diabetes. 
There are to date numerous studies addressing the fact that DM is a severe 
risk factor for CHD and an indicator for poorer prognosis with established 
CHD [226, 227]. These studies have presented differences in symptoms, 
management, and prevention as potential explanations for these disparities. 
Atypical symptoms or asymptomatic MI are more common in patients with 
DM [228] although a study from 2011 from Northern Sweden MONICA 
population could not verify that diabetes is a predictor for atypical symptoms 
[229]. Individuals with DM are admitted later and are less likely to receive 
thrombolytic therapy [230-233]. This is also the case in Sweden. A large 
study has shown that Swedish patients with DM received significantly less 
treatment with heparins, intravenous beta blockade, thrombolysis, and acute 
revascularization than non-diabetic patients [234]. 

Risk factor intervention, management of acute MI, and secondary prevention 
have all been intensified and improved considerably during the study years. 
Why don’t patients with DM benefit from these improvements in 
management of CHD? Although the negative role of DM for the development 
of CHD is increasingly recognized, many differences in the prevention and 
treatment of MI still remain. It is also possible that DM is so strong as an 
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independent risk factor for CHD that a residual risk remains in spite of 
optimal risk factor intervention [235]. This may be partly due to the fact that 
even the most optimal treatment against hyperglycemia usually does not 
lead to normalized glucose metabolism. This study was, at the time for 
publication, one of the first population-based surveys analyzing time trends 
in both incidence and mortality in MI in patients with DM.  

If the differences in time trends shown in our study persist in future, the 
proportion of patients with DM will increase even further in the MI 
population. That increase has already become obvious amongst women with 
recurrent MI with a greater over representation of women with DM in this 
subgroup. Our findings are consistent and show that diabetic patients have 
not benefited from intensified cardiovascular prevention and treatment to 
the same degree as patients without DM. These findings should be explored 
in further studies and populations.  

Somewhat encouraging is a more recent study from the same MONICA 
population, that can demonstrate improved survival in both groups, 
although the effect of diabetes upon mortality has not diminished. The long-
term survival after first MI is still markedly lower in diabetic patients 
compared to non-diabetic [221]. Similar results have been reported from a 
MONICA population from Germany with improved survival after MI both 
for diabetic and non-diabetic subjects. However, the mortality remained 
significantly higher in the diabetic population [215]. A study from 2009 
showed similar improvement in case-fatality overtime after first acute 
coronary syndrome both for subjects with T2DM and those without [219]. 
Several other studies have also, to date, shown beneficial time trends in CHD 
also for patients with DM [48, 194, 212-214, 216, 217]. A very recent study 
from Australia has even reported greater improvements in 30-day case-
fatality in diabetic population during the 13-year study period resulting that 
diabetes no longer was a predictor for higher case-fatality [220]. Time before 
diagnosis of diabetes, prediabetes with progressive insulin resistance and its 
different manifestations, and IGT and IFG contributes certainly to the 
excessive CVD risk in diabetes. 

Paper II:  

Paper II displays declining incidence in stroke for non-diabetic men, both for 
first and recurrent stroke and in recurrent stroke also for non-diabetic 
women. For diabetic individuals, beneficial time trends in incidence were 
shown only for women. There is no apparent explanation for this gender 
difference. A previous American study did not find any gender differences in 
care adherence between male patients and female patients with diabetes 
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[236]. Furthermore, a Swedish study showed that there is no gender 
difference in the level of glycemic control, although diabetic women visit 
outpatient clinics more frequently than diabetic men [237]. At least in the 
Swedish population, the women with first-ever stroke are older than men 
and this age difference was evident also in our study. The gender differences 
observed in this study may, therefore, partially be explained by the upper age 
limit of 74 years. 

Patients with diabetes and stroke had similar positive, though less evident, 
time trends as non-diabetic subjects in mortality and case-fatality. This is 
particularly true considering recurrent stroke that indicates a successful 
secondary prevention. On the other hand, more recurrent stroke events 
among diabetic subjects were seen compared to non-diabetic subjects. This 
indicates a need for more intensive secondary prevention for diabetic 
patients. 

This study reports declining stroke incidence for the first time in Northern 
Sweden. The fact that patients with diabetes to a great extent had similar 
favorable time trends as non-diabetic patients is particularly interesting 
considering the fact that the diabetic patients with myocardial infarction 
from the same population did not have any positive time trends as shown in 
Paper I. The question consequently raised is: Why does a diabetic population 
have a different time trend in myocardial infarction compared with stroke? 
Hypertension, as a risk factor, has a greater impact in stroke than in 
coronary heart disease [238]. This is probably part of the explanation to why 
there is a difference in time trends in myocardial infarction for diabetic and 
for non-diabetic subjects but not in stroke. After UKPDS [239] the impact of 
hypertension for diabetic patients has been more in focus, and hypertension 
is now more intensively treated in diabetic patients. 

The decline in smoking and large decreases in cholesterol levels in the 
population during the study period have also contributed to the declining 
incidence in both diabetic and non-diabetic subjects [240, 241]. 

Previous studies in stroke epidemiology indicate declining case-fatality and 
declining stroke incidence at least in the Western world [242-248]. Declining 
incidence combined with declining case-fatality results in a decrease in total 
stroke mortality. This study confirms declining case-fatality and mortality 
due to stroke in Northern Sweden MONICA stroke population. During the 
study period specialized stroke units had been introduced and established 
widely in Northern Sweden, providing more accurate management of stroke 
patients and thus reducing acute stroke case-fatality. The fact that stroke 
units save lives has been shown in a previous meta-analysis [249]. More 
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recent study from the same MONICA population has shown improved long-
term mortality for patients both with and without diabetes. The long-term 
survival was markedly lower in patients with diabetes and this disparity 
persisted over a 24 years observation time [222]. Similar improvements, but 
persisting difference in long-term survival between diabetic and non-diabetic 
stroke patients, have been reported in other studies and other populations 
[218, 250] 

This study has described favorable time trends in stroke for subjects with 
diabetes and it has confirmed previous results showing large risk increases 
for stroke among people with diabetes [55]. The prevalence of patients with 
known diabetes in the stroke registry was almost 23% as compared with 5% 
to 7% known diabetes in the actual population in the same age range. We 
need to intensify our primary prevention of cardiovascular disease in the 
diabetic population. There were more recurrent events among diabetic 
subjects than among non-diabetic subjects. Therefore, secondary prevention 
for the diabetic patient with established cardiovascular disease must be 
intensified with intervention against all traditional cardiovascular risk 
factors. Treatment of hypertension and hyperlipidemia are instrumental to 
this aim. 

Paper III:  

This study presents an association between decreased tPA activity and 
increased fibrinogen levels in patients with a first MI when patients were 
examined 3 months after the event. The results persisted even after 
adjustment for traditional risk factors and variables mirroring the insulin 
resistance syndrome and were significant in the whole study group of MI 
subjects as well as for men alone. 

The PAI-1 activity and tPA release have been described to require more than 
3 weeks to return to basal levels after an MI [251]. tPA-activity measured 3 
months after the event indicate that levels of tPA are habitually low among 
subjects with previous MI. Significant relationships were seen between 
proinsulin levels and the occurrence of an MI in univariate analysis but 
insignificant after multiple adjustments. For women with MI the number of 
subjects was too small to analyse in multiple regression but univariate data 
show a similar trend. Explanations for impaired fibrinolysis have been 
suggested to be either: (i) endogenous low tPA production with normal PAI-1 
production leading to fast complex formation and resulting in low tPA 
activity, (ii) normal tPA production with an overproduction of PAI-1, or (iii) 
a combination of both [252, 253]. The possible effect on hepatic clearance is 
unknown. Most of the tPA antigen is bound in complex with inhibitors like 
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PAI-1. The apparent discrepancy between low tPA activity and high tPA mass 
concentration can partly be explained in terms of high PAI-1 levels that bind 
complex circulating tPA [254]. If no fibrin is present in blood vessels the 
liver rapidly clears tPA from the circulation resulting in a half-life time of 5– 
10 min. An elevated concentration of PAI-1 as in individuals with thrombotic 
disease results in a rapid formation of the inactive complex and shortens the 
half-life time of tPA to <60 s [255]. The tPA/PAI-1 complex is cleared at a 
slower rate than active tPA [256]. Hence, increased plasma concentration of 
PAI-1 will be paralleled by an increased plasma concentration of tPA antigen 
despite an unchanged endothelial secretion rate indicating a reduced local 
fibrinolytic capacity. Furthermore, there is an inverse correlation between 
tPA antigen and tPA activity. This indicates that the systemic plasma level of 
tPA antigen poorly reflects the endothelial secretion rate of the active 
protein. 

A critical factor in the regulation of fibrinolysis seems to be PAI-1, which in 
part is synthesized in adipocytes. Factors like obesity, hyperglycemia, 
hyperinsulinemia and hyperproinsulinemia stimulate the synthesis and 
secretion of PAI-1 [257]. Fibrinogen is also positively correlated to the 
insulin resistance syndrome [204, 258]. PAI-1 has been suggested to have a 
role in atherothrombotic disorders through an association with established 
risk factors in the presence of underlying insulin resistance [257]. Hence, 
some traditional thrombotic risk factors such as hypertension, obesity, and 
high levels of serum triglycerides might to some extent regulate the synthesis 
of PAI-1 thereby modulating the effect on thrombolysis. 

In the present investigation insulin and proinsulin were associated with MI 
in univariate but not in multivariate analysis, which might be due to low 
sample size or co-linearity with other variables within the insulin resistance 
syndrome. The reason that the study could not confirm previous results 
showing that high proinsulin levels were independent predictors of MI, in a 
nested case–control study [258], is not clear but an explanation may be that 
other factors are more evident as risk factors after than before an MI. Also, 
subjects with previously diagnosed diabetes were excluded from study. 

In conclusion, the study shows that low tPA activity and high fibrinogen 
levels characterized subjects after a first MI before the age of 65. Adjustment 
for conventional risk factors and factors in the insulin resistance syndrome 
did not affect the result. Many studies have shown influence of tPA and PAI-
1 mass concentrations as well as their complex in subjects with 
cardiovascular disease. The focus on tPA activity could be more relevant as 
measurement of tPA activity is closer to the ultimate clinical event, i.e. 
thrombosis with subsequent fibrin degradation by plasmin, than 
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measurement of its inhibitor PAI-1 or the complex-bound tPA antigen. 
Prospective studies are underway in the northern Sweden MONICA Study to 
evaluate whether endogenously low levels of tPA activity predict MI in 
previously healthy persons. 

Paper IV:  

A novel finding in this longitudinal prospective cohort study was that 
baseline tPA-activity was prospectively associated with the presence of 
sign(s) of LEAD 10 years later, indicating that tPA-activity may predict the 
development of LEAD. We also confirmed a cross-sectional association 
between tPA-activity and sign(s) of LEAD. In addition, we found a novel 
cross-sectional association between tPA-mass and sign(s) of LEAD. The 
cause-relationship between tPA-activity and sign(s) of impaired peripheral 
circulation or LEAD is still not fully evaluated. Do alterations of the 
fibrinolytic system precede development of diabetes and signs of LEAD or 
are the changes in tPA-activity and tPA-mass merely consequences and 
markers of a disturbed peripheral circulation?  

It was previously shown that disturbances of the fibrinolytic system are 
present early in metabolic syndrome and diabetes [94], and that 
hypofibrinolysis may predict development of the diseases [86]. However, in 
this study, an increased level of tPA-activity was associated with signs of 
LEAD both at baseline and at the 10-year follow-up; thus, this could be a 
compensatory mechanism to maintain peripheral circulation by preventing 
blood clot formation. The synthesis of tPA requires a relatively intact 
endothelium [259, 260], indicating that this postulated compensatory 
mechanism should be active early on in atherosclerotic disease. The findings 
at 10 years in this study are consistent with the previous baseline findings in 
the same population [106] and support that tPA-activity is associated with 
the presence of sign(s) of LEAD. It is still unclear if tPA-mass is only a risk 
marker or a true risk factor for CVD. The relationship found between tPA-
mass and signs of LEAD in this study should be further evaluated. 

Also, plasma PAI-1 is elevated in patients with T2DM and metabolic 
syndrome [94]. This increase in PAI-1 may contribute to the increased risk 
for thrombotic events found in these patients [121, 175]. This paper showed 
an increase in PAI-1 levels in ND and T1DM subjects, but not in those with 
T2DM, over time. In contrast, the PAI-1 levels decreased during the 10-year 
follow-up period in T2DM subjects. The significance of the decrease in PAI-1 
levels in T2DM is unclear. A previous study suggested that an increase in 
tPA-activity could be a compensatory mechanism to protect against the 
otherwise prothrombotic state in subjects with T2DM [105]. In this study, 
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the significant changes in statin and metformin treatment over time may 
have contributed since these medications may alter fibrinolytic markers 
[261, 262]. 

Paper V:  

The main finding was that allocation to insulin treatment did not induce any 
significant changes in the markers of fibrinolysis or VWF. There were higher 
levels of tPAact and tPA/PAI-1 complex in the insulin glargine group. As 
both tPAact and tPA/PAI complex increased and there were no significant 
changes of PAI-1 and tPAag, no conclusion can be made of an improved 
fibrinolysis in the insulin glargine group. Accordingly, the main hypothesis 
that insulin glargine treatment would reduce tPA antigen by at least 20 % 
over time was not confirmed. In the within-group analysis VWF increased 
significantly in the IG group. This result should be interpreted cautiously and 
be regarded as a hypothesis-generating finding. 

To the best of knowledge this is the first study to compare the long-term 
impact of insulin treatment compared to standard glucose lowering therapy 
on endothelial-derived components of the hemostatic- and fibrinolytic 
systems in people with dysglycaemia and high risk for cardiovascular events. 
The lack of a difference between the two treatment groups is in line with the 
absence of an impact of insulin glargine on cardiovascular outcomes as seen 
in the ORIGIN trial [263]. Insulin therapy has been shown to at least partly 
restore insulin-stimulated endothelial function in patients with T2DM and 
ischemic heart disease [264]. We hypothesized that this might have had a 
favorable impact on the fibrinolytic balance through an improved endothelial 
function, but the findings in the present study did not support such an 
improvement as compared to usual care. Insulin infusion stimulates both 
endothelin-1 and nitric oxide activity [265], which theoretically may affect 
also endothelial derived hemostatic factors.  

 The levels of tPAact were lower and tPAag and PAI-1 higher in studied 
patients than those among healthy participants in the northern MONICA 
survey [90, 94]. Findings in this paper are consistent with a hypofibrinolytic 
state, characterized by low tPAact and increased tPAag and PAI-1, and were 
observed both at baseline and with limited changes at the end of trial. Thus, 
a contributory reason to the neutral outcome of the ORIGIN trial may be that 
the hypofibrinolytic state remained unchanged during the time of follow-up 
both in the insulin treatment group and the standard care group. On the 
other hand, no significant deteriorations were found for fibrinolytic 
components over time. An expected finding in this long-term study would 
rather have been an increase in the fibrinolytic variables and VWF as a result 
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of ageing in the studied patients [266]. In the northern Swedish MONICA 
project, PAI-1 increased over nine years by 75% and 90% in males and 
females, respectively. A further deterioration may have been counteracted by 
the increased use of angiotensin converting enzyme inhibitors (ACEIs) in 
both treatment groups. In survivors of myocardial infarction enalapril 
compared to placebo was associated with significantly lower levels of tPAag 
[267]. Among antihypertensive drugs, ACEIs have been found to have the 
most beneficial effect on the fibrinolytic components [268]. Still, there is a 
great need to find new pharmacological treatments with beneficial effects on 
the fibrinolytic and hemostatic systems. The increase in BMI in the IG group 
may have had an impact on the fibrinolytic system [165], and weight gain 
may also increase inflammation [269], which is closely linked to a 
deterioration of the fibrinolytic balance [163]. 

The present results seem to exclude an effect that is <20% of insulin glargine 
on the studied components of the fibrinolytic system or VWF. However, a 
number of unintended confounders, which could not be held constant over 
time, such as weight gain, other life style changes, or drug treatments, may 
also have influenced the fibrinolytic balance. 

The within-group explorative analyses revealed a more complex pattern. 
Many of the markers of fibrinolysis showed a curvilinear time trend. The 
findings should be interpreted with caution but may suggest some 
fibrinolytic improvement in the glargine group in the early period (up to two 
years) but deterioration by the end of the study. One aspect that may have 
played a role is that the awareness of the importance of lifestyle changes over 
time with greater personal engagement to health issues are more 
pronounced at the beginning of the study period but with gradual reduction 
over time [270]. 

Most important for the fibrinolytic system are changes in BMI and treatment 
with metformin [165, 262, 271]. These confounding factors may have had a 
greater impact on changes of the fibrinolytic variables and VWF than insulin 
glargine treatment per se. The treatment with metformin increased 
significantly in both study groups, and as could be expected more 
pronounced in the SC group.  

The clinical message is that neither insulin nor standard glucose lowering 
agents seemed to improve the hypofibrinolytic state in patients with 
dysglycaemia at high cardiovascular risk.  

Among life-style oriented interventions weight reduction [164] and 
endurance physical activities have been associated with beneficial effects 
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unaffected and independent of food composition by reducing PAI-1 although 
leaving tPA activity unaltered [167]. The external validity of these 
observations are limited since the reports are from small studies with short 
periods of follows-up. Still, they underline the importance of the well-known 
importance of life-style adjustments as part of the management of patients 
with dysglycemia. 

The allocation to insulin treatment did not affect the levels of markers of 
fibrinolysis or VWF. Even if this to some extent may relate to confounding 
factors, it offers some further insights into why tight insulin based glucose 
control was not more efficient than conventional glucose lowering treatment 
in regard to protection from cardiovascular events in the ORIGIN trial. 

Type 1 versus type 2 diabetes 

Although type 1 and type 2 diabetes share the same definition and principally 
the same diagnostic criteria they are in several aspects two different diseases. 
In spite of the differences, cardiovascular disease affecting coronary and 
cerebral circulation and peripheral arteries in the lower limbs is accelerated 
in both Type 1 and Type 2 diabetes subjects. As a result, CVD is the major 
cause of morbidity and mortality in both of these diabetes populations. Paper 
IV in this thesis shows that regarding the distribution of fibrinolytic 
variables; patients with T1DM are more like non-diabetic individuals than 
patients with T2DM. For PAI-1 this is illustrated in Figure 11. Control and 
T1DM subjects have lower PAI-1 levels compared to subjects with T2DM. 
Also, the trends over time in PAI-1 levels are opposite between controls and 
T1DM compared to T2DM.  
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Figure 11. PAI-1 levels over time. Paper IV. 

Around 85% of subjects with T2DM diabetes have underlying insulin 
resistance [272], which precedes the development of hyperglycemia. In 
contrast, in T1DM hyperglycemia is the dominant abnormality with insulin 
resistance appearing late in patients who develop renal disease. Insulin 
resistance is characterized by a decrease in insulin effect in tissues involved 
in glucose metabolism, the liver, skeletal muscle, and the adipocyte. In 
T2DM this leads to a compensatory increase in insulin secretion and 
eventually secondary beta cell failure. Furthermore, insulin resistance occurs 
in cells involved in vascular disease including endothelial cells, platelets, 
macrophages, and cardiac myocytes. The observation that clustering of CVD 
risk factors occurs in association with measures of systemic insulin 
resistance led to the concept of ‘Syndrome X’ [8] which includes the 
association of resistance to insulin-mediated glucose uptake with glucose 
intolerance, hyperinsulinemia, dyslipidemia, and hypertension. Since the 
original description, however, it has become obvious that insulin resistance 
is associated with alterations in both the hemostasis and inflammatory 
cascades. In this respect, a spectrum of metabolic conditions exists ranging 
from: hyperinsulinemia euglycemia through impaired glucose tolerance, 
insulin resistance co-existing with beta-cell failure in T2DM, and 
hyperglycaemia with renal damage in T1DM. These conditions, which all 
have insulin resistance in common, are associated with thrombotic risk 
factor clustering and enhanced vascular risk.  
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Gender perspective 

There are clear gender differences in CVD incidence, morbidity and 
mortality [44, 53, 230, 232, 273-278]. The fibrinolytic system also shows 
differences between men and women [44, 155, 157, 169].  

The difference in the incidence rate in MI between diabetics and non-
diabetics shown in Paper I, was even more marked in women than in men, 
and the incidence of first MI for diabetic women was 15 times higher than in 
non-diabetic women. In Paper II the favorable time trends for diabetic 
population was only shown for women. 

The risk of dying of heart disease is now 60–70 per cent higher among men 
than among women. The gender disparity for stroke is considerably smaller 
at 20 per cent. Men in all age groups run a significantly higher risk of dying 
of a heart attack, while the gender disparity for stroke mortality is 
considerably less [279]. 

Strengths and limitations 

Paper I and II 

The strict adherence to the MONICA procedures during event registration 
gives reliability and strength to the data collection and analysis. The quality 
and internal validity in the WHO MONICA Project is well recognized [280]. 
Papers I and II have truly population-based data and include all MI and 
stroke events and not only subjects admitted to hospital. Results also have 
good external validity and accurately describe the time trends for the actual 
population. The 12- and 19-year study periods should have been sufficient to 
detect differences in time trends. Still, it is not possible to totally rule out 
that the studies have insufficient power to detect modest changes over time 
in subjects with DM, such as are implicated in women with first MI.  

It is well known that a considerable proportion of patients with MI have 
undiagnosed diabetes or impaired glucose tolerance [281]. The aim for 
Papers I and II was to mirror the time trends in MI and stroke in subjects 
with previously diagnosed diabetes. In the retrospective data it is difficult to 
know how many non-diabetic patients would have been diagnosed as 
diabetic if other definitions had been used. How this would have influenced 
the results is not possible to know. For this reason, the main criterion for 
inclusion in these studies was that this diagnosis had been made previously. 
Patients who were diagnosed as diabetics during the event were excluded 
from the study. Nevertheless, the main conclusion in these studies remains 
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unquestionable: that time trends for subjects with known diabetes are not as 
beneficial as time trends for non-diabetic subjects. 

The results of Paper I and II are dependent on the estimates of the number 
of diabetic men and women in the background population, and are based on 
the assumption that the number of diabetic people remained stable over 
time. The background population has been very stable and the prevalence of 
diabetes has been relatively unchanged according to a previous study. The 
proportion of DM diagnosed with OGTT was unchanged over time in the 
background population [203]. 

The age range in Paper I was somewhat narrow with an upper age limit of 65 
years, and thus we have no information about the time trends for older 
patients. When the WHO MONICA Project started, the age of patients who 
were included in MI register was below 65 years but since 2000 the 
Northern Sweden Monica Project also registers patients with MI up to 75 
years of age. For the MONICA stroke register age limits are 35 – 74 years and 
thus an important segment of the stroke population has not been included. 
However, there in no convincing reason to believe that the results differ 
among the eldest.  

A limitation for the generalizability of our study is the lack of increase in 
diabetes prevalence observed in other communities. On the other hand, 2 
previous Swedish studies have also reported unchanged diabetes incidence. 
In the county of Skaraborg diabetes incidence was unchanged between years 
1991 to 1995 and in the Laxå municipality both the diabetes incidence and 
prevalence was unchanged between years 1988 to 2001 [282, 283]. 

Both Paper I and II are done in a predominantly Caucasian, white 
population, and this could suggest that results may be different in ethnically 
diverse populations. 

Paper III 

At the date for publication, the findings concerning low tPA activity in 
survivors of a first MI had not been described before, analysed with multiple 
regression and thereby taking probable confounders into account, whereas 
fibrinogen is an established predictor of MI [30]. The total number of 
participants was small and the age matching of men was imprecise which are 
limitations of the study although the final data were adjusted for differences 
in age. However, this study did use a truly population-based control sample 
and cases were validated according to the strict MONICA Protocol. 
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Paper IV 

The strength of this study is the long 10-year observation time. There are no 
other long-term studies on changes in fibrinolytic factors comparing diabetic 
and non-diabetic subjects and assessing the signs and symptoms of 
peripheral vascular disease. In addition, the consistent methodology during 
the study adds reliability to study results. The associations between more 
traditional risk factors for CVD such as age, hypertension, HbA1c, LDL-
cholesterol, and sign(s) of LEAD indicate that the study population may be 
representative of a more generalized population. 

A main concern in this study is that 65 out of 223 subjects (29%) actually did 
not complete follow-up and drop-outs may lead to a selection bias that is 
difficult to account or adjust for. Diabetic subjects were selected from a 
hospital outpatient clinic with a possible selection bias towards more 
advanced diabetes compared with the population treated and followed in 
general practice. This study could not show any significant associations 
between fibrinolysis factors and the presence or development of sign(s) of 
LEAD in subgroups. A plausible reason for this is the lack of power due the 
relatively small number of subjects in each subgroup. The size of the study 
population was limited at 10 years of follow-up and may, therefore, limit the 
possibility to detect significant associations. The observed associations of 
fibrinolytic parameters with LEAD in the total study population may be 
biased due to the merge of data from non-diabetic subjects as well as T2D 
subjects. The definitions of LEAD and reduced peripheral circulation are 
somewhat arbitrary and based on a healthy normal population, but this 
should not have influenced our 10-year results since the definitions and 
diagnostic measures were exactly the same as at baseline. Potential 
confounders affecting the results are temporal changes in medications, such 
as a larger proportion of subjects receiving treatment with statins, 
metformin, and acetylsalicylic acid (aspirin) at the 10-year follow-up 
compared with baseline. Use of metformin increased substantially after The 
UK Prospective Diabetes Study (UKPDS) was presented and metformin 
treatment has been shown to decrease PAI-1 levels [262, 284]. Observed 
changes in body weight (BMI) over time can also be a confounder via 
obesity-driven chronic inflammation and impaired fibrinolysis [285]. Data 
on other inflammation markers such as CRP were not available at follow-up. 
Finally, subjects lost to follow-up were younger and possibly also healthier 
than the subject that completed the 10-year follow-up, also suggesting a 
selection bias. In studies with very long observation times, the stability of 
frozen plasma samples could be questioned. However a relatively recent 
study showed that storing plasma at -80 °C for up to 20 years only affects 
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tPA-activity, PAI-1 antigen, and the tPA-PAI-1 complex to a quantitatively 
negligible extent [208]. 

Paper V 

Strength of this prespecified, Swedish sub-study to ORIGIN is that a 
representative number of the components of the fibrinolytic systems and 
VWF were followed over a long time period in a randomized trial. Still there 
are limitations whereof the limited number of patients studied is one, 
especially in consideration of the large the number of potential confounders 
that may affect both the exposition and outcome and which, by natural 
reasons could not be kept constant over time. Findings in this study may 
therefore just be a random effect or interactions with these confounding 
factors. The results should therefore be interpreted with caution but should 
still offer further insights in mechanisms of importance for cardiovascular 
protection. 

Clinical perspectives 

This thesis highlights further the heavy burden of cardiovascular 
complications for patients with diabetes. It is established beyond doubt that 
patients with diabetes must be considered as high-risk individuals for CVD. 
Previous studies indicate that there is still an underutilization of evidence-
based treatment for patients with diabetes although they evidently have 
similar beneficial effects of an aggressive risk factor intervention [234, 286, 
287]. Health care must focus on more extensive use of established treatment 
to improve the poor prognosis among people with diabetes and 
cardiovascular disease.  

Treatment of hyperglycemia is, of course, essential. A positive association 
between HbA1c and risk of micro- and macrovascular complication in T2DM 
patients is shown in both previous studies [115, 288, 289] and meta-analysis 
[290, 291]. It is well established that improved glycemic control reduces risk 
for microvascular complications in both T1DM and T2DM, while the role of 
glycemic control in reducing the risk of macrovascular disease is less clear 
[292]. UKPDS has shown that tight control of HbA1c is beneficial with 
regard to CVD risk during 10 years of post-trial follow-up [293], while 
ACCORD [21], ADVANCE [19], and VADT trials [20] have not been able to 
confirm the beneficial effect of tight glucose control on CVD risk. For this 
reason, it is also important that new treatment modalities, in particular 
directed towards novel risk factors, should be further explored. Alterations in 
fibrinolysis i.e. hypofibrinolysis in individuals with metabolic syndrome, 
IGT, IGF and manifest diabetes should be addressed with further studies 
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investigating how fibrinolysis is linked to cardiovascular disease. 
Subsequently this should lead to novel treatments and cardiovascular 
prevention. 

Not only diabetes but also different manifestations of dysglycemia such as 
IGT and IFG still constitute a heavy cardiovascular disease burden. There is 
great focus on treatment of classic risk factors on best practice guidelines, 
both from ADA and ECS. How intensive we should treat hyperglycemia is 
currently under debate. The consensus for now is to treat early diabetes and 
relatively healthy patients intensively, preferably to normoglycemia. 
Hyperglycemia in patients with longer diabetes duration and concomitant 
disease, especially CVD, should be treated more moderate to avoid risks with 
hypoglycemia. This is, of course, correct, but it is obvious that this is not 
enough to reduce the risk to the same level as in individuals with normal 
glucose metabolism. To reduce this residual risk more focus is needed for 
further studies of novel risk factors such as inflammation and fibrinolysis. 
We must also find methods to reduce the cardiovascular risk of prediabetes, 
insulin resistance, and metabolic syndrome as a whole.  

Future research 

Study period for Paper I was 1989 – 2000 and for Paper II 1985 – 2003. A 
significant amount of time has passed since these studies were conducted  
and it would be very interesting to study if a time trend for patients with 
diabetes and MI or stroke is more currently more favorable in these 
populations. It is vital to verify that evidence based treatment recommended 
for the general population also ultimately benefits patients with diabetes. It 
is crucial for health care to use this information to ensure correct treatment 
for this high-risk population. The Northern Sweden MONICA Project MI 
registry also registers pre- and post-event medication as well as treatment 
during the event. As discussed above, the adverse prognosis of patients with 
DM may partly be due to differences in the management of diabetics with 
MI. An important follow-up to the present study would be to investigate 
differences in time trends in primary and secondary prevention and in 
management of MI for patients with or without DM. This is particularly 
interesting as the cardiovascular prevention for diabetic patients has clearly 
been more promoted after UKPDS [11, 239]. There are two more recent 
studies from the same Northern Sweden MONICA population comparing 
long-term survival after first MI and first stroke for diabetic and non-
diabetic patients [221, 222]. Both studies report improved survival for both 
diabetics and non-diabetics, but show remaining disparity with considerably 
lower survival rate for diabetics and non-diabetics. Paper I and II together 
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with these more recent studies implicate mutual pathways in cardiovascular 
risk in diabetes patients not reversed by traditional risk factor intervention. 

To the best of knowledge there are still no meta-analyses comparing the 
effects of intensive multifactorial interventions with intensive glycemic 
control on CVD and mortality outcomes in patients with Type 2 diabetes. 
Neither is there any larger population based intervention studies addressing 
the novel cardiovascular risk factors such as chronic inflammation, altered 
fibrinolysis, and endothelial dysfunction. 

With all respect to actual and potentially future effective treatments of 
diabetes and its complications the major challenge must be diabetes 
prevention. There are already a few promising diabetes prevention studies. 
The next step could be a general population based implementation of 
preventive strategies that have been successful in trials such as The 
Development Programme for the Prevention and Care of Diabetes (DEHKO 
2000-2010). DEHKO was Finland’s national diabetes programme. It aimed 
to prevent type 2 diabetes and diabetes-related complications, to improve 
the quality of diabetes care, and to support the self-care of people with 
diabetes. 

Ethical considerations 

In addition to the proper ethical approvals, the studies included in this thesis 
have been conducted in accordance with the International guidelines, the 
Declaration of Helsinki, and in keeping with local regulations. Four basic 
ethical principals; respect for persons, justice, non-maleficence (do no 
harm), and beneficence (do good) have been of relevance.  

1. Respect for persons: In paper I and II, registry data were used and 
additional data were retrieved from medical records and no additional tests 
were performed. All data handling procedures and analyses were conducted 
using an anonymous data set and no contact was made with the participants. 
The risk of violating the subject’s integrity must be considered to be low. In 
Studies III, IV, and V informed consent, both oral and written, was obtained 
from all participants prior to inclusion. The information explained the study 
aims and included contact information for those responsible for the study. 
Participants were also informed that their participation was voluntary and 
that they could withdraw their consent to participate at any time, without 
any negative impact on their care and without giving any reasons for 
withdrawal. 
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2. Justice: All participants have been treated equally. Decision of inclusion 
or exclusion has been made strictly according to study protocols. 

3. Non-maleficence: In studies I and II no procedures in addition to the 
ordinary clinical care were performed. Participants in studies III, IV and V 
have on several occasions given blood samples and been clinically examined. 
None of the study procedures have exposed participants to any significant 
excessive risk. 

4. Beneficence: Participants have not had any immediate benefits of 
participating in these studies. This research has been conducted to gain 
information that may be beneficial to our knowledge of diabetes and 
cardiovascular risk. Public and professional presentation of the results of the 
papers might be beneficial to diabetic patients in future care. 

 
Conclusions 
Paper I 

There was a declining trend in incidence and case fatality in first MI over the 
12-year period. Also, the event rates (first ever and recurrent MI) declined in 
men without diabetes. In women without diabetes favorable time trends 
were seen in first ever MI, recurrent MI and in case fatality. There were no 
favorable time trends for any of these outcomes in patients with diabetes. In 
non-diabetic subjects below the age of 65, the incidence of, and case-fatality 
in MI declined. This led to a decreased mortality over the 12-year period. 
These favorable trends over time were not observed in diabetic subjects. 

Paper II 

Incidence of first-ever stroke decreased for non-diabetic men and for 
diabetic women. Recurrent stroke incidence declined highly significantly in 
all but diabetic men. For diabetic women, the decrease in incidence in first 
and recurrent stroke was significantly greater than in non-diabetic women. 
Case-fatality and mortality in stroke declined for all groups except diabetic 
women with first-ever stroke. The time trends in case fatality and mortality 
did not differ significantly between non-diabetic and diabetic patients. The 
incidence of stroke declined in both non-diabetic and diabetic subjects 
except for diabetic men and for non-diabetic women with first-ever stroke. 
Case-fatality in first-ever stroke declined for all but diabetic women. This led 
to a decreased mortality over the 19-year period for both groups. This is the 
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first time that the decline in stroke incidence is reported in this MONICA 
population. 

Paper III 

PAI-1 activity, fibrinogen, postload insulin and  postload proinsulin, were 
significantly higher and tPA activity significantly lower in MI patients in the 
univariate analysis. In a multiple regression analysis, including also age, sex 
and cardiovascular risk factors, these parameters were divided in quartiles. 
The lowest quartile of tPA activity was significantly associated with MI 
together with the highest quartiles of fibrinogen but other variables were not. 
Low tPA activity, i.e. low fibrinolytic activity, characterized non-diabetic 
subjects after a first MI which is not explained by concomitant disturbances 
in metabolic and anthropometric variables. 

Paper IV 

The tPA-activity at baseline and at the 10-year follow-up significantly 
predicted the presence of sign(s) of lower extremity arterial disease. In 
addition, tPA-mass at the 10-year follow-up was associated with signs of 
lower extremity arterial. Baseline age, hypertension, and HbA1c were 
independently associated with sign(s) of lower extremity arterial disease at 
10 years. This long-term study supports previous findings of a significant 
association between asymptomatic lower extremity arterial disease and tPA-
activity. Thus, tPA-activity may be an early marker of lower extremity 
arterial disease although the mechanism of this relationship remains 
unclear. 

Paper V 

129 patients were randomized to the Insulin Glargine (IG) or to Standard 
Care (SC) treatment group. Allocation to IG did not significantly affect the 
studied fibrinolytic markers or VWF compared to SC. Likewise there were no 
significant differences in PAI-1, tPA antigen, and VWF. During the whole 
study period, the within-group analysis revealed a curvilinear pattern and 
significant changes for tPA/PAI-1 complex, tPA antigen, and VWF in the IG 
but not in the SC group. The hypothesis that allocation to insulin treatment 
would improve the levels of markers of fibrinolysis or VWF compared to 
standard glucose lowering treatment could not be verified.  
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