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ABSTRACT 
Background 
The part of the population that belongs to the oldest-old (ages 80 years or older) increases 
rapidly, worldwide. Cardiovascular disease (CVD) is the leading cause of death and disease 
burden globally. Multimorbidity is common in old age and stroke, diabetes mellitus (DM) 
and atrial fibrillation (AF) are strongly associated with age. Cardiovascular risk factors are 
well studied and documented in younger and middle ages, but not as well in old and frail 
individuals. Therefore, preventive treatment choices are mostly based on evidence for 
younger patients. The aim of this thesis was to explore age and other aspects of 
cardiovascular risk factors; AF, hypertension and DM, in relation to comorbidity, 
cardiovascular outcome and mortality. 
 
Methods 
This thesis was based on four different studies:  
o The ELSA85 cohort study of 85 years old in Linköping, Sweden  
o The international, multicentre, randomised controlled INTERACT2 trial of spontaneous 

intracranial haemorrhage (ICH), mean age 64 years.  
o The prospective SHADES study of nursing home residents, mean age 85 years. 
o The prospective, national SWE-diadep study of dispensed antidiabetics, antidepressants 

and prevalent myocardial infarction (MI) in 45-84 years old. 
Data was obtained from questionnaires (ELSA85, INTERACT2), medical records and medical 
examination (ELSA85, INTERACT2, SHADES), and national registers (SWE-Diadep). 
 
Results 
The ELSA85 study showed that 16% (n=53) had an electrocardiogram (ECG) showing AF. 
There was an increased hazard ratio (HR) for all-cause mortality in participants with AF at 
baseline, at 90 years of age (HR 1.59, 95% Confidence Interval [CI] 1.04-2.44) adjusted for sex. 
This increase in HR did not persist when adjusted for congestive heart failure (CHF). In the 
INTERACT2 study, increasing age was associated with increasing frequency of death or 
dependency (odds ratio [OR] 4.36, 95% CI 3.12-6.08 for >75 years vs <52 years, p value for 
trend <0.001). The SHADES study showed that participants with systolic blood pressure 
(SBP) <120 mmHg had an increased HR for mortality (1.56, 95% CI 1.08–2.27, p=0.019) but 
there were no differences between SBP groups 140–159 mmHg and ≥160 mmHg compared 
with the reference group, SBP 120–139 mmHg. SBP decreased during the prospective study 
period. In the SWE-diadep study, individuals with antidiabetics and antidepressants 
combined had a greater HR for MI compared to the reference of no antidiabetics or 
antidepressants, mostly so in women aged 45-64 years (HR 7.4, 95% CI 6.3-8.6). 
  
Conclusion 
Risk factors for CVDs in elderly differ from cardiovascular risk factors in middle aged 
individuals and are not associated to disease and prognosis in the same way as in middle 
aged adults. 
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ABBREVIATIONS 

AII blocker Angiotensin II blocker 
AF  Atrial fibrillation 
AHA American heart association 
ACE inhibitor Angiotensin-converting-enzyme inhibitor 
ATC Anatomic therapeutic chemical system 
BMI Body mass index 
BNP Brain natriuretic peptide 
BP   Blood pressure (used in Figure 3) 
CHADS2  Congestive heart disease, Hypertension, Age ≥75 years, 

Diabetes, previous Stroke 
CHA2DS2-VASc  Congestive heart disease, Hypertension, Age ≥75 years, 

Diabetes, previous Stroke, Vascular disease, Age 65-74 years, 
female Sex 

CHF Congestive heart failure 
CI  Confidence interval 
CRP C-reactive protein 
CT  Computed tomography 
CVD Cardiovascular disease 
DBP Diastolic blood pressure 
DM  Diabetes mellitus 
ECG Electrocardiogram 
eGFR Estimated glomerular filtration rate 
ELSA85 Elderly in Linköping screening assessment 
EQ-5D European Quality of Life – 5 Dimensions 
GI  Gastrointestinal 
GFR Glomerular filtration rate 
GP  General Practitioner 
Hb  Haemoglobin 
HbA1c Haemoglobin A1c, glycated haemoglobin 
HR  Hazard ratio 
HRQoL Health related quality of life 
ICD-10 The international classification of diseases, 10th version 
ICH Intracranial haemorrhage 
INTERACT2 The second INTEnsive blood pressure Reduction in Acute 

Cerebral haemorrhage Trial 
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LVH Left ventricular hypertrophy 
MI   Myocardial infarction 
MMSE Mini Mental State Examination 
MNA Mini Nutritional Assessment 
mRS Modified Rankin Scale 
NIHSS National Institutes of Health Stroke Scale 
NSAID Nonsteroidal anti-inflammatory drug 
NT-proBNP N-terminal of the prohormone brain natriuretic peptide 
NOAC Novel oral anticoagulant 
OAC Oral anticoagulant 
OR  Odds ratio 
PHC Primary health care 
SBP  Systolic blood pressure 
SHADES  Study on Health And Drugs in Elderly in nursing homes in 

Sweden 
SSRI Serotonin reuptake inhibitor 
SU  Sulfonylurea 
SWE-diadep The SWEdish diabetes and depression study 
TCA Tricyclic antidepressant 
TIA  Transient ischemic attack 
TSH Thyroid stimulating hormone 
VAS Visual analogue scale 
WHO World health organization 
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DEFINITIONS 

Comorbidity Presence of one or more additional disorders/illnesses.  
Elderly  Generally a description of individuals 65 years old or older. 

In this thesis the term elderly is used for the study 
participants that were in their 80s.  

 
Frailty A concept of biological ageing and decline of physiological 

functions. 
 
GP General Practitioner. In the Swedish educational system it 

takes 21 months as a ‘Pre-registration house officer’ after 
graduation from university, and after that a specialist 
training as a GP registrar for 5 years, approximately half of 
that time in hospital clinics. 

 
Middle age The best years of our life? Before old age and after young 

adult age. 
 
Multimorbidity More than two chronical illnesses. 
 
Old age A chronological age concept used synonymously with 

elderly.  
 
Older As with ‘elderly’ or ‘old age’. From a global perspective the 

term older people are sometimes used from 60 years of age. 
 
Oldest old Individuals 80 years old or older. 
 
Stroke Intracranial haemorrhage or ischemic infarction. 
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PROLOGUE 

During my time as a GP (general practitioner) registrar in general practice I 
met many patients who had consulted several specialists in hospital and 
received a variety of treatments for many different conditions. These 
pharmacological treatments were up to date and in accordance with current 
guidelines, but resulted in polypharmacy and unwanted side effects. I met 
elderly patients in nursing homes and almost all of them were prescribed 
several different medicines for treatment of cardiovascular risk factors. This 
phenomenon inspired my research studies. Is it really wise to treat elderly 
patients with co- and multimorbidity according to the same guidelines as for 
middle aged patients? What is known about cardiovascular risk factors and 
their treatment in the very elderly with multimorbidity?  
  
I met Dr Katarina Nägga at the Geriatric department of Linköping’s University 
Hospital and gladly accepted to be part of the ELSA85 study. I also met 
Professor Carl Johan Östgren (associate professor at that time) and with his 
encouragement and guidance I wrote my first paper. After that I enrolled as a 
PhD student at Linköping University in April 2011. 
  
I have not regretted becoming a PhD student, and during my PhD studies I 
have come to realise just how important scientific training and clinical 
research is to patient care in all specialist categories, general practice not 
excluded. My desire is to keep on learning, to become as versatile as possible 
and, as good a GP as I can be. 
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INTRODUCTION 

Age distribution world wide 

The part of the population that belongs to the oldest old (ages 80 years or 
older) increases rapidly worldwide and is predicted to do so continuously. 
This is mainly due to socio-economic development and advances in medicine 
with reduced mortality from infectious diseases and to some extent also non-
communicable diseases[1, 2]. The expected increase in the number of older 
persons (aged 60 years or over) globally, is more than doubled between 2013 
and 2050, from 841 million people in 2013 to more than 2 billion in 2050[2].  
 
Between 1950 and 2050, the predicted increase of persons 80 years or older is 
1450% in developed regions and 4367% in less developed regions[2]. The 
overall global population growth is slower, from 7.2 billion in 2013 to an 
expected number of 9.6 billion in 2050. Sweden is no exception to this pattern 
and the Swedish population pyramid looks more like a mushroom in 2013, 
with many elderly and fewer children, than the pyramid shape it had a 
hundred years ago (Figure 1)[3]. 
 

 
 
Figure 1. The Swedish population pyramid. Ages 0 to 100 years and parts of the entire 
population are shown in five year age groups for December 1900 (black) and December 2013 
(light grey). Source: Statistics Sweden, Population statistics. http://www.scb.se/en, 2014. 

men women 
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Longevity 

The determinants for longevity are both environmental and genetic, the latter 
poorly understood[4]. Among the exceptionally aged, age-associated disease 
onset and physical and mental decline occur much later[5]. In the genetically 
isolated population of Okinawa, Japan, people grow exceptionally old. 
Cardiovascular diseases (CVD) are rare and does not appear clinically until 
advanced age, even 100 years or older in people reaching age 110[6, 7]. The 
offspring of centenarians (people that live to become 100 years) have 
cardiovascular advantages and reduced prevalence of both CVDs and CVD 
risk factors[8]. Studying the oldest old means that there has already been a 
selection, some people does not live to see old age while others in better health 
do. 

Risk factors for cardiovascular disease 

CVD is the leading cause of death and disease burden globally, an estimated 
17.3 million people died from CVDs in 2008[9]. The prevalence of chronic 
illnesses is rising continuously, first and foremost due to population ageing. 
The CVDs such as stroke, diabetes mellitus (DM) and atrial fibrillation (AF) 
are strongly associated with age[1, 10]. Preventable cardio-metabolic risk 
factors are responsible for more than 60% of worldwide deaths from CVDs, 
DM and chronic kidney disease. High blood pressure, ≥140/90 mmHg, is the 
most important. Prehypertension, a blood pressure of 120–139/80–89 mmHg is 
also a risk factor for CVDs, haemorrhagic- and ischemic stroke included[11, 
12]. Other leading preventable risk factors are; high blood glucose, high 
cholesterol and adiposity[13]. The mortality burdens of high body mass index 
(BMI) and high glucose have increased faster than that of high cholesterol. 
However, high serum cholesterol remains the second leading risk factor for 
deaths from ischaemic heart disease[13]. Multimorbidity is common in old 
age[14, 15] and cardiometabolic multimorbidity (DM, stroke and myocardial 
infarction [MI]) has been shown to multiplicatively increase the mortality risk 
and thus substantially lower life expectancy[16]. 
 
Smoking, alcohol use and physical inactivity are major preventable risk factors 
for CVDs[17, 18]. More than 10% of all CVD deaths worldwide are due to 
smoking[19]. There are important socio-economic determinants linked to a 
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high prevalence of CVD risk factors. Low education, low income, poverty and 
unemployment are associated to more prevalent and higher mortality rates 
from CVDs compared to people with higher education, higher income and low 
rates of unemployment[20-22]. 

Risk factor management in primary health care 

Primary health care (PHC) is central to risk factor management for CVD and 
DM. Structured life-style assessments and interventions are used to a various 
extent, for example to stimulate to regular physical activity. Physically active 
persons have less atherosclerotic and metabolic risk factors for CVDs and live 
longer than physically inactive individuals[23]. There is a need for population 
based as well as individual prevention programs in PHC[23, 24]. Several risk 
calculation instruments are available to assess the overall CVD risk, for 
example The Framingham Risk Score, UKPDS Risk Engine and SCORE, where 
the latter is customised for Swedish conditions[25]. These instruments can be 
used for clinical guidance and also to illustrate CVD risk factors to the patient. 
PHC is also an important caregiver to patients with chronical illness, CVDs 
included. One third of the chronically ill patients are seen only by their GP, 
with no other secondary care contacts over a year[26]. 

Hypertension 

Hypertension – history 

A BP, blood pressure measurement was done for the first time in the 1700s. 
The British scientist Stephen Hales (1677 – 1761) experimented with invasive 
arterial blood pressure measurements on a horse. In 1827, a pathologist, Dr 
Richard Bright (1789-1858) described the hypertensive heart[27] and seventeen 
years later that hypertension was caused by renal disease[28]. Over the next 
half-century several researches demonstrated that hypertension may occur 
without overt renal disease and also may precede arteriosclerosis[28]. The 
mercury manometer was introduced in 1828 by the French physicist Jean 
Poiseuille (1797 – 1869), but it was not until the second half of the 1800s that 
non-invasive measurements were possible[29]. Some practitioners accepted 
and valued the use of the sphygmanometer when it was introduced in the late 
1800s and early 1900s, but many clinicians were initially sceptical claiming that 
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‘we pauperize our senses and weaken clinical acuity’[28]. In the 1920s it was 
found that ‘mortality increases rapidly with the increase in blood pressure 
over the average’[28] and the Swedish researcher, Eskil Kylin (1889–1975), 
described the association of hypertension with hyperglycemia and gout in 
1923[31]. Initially no antihypertensives were available and sedatives together 
with dietary advice, such as salt reduced rice, were recommended[30, 32]. 
Cardiologist William Evans (1895-1988) noted in the textbook Cardiology in 
1948 that ‘The blood pressure is [considered to be] raised when the systolic 
blood pressure is 180 or over, and/or the diastolic pressure is 110 or over, on 
three consecutive examinations, and in the presence of clinical, radiological 
and cardiographic evidence of cardiovascular hypertrophy’[32] . In the 1940s 
surgical sympathectomies and adrenal-ectomies were performed to treat 
malignant hypertension, the latter with a surgically induced Mb Addison as a 
side effect[30]. The medical community was sceptical to antihypertensive 
treatment initially, and several well-known cardiologists advised against 
antihypertensive treatment in the 1930s[28]. The first antihypertensive agents 
were nitrates and thiocyanates among others and thiazide-type diuretics and 
spironolactone were discovered in the late 1950s[28, 32]. In the 1960s and 
1970s, many experts still believed that hypertension was a natural process of 
ageing, and that the normal systolic blood pressure (SBP) level was ‘age + 100’. 
The Framingham Heart Study, begun in 1949, reported in the 1960s that there 
was a strong correlation between hypertension and cardiovascular endpoints; 
myocardial attacks, stroke and congestive heart failure (CHF)[33]. Almost 
every large clinical trial has shown that the lower the BP, blood pressure, the 
better the outcome and today’s management of hypertension is a major 
success in preventive medicine[32]. 

Hypertension and ageing 

Hypertension is a major risk factor for haemorrhagic stroke[34] and the 
prevalence of hypertension increases with age. In the Framingham Heart 
Study, 85% of the non-hypertensive middle aged population at baseline 
developed hypertension during 20–25 years of follow-up [35]. The gradual 
increase in SBP by ageing occurs due to arterial stiffness; decreased blood 
vessel distensibility, increased thickness of the intima media and endothelial 
dysfunction [36]. Baroreceptors become insensitive and requires a large blood 
pressure change to compensatory raise the heart frequency, and thus confers 
an increased risk for hypotension and decreased cerebral perfusion[37]. A 
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slow baroreceptor response is also more likely to cause an orthostatic 
hypotension following the use of a vasodilating drug in older persons[38].  
 
In international, American and European guidelines on hypertension 
management, the recommended goal for hypertension treatment is less than 
140/90 mmHg[39, 40]. The recent guidelines recommend reducing SBP to 
between 140 mmHg and 150 mmHg or <150 mmHg in individuals older than 
80 years whose SBP is 160 mmHg or higher[38, 39]. However, the evidence 
derived from randomized controlled trials on the beneficial effects of reaching 
this treatment goal is scarce in older patients with hypertension[41, 42]. GPs 
accept higher blood pressure levels than recommended in guidelines, 
especially in older patients [43]. In the HYVET study on patients aged 80 years 
or older, the blood pressure target was <150/90 mmHg. It was concluded that 
treatment of hypertension was beneficial also in this age group [44]. However, 
the effect of reaching the blood pressure treatment target was not evaluated in 
frail older people with hypertension due to exclusion criteria such as clinical 
dementia and the need for nursing care. In frail, elderly patients a low SBP has 
been associated to worse outcomes[10, 42, 45, 46]. Furthermore, there is an 
association between low SBP and greater prevalence of dementia [47-49]. 

Treatment of hypertension in old individuals 

Antihypertensives should, if possible, be given as a monotherapy when 
hypertension treatment is started in elderly patients. In general, patients older 
than 80 years should not be given more than two[50] to three[38] anti-
hypertensive medications.  
 
In the current hypertension treatment guidelines (the European Society of 
Hypertension/the European Society of Cardiology, the American Society of 
Hypertension and the International Society of Hypertension) there are no 
recommendations about withdrawal of antihypertensives if a patient has 
excessively low blood pressure levels[39, 40]. At present, it is not universally 
accepted to what blood pressure levels elderly and frail individuals should be 
treated.  
 
There is little evidence from controlled studies comparing different 
antihypertensive drug regimens in very old patients. This applies to lifestyle 
changes as well, where some lifestyle changes such as weight loss without 
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physical activity[38, 51] or reduced salt intake even might be damageable to 
the old and frail patient[38]. 
 
Calcium channel blockers and thiazide diuretics are first-line drugs in frail 
older antihypertensive patients[38, 42]. The common side effect of lower limb 
edema for calcium blockers should not be mistaken for CHF.  Most common 
side effects of thiazide diuretics are hyponatremia, hypokalemia, 
hyperglycemia and possible DM type 2 onset. Also, hypotension, dehydration, 
hyperuricemia and gout attacks may occur[38]. In old individuals with 
hypertension special treatment considerations should be made:  
 

• Aldosterone antagonists are contraindicated in severe renal failure, 
estimated glomerular filtration rate (eGFR) <30 mL/min/1.73 m2, eGFR 
and electrolytes should be monitored after any dose change in an older 
patient[38].  

• Diuretics and angiotensin-converting-enzyme inhibitors (ACE 
inhibitors)/ angiotensin II blockers (AII blockers) should not be dose-
increased in the same time to avoid worsening of renal function[38].  

• ACE inhibitors/AII blockers should also be avoided if dehydration is 
suspected[38].  

• Beta-blockers are indicated for CVD and are not a first option for 
hypertension treatment[52]. In old patients there is a severe risk of 
bradycardia, interactions with Alzheimer treatment 
(acetylcholinesterase inhibitors) and risk of accentuated fatigue, 
depression and confusion with beta-blocker treatment[38, 53].  

• Alfa-inhibitors are rarely indicated and these are associated with 
increased risk of delirium, confusion and aggravated depression as well 
as orthostatic- and post prandial hypotension[38].  

• Loop diuretics are only indicated for hypertension treatment if there is a 
severe renal failure, eGFR <30 mL/min/1.73 m2, or for comorbid CHF 
treatment. Loop diuretics have several down faults for the aged and frail 
patient, it reduces extra cellular volume and potent other fluid soluble 
drugs, there is an increased risk for hypovolemia and hypo-perfusion of 
vital organs[36, 54]. Also, loop diuretics combined with selective 
serotonin reuptake inhibitor (SSRI) antidepressants constitutes a risk for 
severe hyponatremia[38]. Furthermore, there is a risk for non-adherence 
or social isolation due to the increased risk of incontinence[38].  
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Diabets mellitus 

Diabetes – brief history 

Diabetes has been known to physicians for thousands of years. Ancient 
Egyptian papyrus rolls from 1550 BC describes a polyuric state[55] later 
interpreted as an early description of DM. The term diabetes was founded in 
the ancient Greece, by the physician Aretaeus of Cappadocia (circa the first 
century). Metformin is now days the most prescribed oral treatment for DM. It 
originates from a botanical compound, the French lilac (Galega officinalis) that 
was used from medieval times and onwards to treat plague, worms, 
snakebites, miasma and dysuria[56].  In 1921 Fredrick Banting (1891-1941) and 
Charles Best (1899-1978), together with John J.R. Macleod (1876-1935) and 
James Collip (1892-1965), discovered insulin and the first patient was insulin 
treated in 1922[55]. 

Diabetes mellitus in elderly persons 

DM is another major risk factor for cardiovascular events, such as MI or 
stroke[57] and women with DM are at especially high risk for coronary heart 
disease[58]. In 2014, 9% of adults over 18 years of age worldwide had DM and 
in the year 2012 DM accounted for the death of 1.5 million people, out of 
which more than 80% in low-income countries[59]. Type 2 DM constitutes 90% 
of all DM[59, 60]. The prevalence is continuously rising[61], at large due to 
unhealthy living with physical inactivity and excess body fat[59]. The DM 
prevalence varies greatly between countries and populations, in Sweden, it is 
approximately 4.7%[62]. There is a rise in the Swedish DM prevalence with 
ageing to 14-17% in elderly 75 years and over[63]. The increase in Type 2 DM 
with age can be explained by several different factors; pathophysiological 
changes with reduced glucose dependent insulin release and increased insulin 
resistance, decreased physical activity and abdominal obesity[64]. Some 
commonly used medications elevate glucose levels and can induce 
hyperglycemia, for example thiazide diuretics, beta-blockers, NSAIDs 
(nonsteroidal anti-inflammatory drugs) and glucocorticoids[64]. 
 
Impaired glycaemic control in patients with DM confers an increased risk for 
vascular illness. A multi-factorial risk factor management is essential to 
prevent macrovascular complications[57]. A tight glucose control is however 
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doubtful in aged and frail patients with DM due to the risk of harmful 
hypoglycaemias and a remaining short life-expectancy, thus low benefits from 
long term preventive treatments[65, 66]. There is a J-shaped curve for 
Haemoglobin A1c (HbA1c) values in relation to mortality, low and high mean 
HbA1c values are associated with an increased mortality risk[67, 68]. Severe 
hypoglycaemia is associated with poor outcomes. There is an increased risk of 
macrovascular events, microvascular events and death from all causes[69]. 
Cardiac arrhythmias may be caused by hypoglycaemic events[70] and 
hypoglycaemia worsens cognitive function[71]. This is especially concerning 
in old, frail patients prone to confusion. Symptoms of hypoglycaemia in 
elderly patents are often unspecific and, therefore difficult to interpret[64]. 
Also, typical symptoms of hyperglycaemia are less common in elderly persons 
due to an increased renal threshold for glycosuria and subsequently not 
polyuria. There is less polydipsia due often impaired thirst mechanisms as 
well[64].  

Treatment of diabetes mellitus in elderly 

According to Swedish guidelines, the treatment goal for HbA1c in elderly, frail 
individuals are 55-70 mmol/mol[71] and pharmacological treatment to reach 
HbA1c values less than 50 mmol/mol should be avoided[66]. There is a 
number of oral antidiabetics of which metformin is the most commonly used, 
also in elderly people. In monotherapy, the risk of hypoglycaemia is low, but 
there is a risk of lactate acidosis in patients with renal impairment[64]. The 
second most used category of oral agents are the Sulfonylureas (SU) that 
stimulate pancreatic insulin secretion and there is a risk of prolonged and 
severe hypoglycaemia in elderly patients with SU treatment[64, 71], which 
may require admittance to hospital[71]. Insulin treatment is recommended for 
patients in nursing homes, particularly long-acting insulins because of an even 
profile that reduces the risk for hypoglycaemias, compared to intermediate-
acting insulins[64]. 
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Atrial fibrillation 

Atrial fibrillation – brief history 

Pulse measurements have been carried out and described for thousands of 
years. Possibly, the earliest description of AF dates back to an emperor 
physician in China, approximately 2600 BC. Most ancient physicians 
acknowledged a poor prognosis associated with irregular pulse. In 1628, 
William Harvey (1578 – 1657), a British physician published a book on the 
motion of the heart and the blood describing ‘fibrillation of the auricles’ of the 
dying animal heart[72]. In 1785 William Withering (1741-1799), an English 
botanist and physician, discovered the therapeutic properties of the digitalis 
leaf (Digitalis purpurea) and noted that a patient with weak and irregular 
pulse improved to have a more full and regular pulse beat[73]. Warfarin 
(vitamin K inhibitor) has until recently been the only available oral 
anticoagulant (OAC) for prevention of ischemic stroke, in clinical use for more 
than 60 years[74]. 

Atrial fibrillation and elderly 

AF prevalence increases with age and has previously been shown to be 
between 9 and 18% in ≥80 years old compared to about 0.5% in the ages 50-59 
years[75, 76]. Fibrosis of the heart associated with ageing (and in patients with 
structural heart disease) is an important pathophysiological factor for AF[77]. 
Other risk factors for developing AF are[75, 78-81]:  
 

• High SBP 
• Prior MI 
• Valvular heart disease and left atrial enlargement 
• Hyperthyroidism 
• Overweight  
• Excessive use of alcohol  
• Male gender 

 
Furthermore, AF is associated to DM [82, 83], decreased glomerular filtration 
rate (GFR) [84, 85] and sleep apnoea[72]. Regular physical activity has been 
shown to lower the risk of developing AF in older adults [78] even though 
excessive endurance exercise increases the risk for AF in younger adults[86, 
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87]. There are three forms of AF; paroxysmal-, persistent- and permanent AF. 
The latter is associated to worse outcomes[88]. There is a slow progression 
over time from paroxysmal- or persistent AF to permanent AF, in which 
ageing plays a major role due to the progression of atrial fibrosis associated 
with ageing[77]. AF is associated with a five times greater risk of cardio 
embolic stroke [89, 90], which increases in old age [91, 92]. Old patients with 
AF have a sixteen times increased stroke risk compared to middle aged AF 
patients[93].  

Stroke prevention in elderly 

Prophylactic oral anticoagulation (OAC) treatment prevents atrial blood 
clotting and reduces the risk for ischemic infarction in AF patients with 
approximately two-thirds[94]. OAC treatment remains widely under-used in 
clinical practice in elderly AF patients[95, 96]. It has been shown that the 
benefits of OAC are of great importance especially for an older patient[97-99]. 
Risk of major bleeding is hard to estimate and fear of this, drug interactions 
and dementia are potential influences on a clinician’s decision to anticoagulate 
an elderly AF patient[95]. However, OAC appears to be protective in terms of 
stroke, MI and death also in patients with a high risk of falling and multiple 
stroke risk factors[100, 101]. In the Birmingham Atrial Fibrillation Treatment of 
the Aged Study, BAFTA, it was shown that the bleeding risk associated with 
warfarin treatment in AF patients over 75 years old was not greater than in 
those treated with aspirin 75 mg daily[102]. Similarly, it has recently been 
shown that the incident rate of major bleeding was not higher in patients with 
AF and warfarin treatment aged 85 or over than younger patients with AF[96]. 
Also, OAC treatment has been shown to be as effective in people aged 85 years 
or over as it is in younger people in preventing cardio embolic strokes[102].  
 
Warfarin is well studied, the effect can be monitored via a biomarker (INR) 
and is reversible with an antidote if needed[74]. There are however 
disadvantages with warfarin treatment; a large number of interactions with 
drugs and herbals, K-vitamin intake via different foods, interaction with 
alcohol[94], multiple blood samples and  high monitoring costs[72]. Elderly 
patients are generally more sensitive to warfarin than younger patients. This is 
possibly a result of decreased liver mass with impaired capacity to eliminate 
warfarin as well as reduced production of clotting proteins[74].  
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Since 2009, there is an alternative to warfarin, novel oral anticoagulants 
(NOAC)[103]. The three available NOACs apixaban, rivaroxaban and 
dabigatran have been in clinical use for the last few years[72], and have been 
shown to be as effective or possibly even more so than warfarin in AF patients 
aged 75 years and above[104]. The major advantage of NOACs over warfarin 
treatment is the fixed dosage, no requirement of monitoring and rapid action 
onset[105]. Dabigatran has a lower overall bleeding risk in patients <75 years, 
but in patients >75 years the extra cranial bleeding risk is similar or higher to 
that of warfarin treatment[106]. A retrospective ‘real life’ study showed that 
the bleeding risk was increased for dabigatran users compared to warfarin 
users especially for gastrointestinal (GI) hemorrhage[94, 105]. Ageing 
markedly increases the risk for GI hemorrhage and the incidence increases 
200-fold from age 30 to age 90 years. For both rivaroxaban and apixaban there 
are risks of drug interactions, for example with ketoconazole and 
verapamil[105]. 

Depression 

Depression – brief history 

In old medical beliefs, disease was caused by an imbalance in one or more of 
the four bodily humors. Melancholia, or ‘fears and despondencies if they last a 
long time’, was described by Hippocrates in the second century BC. It was 
thought that melancholia was caused by an excess of black bile from the 
spleen, thus the name derived from Ancient Greek which means dark or black 
bile. During the middle ages psychiatric illness was thought to be caused by 
possession by the devil and treatments included religious exorcism. In the 
1700s hot and cold baths and chock treatments were administrated, and in the 
early 1900s opium was used as a sedative. The fist effective antidepressant 
treatment was electroconvulsive therapy, which was available in the 1930s. In 
the mid-1950s the tricyclic antidepressants (TCAs) were discovered. The SSRIs 
were discovered in the 1980s and widely used from the 1990s[107]. 

Depression in elderly 

Depression is a common condition in somatic chronically ill patients[108]. The 
prevalence for depression in old age is 12-15%[109, 110], and the prognosis 
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and outcomes are worse in older patients with depression compared to 
younger adults[111, 112]. Late-life depression is defined as a major depressive 
disorder in adults 60 years of age or older[112], and depression is a risk factor 
for vascular and neurological illness such as DM, MI, stroke and Parkinson’s 
disease[113]. Individuals with depression have a doubled risk for dementia 
compared to those without depression[113]. Depression following stroke is 
common, with a reported prevalence ranging from 25% to 79%[114]. 

Antidepressants in elderly patients 

Data on safety and efficacy in older populations are scarce or absent for many 
antidepressants. Treatment decisions are therefore often based on data from 
younger adults[112]. Antidepressants have been reported to affect glycaemic 
control and to trigger the onset of type 2 DM[115-119]. It is difficult to 
differentiate between the possible diabetogenic side effects of antidepressants 
per se (such as weight gain), from the effects associated with the depressive 
disorder[116, 119]. SSRIs have been reported to confer a glucose lowering 
effect[117, 120] and animal model studies have reported glucose increment 
from TCAs[121]. However, results from a longitudinal register study over 8 
years shows that SSRIs and TCAs did not affect glycaemic control[121]. In old 
patients antidepressant treatment has become more common for treatment of 
agitation, replacing antipsychotics in elderly with dementia and psychosis, in 
order to diminish risk of stroke and other side effects associated with 
antipsychotics[122]. 

Drugs and ageing 

Elderly respond differently to drugs due to an age-dependent change in body 
composition and a decline of physiological functions[49, 53]. Pharmacokinetics 
alters in ageing: 
  

• Most importantly because of reduced renal function and impaired 
ability to excrete metabolized drugs. Also, to some extent altered liver 
function and reduced capacity for metabolizing drugs[54].  

• Drug absorption is difficult to study and there is no evidence of affected 
GI drug absorption in healthy elderly persons compared to younger. 
However, 25% of individuals over 70 years have atrophic gastritis. Low, 
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or absence of hydrochloric acid in the ventricle can negatively affect 
drug absorption from the GI tract in drugs that depend on a low 
ventricular pH-value for absorption[49, 123], for example the NOAC 
dabigatran[94]. Also, old people have slower ventricular depletion times 
compared to young and GI-tract blood circulation diminishes by up to 
40% with ageing[54]. 

• Habitual changes: 
o Overall increasing adipose tissue and the subsequently increased 

volume of distribution for lipophilic drugs affect the half-life 
elimination of pharmaceuticals leading to prolonged time until a 
steady state situation for a particular drug is reached[36, 54].  

o In contrary the body water reduces with age, reducing the volume 
of distribution for hydrophilic drugs. Thus, equal hydrophilic 
drug doses as in younger individuals will result in higher plasma 
concentrations in older. Diuretics, especially loop-diuretics, 
reduces the extracellular water which further reduces the 
distribution volume for hydrophilic drugs[36, 54].  

o Muscle mass decreases in both women and men with 
approximately 50% with age[124]. Some drugs are bound to the 
muscle mass, and in aged patients these drugs will have higher 
blood concentrations following the loss of binding possibilities, 
for instance digoxin[54].  

 
Polypharmacy is a frequent problem in elderly patients and drug-related 
problems, such as adverse drug reactions, drug-drug and drug-disease 
interactions, and non-adherence are directly correlated with the number of 
drugs the patient is taking[38]. Geriatric patients suffer from adverse drug 
reactions more frequently than middle aged adults, because old people are 
more susceptible to drug effects. This is partially due to multimorbidity and 
polypharmacy, but also to the age-dependent decline in physiological 
functions and altered body composition[125]. Nutritional status also has an 
influence on the drug metabolism rate which diminishes markedly in frail 
elderly patients[126, 127]. Due to these age-related pathophysiological changes 
several drugs have been known to cause confusion in old patients, including 
cardiovascular drugs. For example digoxin can cause cognitive adverse effects 
even in therapeutic blood levels in old patients and the risk of accumulation 
increases with decreasing kidney function. Furthermore, beta blockers might 
cause confusion in old patients[53, 128, 129]. 
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Little is known about how pharmacodynamics is affected by ageing. There are 
significant interpersonal differences for a start and pharmacodynamics are 
difficult to study[54, 130]. However, pharmacodynamical changes with ageing 
have been observed for a number of cardiovascular drugs. Verapamil has an 
increased antihypertensive effect, beta-blocking agents have decreased 
antihypertensive effects, furosemide has a decreased peak diuretic response 
and vitamin K antagonists have an increased anticoagulant effect[130]. 
 
There has been a positive change in the trend of inappropriate drug therapy 
prescription in Sweden between 2006 and 2013, but excessive polypharmacy 
defined as ten or more concomitant prescribed drugs has not decreased. 
Currently 10% of the total Swedish population ages 65 years or above has ten 
or more drugs[131]. 

The Swedish registers 

Today, the Nordic countries are unique in the world in terms of 
comprehensive population registers. Historically, the earliest register of 
households and individuals has been dated to the Han Dynasty in China in 
the second century BC[132]. Other historical population registers are the  
biblical Christmas gospel and an Italian early 14th century population 
register[133], to mention a few. A Swedish national registration in parish 
registers was first mentioned in 1571[133]. In 1686 there was a national 
regulation imposing clergymen to keep parish registers. At that time, if you 
wanted to move from one village to another, a letter from the clergyman was 
needed that contained a description of the personal characteristics. This was to 
be given to the next village clergyman who was to document it in the parish 
register. All arrivals and departures to and from the parish were registered. 
Also, legitimate and illegitimate children with their date and place of birth, the 
date of christening, parents’ names and those who had married or died were 
documented[132]. In 1749 the first general population count was performed 
and there has been official printed national population statistics since the early 
1800s[3]. The personal identification numbers were taken into use in the 1940s 
and in 1967 they were converted to today’s system with date of birth followed 
by four individual numbers[133]. 
 
The main purpose of a population register is to identify all individuals. It also 
provides aggregate data about the entire population, making it possible to 
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implement and monitor a wide range of public measures and planning 
policies[132]. Apart from the national Cause of Death Register, five national 
medical registers are held by the National Board of Health and Welfare:  
 

• The National Cancer Register  
• The Swedish Prescribed Drug Register  
• The National Patient Register (secondary care diagnoses only)  
• The Medical Birth Register 
• The Dental Health Register  
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AIMS 

General aim 

To explore age and other aspects of cardiovascular risk factors; atrial 
fibrillation (AF), hypertension and diabetes mellitus (DM), in relation to 
comorbidity, cardiovascular outcome and mortality. 

Specific aims 

• To explore and compare prevalent comorbidity and self-estimated 
health related quality of life in elderly with atrial fibrillation (AF) 
compared to elderly with sinus rhythm or pacemaker.  

 
• To assess if older age at intracranial haemorrhage (ICH) onset leads to 

worse disabilities compared to younger ICH patients. 
 

• To assess the blood pressure at baseline and the prospective 
development of blood pressure over time and relation to mortality in 
nursing home residents. 
 

• To explore the gender- and age-specific risk of developing a first 
myocardial infarction (MI) in people treated with antidiabetic and/or 
antidepressant drugs compared to people with no antidiabetics or 
antidepressants. 
 



Material and Methods 

 23 

MATERIAL AND METHODS 

The studies in this PhD thesis are based on data from participants in three 
population studies and one register study; ELSA85 (Elderly in Linköping 
Screening Assessment), SHADES (Study on Health And Drugs in Elderly in 
nursing homes in Sweden), INTERACT2 (the second INTEnsive blood 
pressure Reduction in Acute Cerebral haemorrhage Trial) and SWE-diadep 
(the SWEdish diabetes and depression study). 
 
Two months of the doctoral education was spent at the George Institute for 
Global Health in Sydney, Australia. This opportunity was partly founded by, 
and initiated through contacts of the National Research School in General 
Practice. The study plan for the stay included work on the SWE-diadep study 
tutored by researchers with high competence in the field, and work on 
ongoing studies at the George Institute for Global Health. The ‘pre-doc’ stay 
resulted in paper II, an international collaboration with the researches of the 
INTERACT2 study, tutored mainly by associate professor Hisatomi Arima and 
Professor John Chalmers, and paper IV, co-authored by Professor John 
Chalmers. 

 ELSA85  

The ELSA85 study (paper I) is a population-based survey where all residents 
born in 1922 (n=650) and living in the municipality of Linköping, Sweden, 
were identified through the local authorities register and invited by letter to 
join the study at the age of 85 years. Baseline data collection was performed 
between March 2007 and June 2009 (Figure 2). The data included a postal 
questionnaire, house call from an occupational therapist and a visit to the 
geriatric clinic for cognitive testing, blood samples, electrocardiogram (ECG) 
and physical examination by a doctor. A follow-up was carried out after one 
year and after five years at 90 years of age. 
 
The postal questionnaire contained questions about medical history and 
current use of prescribed drugs. It also included the European Quality of Life – 
5 Dimensions questionnaire (EQ-5D). Medical history was apart from the 
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postal questionnaire also obtained from medical records and during the 
medical examination by use of a specified protocol.  

EQ-5D 

The EQ-5D questionnaire is a generic instrument that assesses health-related 
quality of life (HRQoL) in terms of mobility, self-care, usual activities, 
pain/discomfort and anxiety/depression[134]. Each dimension has three levels 
of severity graded from one to three; no problems, moderate problems or 
severe problems. The EQ-5D also contains a visual analogue scale (VAS) that 
records the individual’s self-rated evaluation of health, ranging from 0, worst 
imaginable health status, to 100, best imaginable health status. The scores of 
the five EQ-5D dimensions (VAS excluded) were converted to a single 
summary index value generated by means of the time trade off method[135, 
136].  

Blood pressure 

Blood pressure was measured in a lying position after 5 minutes rest. 
Hypertension was defined as a SBP >140 mm Hg or diastolic blood pressure 
(DBP) >90 or ongoing antihypertensive medication in accordance with World 
health organization (WHO) guidelines[137].  
 

Body mass index 

Height, waist circumference (to the nearest cm) and weight (to the nearest 0.1 
kg) were measured with the participants wearing light indoor clothing. BMI 
was calculated using the formula weight x height-2 and defined as 
underweight if <18.5 kg m-2, normal range 18.5-24.9, overweight 25.0-29.9 and 
obesity if ≥30.0, according to WHO criteria[138]. 

Laboratory measurements  

Non-fasting venous blood samples were drawn for measurements of 
haemoglobin (Hb), plasma glucose, serum creatinine, thyroid stimulating 
hormone (TSH), C-reactive protein (CRP) and N-terminal of the prohormone 
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brain natriuretic peptide (NT-proBNP). NT-proBNP was analyzed using the 
Elecsys 2010, Roche’s method until September 2007 (total imprecision CV at 
level 180; 6.2% and at level 1900; 4.8%), and after that with the Modular E, 
modified Roche’s method (total imprecision CV at level 90; 4.6% and at level 
800; 4.5%). An eGFR as a parameter of renal function was calculated from 
serum creatinine level, age and weight according to the Cockroft-Gault 
formula[139]. An eGFR ≥60 ml/min was classified as normal or mildly 
impaired renal function, <60 ml/min was classified as moderate renal 
impairment and <30 ml/min as severe renal impairment [43]. 

ECG 

A standard 12 lead ECG was recorded at 50 mm/s and 10 mm/mV 
standardization using a MAC 38 PC and interpreted according to American 
Heart Association’s (AHA) guidelines[140, 141] manually and unidentified, by 
one physician. The review comprised rhythm and pace; sinus rhythm, 
pacemaker or atrial fibrillation/flutter, bradycardia (<50 beats/min), 
tachycardia (>100 beats/min), and presence of pathological Q-wave indicating 
past ischemic event. ECGs were also analyzed according to Cornell voltage-
duration product, (RaVL + SV3) times duration of QRS complex, adjusted for 
female gender by adding 6 or 8 mm to the sum of (RaVL+SV3), with a partition 
value of 2440 mm x ms to recognize left ventricular hypertrophy (LVH) [142, 
143], and complemented with Sokolw-Lyon voltage index (SV1+RV5 or V6) 
with > 35 mm as partition value[144].  

CHADS2 score and CHA2DS2-VASc score 

Cardio embolic stroke risk was estimated using CHADS2 score (Congestive 
heart failure, Hypertension, Age ≥75, Diabetes, each 1 point. Prior Stroke or 
transient ischemic attack[TIA], 2 points). CHADS2 score was calculated in the 
AF group and two or more points were considered as indication for OAC[145, 
146].  
 
The further developed CHA2DS2-VASc risk score is superior for stroke 
prediction to the CHADS2 score because a lesser proportion of patients are 
classified as intermediate risk for stroke[147]. CHA2DS2-VASc was used for 
supplementary analyses (Congestive heart disease 1 point, Hypertension 1 
point, Age ≥75 years 2 points, Diabetes 1 point, previous Stroke or TIA 2 
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points, Vascular disease 1 point, Age 65-74 years 1 point, female Sex 1 point) 
[147]. OAC was indicated at a moderate stroke risk; a CHA2DS2-VASc score of 
≥1. (A score of ≥2 was considered a high risk of stroke[147]). Data concerning 
DM, prior stroke or TIA were obtained from the postal questionnaire, medical 
history provided by study participants during the medical examination and in 
case of uncertainty by medical records.  

Fall risk 

Fall risk was estimated with use of the Downton Fall Risk Index that consider 
earlier falls, medication, sensory loss, cognitive impairment and walking 
ability. Three or more points indicate high risk of falling[148].  

Cognitive impairment 

Cognitive impairment was evaluated with a Mini Mental State Examination 
(MMSE) where 26 points of 30 or less were considered as mild cognitive 
impairment and 20 points or less as moderate to severe cognitive 
impairment[149]. 
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Figure 2. Participant flowchart, baseline evaluation of ELSA85, 2007-2009 (paper I) 

  

Born 1922 in Linköping municipality 
n= 650 

Responded  
n= 586 

Filled out questionnaire 
n= 496 

Declined 
n= 107 

Declined 
n= 90 

Not responded 
n= 52 

House call by occupational 
therapist,n = 380 

Physical evaluation 
n= 338 

Deceased 
n= 9 

Declined 
n= 38  

Deceased 
n= 4 

Deceased 
n= 12 

No ECG 
n= 2 
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INTERACT2 

The INTERACT2 (paper II) is an international, multicentre, randomised 
controlled trial by The George Institute for Global Health comparing early 
intensive (target SBP of <140 mmHg within 1 hour of randomisation) with 
guideline-recommended (target SBP <180 mmHg) blood pressure control in 
2839 adult patients with spontaneous ICH within 6 hours and elevated SBP 
(150-220mmHg) from 144 hospitals in 21 countries during 2008-2012. 
 
Demographic, clinical features including blood pressure, non-fasting venous 
blood samples and medical history, including current treatment for CVD, 
were recorded at inclusion. Patients were excluded if they had a definite 
indication for, or contraindication to, intensive blood pressure lowering 
treatment, a structural cerebral cause for the ICH, deep coma (scores 3-5 on the 
Glasgow Coma Scale) or massive haematoma with a poor prognosis, or if early 
surgery was planned to evacuate the haematoma.  The diagnosis of ICH was 
confirmed with computed tomography (CT) or magnetic resonance imaging. 
Participants were followed up in person or by telephone at 28 days and at 90 
days by trained local staff. Participants who did not receive the assigned 
treatment or who did not adhere to the protocol were followed up in full. 

NIHSS 

Stroke severity was assessed by use of the National Institutes of Health Stroke 
Scale (NIHSS), scores range from 0 to 42, with higher scores indicating a more 
severe neurologic deficit[150]. 

mRS 

The Rankin Scale slightly modified by Warlow to the modified Rankin Scale 
(mRS) evaluates the overall independence of stroke patients and refers to 
previous activities, thus rending information on lifestyle restrictions due to the 
stroke. It also allows comparison between patients with different kinds of 
neurologic deficits[151]. The mRS scores range from 0 (no symptoms) to 6 
(death). The primary outcome measure was a poor outcome; death or major 
disability (defined as a score of 3 to 6 on the mRS[152]) at 90 days post-
randomisation.  The key secondary outcome was physical function across all 
seven levels of the mRS.   
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EQ-5D 

HRQoL was assessed with the EQ-5D questionnaire[134, 135]. EQ-5D scores 
were dichotomised to ‘any problems’ vs ‘no problems’. 

SHADES 

The SHADES study (paper III) is a prospective cohort study over 30 months, 
exploring mortality, morbidity, and use of pharmaceuticals in people living in 
nursing homes in Sweden. Data collection took part in three municipalities in 
southern Sweden: Jönköping, Linköping, and Eslöv (n=430). All participants in 
the SHADES study were elderly with multiple comorbidities, living in nursing 
homes with a mean age of 85 (58 – 101) years. Exclusion criteria were severe 
illness, palliative care or severe language problems. The baseline 
comprehensive assessment was performed between March 2008 and 
September 2008 and the participants were then evaluated every 6 months for 
the rest of the study period, at most six times. The data collection was 
completed in April 2011. 
 
Two individuals were excluded in the dataset of this study to fit the age span 
of age 65 years or older and 22 individuals were excluded due to missing data 
on blood pressure measurement at baseline, thus 406 participants were eligible 
for further analyses (Figure 3). Data comprised fasting venous blood samples 
and a medical examination performed every six months by trained local 
nurses. Medications were classified by the Anatomic Therapeutic Chemical 
system (ATC) and diagnoses classified according to the International 
Classification of Diseases, 10th version (ICD-10).  

Laboratory measurements 

Fasting venous blood samples were analysed for plasma creatinine, plasma 
cystatin C, TSH, Hb, plasma brain natriuretic peptide (BNP) and p-glucose 
levels. The eGFR was calculated from the cystatin C value using the Grubb 
formula[153]. An eGFR ≥60 ml/min/1.73 m2 was classified as normal or mildly 
impaired renal function, <60 ml/min/1.73 m2 was classified as moderate renal 
impairment and <30 ml/min/1.73 m2 as severe renal impairment[43]. 
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Blood pressure 

Blood pressure was measured three times with an aneroid 
sphygmomanometer in a sitting position and comfortably resting for 5 
minutes before the measurement. Participants were categorized into four 
groups according to their SBP: <120 mmHg, 120–139 mmHg, 140–159 mmHg 
or ≥160 mmHg. Orthostatic blood pressure was measured after standing for 1 
minute and an orthostatic reaction was present if there was a decrease in SBP 
of ≥20 mmHg or a decrease in DBP of ≥10 mmHg[154]. 

The Mini Nutritional Assessment 

The Mini Nutritional Assessment (MNA) screening tool was used to evaluate 
nutritional status and the presence or risk of malnutrition. The initial sum was 
calculated and participants with 11 points or less were evaluated in MNA part 
two. All participants were classified as no risk of malnutrition, risk of 
malnutrition or present malnutrition[155]. For statistical analyses MNA 
classification was dichotomised to ‘no risk of malnutrition’ or ‘present or risk 
of malnutrition’. 
 

Antihypertensive treatment 

Hypertensive treatment was categorized in four groups:  
 

• Diuretics (loop, thiazide or aldosterone antagonists including pyrazine 
carbonyl guanidine derivatives)  

• ACI inhibitors/AII blockers 
• Beta-blockers 
• Calcium blockers.  

 
Medications were summarized to describe the total use of anti-hypertensive 
drugs. Fixed combination drugs were categorised accordingly in the different 
medication categories, respectively. 
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Figure 3. Flowchart of participants in the SHADES study. BP, blood 
pressure. aInclusion was continuous throughout the study period, 2008–
2011 (paper III). 
 

First measurement 
BP data available for 406 

participants 

46 deceased 
2 moved 
3 declined to participate 
20 were measured two timesa 

59 deceased 
4 moved  
1 received palliative care 
1 declined to participate 
30 were measured one timea 

36 deceased 
24 were measured three 
timesª 

6 months 
n=311 

12 months 
n=240 

18 months 
n=180 

17 deceased 
18 were measured four timesª 

24 months 
n=145 16 deceased 

7 missing BP measurement 
15 were measured five timesª 30 months 

n=107 

Eligible patients  
n=607 

177 declined 
2 were <65 years  

Study participants 
n=428 

22 did not have baseline BP 

data  
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SWE-diadep 

The SWE-diadep study (paper IV) is a prospective, longitudinal register study 
of all Swedish residents, 45-84 years old, n= 4 083 719, exploring dispensed 
antidiabetics, antidepressants and first MI at an individual-level, through the 
use of nationwide registers. 

Registers 

Data from three different national registers were combined to render a 
database on all Swedish residents, ages 45-84 years. From these registers dates, 
unique personal identification number, diagnosis according to the ICD-10, 
dispensed pharmaceuticals according to the ATC classification system and 
data on first fatal or non-fatal MI were obtained. Study participants that 
suffered a re-infarction during the study period, 2005-2010, were excluded.  
 

• The Swedish Prescribed Drug Register (National Board of Health and 
Welfare)[156]  

• The Myocardial Infarction Statistics (National Board of Health and 
Welfare)[157]. This register was based on information from the Cause of 
Death Register (National Board of Health and Welfare) and the National 
Patient Register (National Board of Health and Welfare).  

• The Total Population Register was used to render a complete database 
on all Swedish residents in the age span and with no re-infarction 
during 2005-2010. The participants obtained from the individual-
levelled registers for antidiabetic and antidepressant treatment and 
diagnosis for MI were subtracted from the total number of individuals 
acquired from the Total Population Register (Statistics Sweden)[3]. 

 
The Myocardial Infarction Statistics register holds information on MI 
diagnosis from all secondary care units dating back to 1987, which enabled 
inclusion of participants with a first MI only. The Swedish Prescribed Drug 
Register holds information on all dispensed pharmaceuticals, both from public 
and private prescribing physicians. 
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Dispensed drugs as markers of disease 

Dispensed antidiabetics (ATC A10), antidepressants (ATC N06A) and 
antihypertensive drugs (ATC C03 and C07-09) were used as markers of 
disease. All participants were categorised according to dispensed 
antidepressants and/or antidiabetics. The cohort was followed for three years, 
from January 2008 to December 2010. There was a run in period for two years 
(January 2006 to December 2007) and participants were classified in four 
treatment categories:  
 

1) Antidiabetic and antidepressant treatment combined.  
2) Antidepressant treatment only.  
3) Antidiabetic treatment only. 
4) Neither antidiabetic nor antidepressant treatment.  

 
Antihypertensive drugs were used for adjustment. 

Categorisation 

Participants were reallocated to one of these treatment groups in 2009 and 
2010. The classification was based on dispensing of antidiabetic and/or 
antidepressant drugs on at least one occasion during the previous two years. 
Once categorised as ‘antidiabetic & no antidepressant’ or ‘antidepressant & no 
antidiabetic’, participants could not be classified as ‘no antidiabetic & no 
antidepressant’, but could shift unidirectional from having ‘antidiabetic & no 
antidepressant’ or ‘antidepressant & no antidiabetic’ to ‘antidiabetic & 
antidepressant’ the following year if both antidiabetics and antidepressants 
were dispensed (Figure 4). 
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Statistical analyses 

SPSS Statistics 18-22 were used for analysis in all studies, SAS software version 
9.3 and the STATA software version 13.0 were used in the INTERAC2 trial and 
R – 3.2.0 were used in the SWE-diadep study. Statistical significance was set at 
a p-value <0.05, two sided. Continuous variables with normal distribution 
were presented with mean and standard deviation (SD). If the variable was 
not normally distributed (tested with the Kolmogorov-Smirnov test) median 
and interquartile range (IQR) was used. For categorical variables count and 
percentages were used for description. Differences in categorical variables 
were analysed with Pearson’s chi-squared test (paper I and III). (Categorical 
variables with cells that had an expected count less than five was analysed 
with the Fisher exact test). Continuous variables were examined with 
Student’s t-test or the Kruskal-Wallis test if not normally distributed (paper 
III) or the Mann-Whitney U test (paper I). A statistician was consulted in 
papers I-III and calculations for paper IV were done in collaboration with a 
statistician due to the large sample size that required statistical expertise.   

ELSA85 

Supplementary calculations for AF based on ECG at inclusion together with 
history of AF were made. Supplementary logistic regression analyses, both 
univariate and multiple were performed with ‘AF at inclusion’ as dependent 
variable (model 1, AF n=53) or ‘AF at inclusion together with history of AF’ 
(model 2, AF n=71). Variables with a p-value <0.1 were included in the 
multiple logistic regression models. Results were reported as odds ratios (OR) 
with associated 95% confidence intervals (CI).  
 
All-cause mortality in the AF and non AF groups after five years was analysed 
with a Cox regression analysis. Variables with a p-value <0.1 in the baseline 
multiple analysis (model 1, n=53) were included in the survival analysis. The 
results were shown as hazard ratios (HR) together with 95% CI.   
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INTERACT2 

Participants in the INTERACT2 trial were divided into five (quintiles) age 
groups. Differences in baseline characteristics between age groups were 
assessed using a simple linear regression model. Associations between age 
category and primary outcome (death or dependency; mRS score 3-6), and 
secondary outcomes; death, dependency alone and HRQoL (EQ-5D scores 
dichotomised to ‘any problems’ vs ‘no problems’) were analysed with logistic 
regression, and reported as an OR with associated 95%CI.  An ordinal 
regression was used to evaluate the key secondary outcome (physical function 
across seven levels of the mRS)[158]. Associations between age in quintiles and 
study outcomes were analysed in multiple logistic regression models. 

SHADES 

A Cox regression analysis was used in the SHADES study to estimate 
relationships between SBP at inclusion and time to death adjusted for age and 
sex. All remaining participants were censured at the end of the follow-up 
period (April 2011). Four SBP categories were included in the Cox regression 
model and SBP 120–139 mmHg was used as the reference group. Age was 
measured as a continuous variable. Changes in SBP over time in a subgroup of 
180 participants were compared on an individual level using a paired 
Student’s t-test.  
 

SWE-diadep 

In the SWE-diadep study, a Cox regression analysis was performed using the 
time from January 2008 to first fatal or non-fatal MI event as the follow-up 
time variable. Participants with no MI event were censured at the time of 
death or the end of the follow-up period, December 2010.  Treatment category 
was used as time dependent variable. HR estimates with 95%CIs were 
calculated for the three categories with antidiabetics and/or antidepressants 
(category 1, 2 and 3) compared to the reference group with no antidiabetics or 
antidepressants (category 4). Participants were stratified by gender and age 
group (45-64 years and 65-84 years).  A supplementary Cox regression analysis 
was carried out for the oldest participants, aged 80 – 84 years.  
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Ethical considerations 

All studies complied with the Declaration of Helsinki. Written informed 
consent was obtained from each participant or legal surrogate. For the 
INTERACT2 trial this was done in accordance with national regulations at 
each participating site. The studies resulting in papers I, III and IV, were 
approved by the Regional Ethical Review Board at Linköping University, 
Sweden (Dnr 141-06, 150-07 and 2011/489-31). All participants could withdraw 
at any point if they chose to. Also, those approved for participation by the next 
of kin, who could not understand or were not able to consent due to medical 
issues could withdraw at a later stage. Participants suffering from dementia 
were not physically examined or put through blood sampling if they resisted 
at the time for evaluation. All data were unidentified, presented on a group 
level and specific individuals could not be singled out and identified. The risk 
for harm was over all considered low and the gain of new knowledge valuable 
which motivated performing the studies. 
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RESULTS AND COMMENTS 

ELSA85 

Atrial fibrillation (AF) and co-morbidity in elderly. A 
population based survey of 85 years old subjects. 

Results 

Out of the 336 participants 53 had an ECG showing AF which comprised 16% 
of the study population. There were few observed differences between the AF 
and non-AF groups. 18 participants in the ‘sinus rhythm or pacemaker’ group 
had a history of AF. Out of these 15 had an AF diagnosis of which two had 
pacemaker. In table 1, supplementary columns have been added to show both 
cross sectional results based on ECG at inclusion (paper I) and history of AF 
and/or present AF (all variables with differences between ‘AF cross section at 
baseline’ and ‘AF cross section at baseline together with history of AF’ are 
shown) . This did not change the main results.  
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A supplementary univariate logistic regression analysis did not change the 
observed differences between the AF and the non AF groups.  There were also 
virtually no differences when AF at baseline and history of AF (n = 71) was 
entered as dependent variable instead of ECG showing AF at baseline (n = 53). 
In the multiple model 1 analysis significant differences persisted at large, 
except for SBP (p=0.333), total number of admitted days/year (p=0.090) and 
treatment with aspirin (p=0.392), beta blockers (p=0.731) and ACE 
inhibitors/AII blockers (p=0.992). In the second multiple analysis, model 2, 
significant differences also persisted, except for CHF (p=0.125), BMI≥30 kg/m2 

(p=0.088), SBP (p=0.071), treatment with aspirin (p=0.565) or ACE 
inhibitors/AII blockers (p=0.599).  
 
19 of 53 participants with AF (36%) did not have OAC treatment. Their 
medical records showed that six had a noted contraindication for OAC. In one 
case due to severe ICH following warfarin treatment and in five cases due to 
increased fall risk and dementia. Four patients with a noted contraindication 
to OAC had prophylactic treatment with ASA instead, ranging from 75 to 320 
mg. There was no noted contraindication in five cases. One person did not 
have AF diagnosis. In this case the ECG was difficult to interpret, the 
automatic interpretation (not used in the study) also showed an 
‘indeterminable rhythm’. One participant was misclassified as not on OAC 
treatment, this participant had warfarin treatment. Two participants were 
recommended, but chose not to take OAC treatment. (Out of the 19 
participants without OAC treatment, four were given treatment after the 
baseline evaluation was finished). 
 
In the follow-up evaluation at 90 years 113 persons participated. Out of these 
16 (14%) had AF at the baseline ECG evaluation. 128 of 336 participants had 
died (38%). A survival analysis showed an increased HR for all-cause 
mortality in participants with AF at baseline (HR 1.61, 95% CI 1.05-2.45, 
p=0.029) adjusted for sex. This increase in HR did not persist when further 
adjusted for CHF only, and consequently also not when adjusted for all 
variables with a p-value <0.1 at baseline (SBP, CHF, BMI ≥30kg/m2, NT-
proBNP, warfarin treatment, estimated GFR <30 ml-1, prevalent tachycardia 
and total number of admitted days/year). In fact, the only significant 
difference was gender, men had an increased HR for all-cause mortality of 1.65 
(95%CI 1.13-2.40, p=0.009).  
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Comments 

This study showed that the investigated population of 85 year old persons 
with atrial fibrillation was surprisingly healthy in terms of healthcare contacts 
and overall HRQoL. AF at baseline did not increase the risk for all-cause 
mortality at 90 years of age.  
 
In the AF group, there was an indication for stroke prevention with OAC 
treatment in most cases estimated with both the CHADS2 and the CHA2DS2-
VASc risk scores. When the latter was used, there was an OAC indication for 
all participants with AF.  

INTERACT2 

Older age is a strong predictor for poor outcome in 
intracerebral haemorrhage: the INTERACT2 study 

Results 

NIHSS scores progressively increased with increasing age categories. Lobar 
location and presence of intraventricular extension were also more common in 
the categories of older age. Current use of antihypertensives was significantly 
less frequent in the categories of younger age but there was no association of 
age with history of ICH or hypertension. 81 patients (3%) received treatment 
with warfarin at ICH onset, 45 (56%) of these individuals were in the oldest 
age quintile, >75 years.  
 
Figure 5 shows that increasing age was associated with increasing frequency 
of death or dependency (multiple adjusted OR 4.36, 95% CI 3.12-6.08 for >75 
years vs <52 years, p for trend <0.001). Worse HRQoL, including problems 
with mobility, self-care, usual activities, depression (all p for trend <0.001), and 
pain or discomfort (p for trend 0.022) were more common in participants >75 
years compared to <52 years. The association between age and death or 
dependency remained significant even after further adjustment for admission 
to an intensive care unit and for withdrawal from active care (p <0.001 for 
trend). The key secondary outcome, physical function across seven levels of 
the mRS, worsened across increasing age categories (p for value trend <0.001), 
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with those over 75 years of age having a greater than 5 fold odds of worse 
physical function, or death) OR 5.52 (CI 4.31-7.06).  
 
 
 
 
 
 
 

 
 
 
Figure 5. Association of age and primary outcome of death or dependency (mRS 3-6) 
at 90 days after intracerebral haemorrhage (ICH). Solid boxes represent estimates of 
odds ratios (OR). Vertical lines represent 95% CI. Age group <52 years was used as 
reference group. OR were adjusted for sex, recruitment from China, National 
Institutes of Health Stroke Scale (NHISS) score ≥14, time from onset of ICH to 
baseline CT, haematoma volume, lobar location of haematoma, intraventricular 
extension, current use of antihypertensive drugs, systolic blood pressure, prior ICH, 
prior ischaemic or undifferentiated stroke, DM, glucose and randomised treatment 
(paper II).  
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Comments 

Although based on a selected clinical trial population, this study has shown an 
association of ageing with several clinical factors shown to be individually 
connected to poor outcome, such as stroke severity (defined by high NIHSS 
score), haematoma characteristics (including intraventricular extension), 
comorbid CVD, DM or prior antithrombotic therapy. There was a strong 
association between worse functional outcome, defined by the mRS, and 
increasing age. Antihypertensive drugs were more commonly used in elderly 
people, but history of hypertension was equally common across age groups, 
suggesting that younger hypertensive individuals had less adequate 
antihypertensive treatment. 

SHADES 

Blood pressure and all-cause mortality: a prospective 
study on nursing home residents 

Results 

Low SBP was associated to increased mortality (Figure 6). Mean blood 
pressure at baseline was 134/72 (SD 23/12) mmHg. 267 (66%) participants had 
antihypertensive treatment (ranging between one and four antihypertensives) 
and 223 (55%) participants were on low-dose aspirin. Apart from the use of 
loop diuretics, which was more common in participants with SBP <120 mmHg 
than in those with higher SBP; there were no differences in pharmaceutical 
treatment between the SPB groups. Risk of malnutrition or present 
malnutrition was most common in participants with SBP <120 mmHg. BNP 
values were significantly higher in the SBP <120 mmHg group compared with 
the three other SBP groups. There was no difference in number of 
antihypertensives between SBP groups. The use of loop diuretics was most 
common in the SBP <120 mmHg group, as was a CHF diagnosis.  
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Figure 6 shows survival probability curves for 406 nursing home residents divided 
by SBP, adjusted for age and sex. SBP 120–139 mmHg was used as the reference 
category. Participants with SBP <120 mmHg had an increased HR for mortality (1.56 
(95% CI, 1.08–2.27; p=0.019) but there were no differences between SBP groups 140–
159 mmHg and ≥160 mmHg compared with the reference group (paper III). 
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174 (43%) participants died during the study. The major cause of death was 
CVD (including stroke) n=77 (48%) cases. Other causes of death were 
infectious disease, n=29 (18%), frailty, n=17 (11%) and dementia, n=15 (9%). 
There was no significant difference in the distribution of CVD deaths between 
blood pressure groups (p=0.08). 
 
SBP decreased during the prospective study period in a subgroup of 180 
participants who were eligible for measurements over 18 months, from a mean 
of 135 mmHg (SD 22.4) to 130 mmHg (SD 21.0, p<0.001). This was not 
associated with changes regarding anti-hypertensive treatment. The 
participants had a median anti-hypertensive treatment of 1.00 drug 
(interquartile range, 0.00–2.00, p=0.564) both at baseline and after 18 months 
(Figure 7). 
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p= 0.206 

p= 0.003 

p< 0.001 

Figure 7. Blood pressure development in nursing home residents over 18 months in a 
subgroup of 180 participants eligible for measurements (paper III).   
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Comments 

Low SBP was associated with increased mortality in elderly individuals living 
in nursing homes. Also, SBP declined over time, which could not be explained 
by changes in the use of blood pressure lowering medications. The increased 
risk for all-cause mortality observed in our study did not change when we 
adjusted for number of antihypertensives. 

SWE-diadep 

The use of antidiabetics and antidepressants is 
associated to increased risk for myocardial infarction: a 
nationwide register study 

Results 

In Figure 8, the crude HRs and 95% CIs for a first MI compared to the 
reference group i.e. participants without antidiabetics or antidepressants 
stratified by age and gender are shown. Women with glucose lowering agents 
and antidepressants in the age category 45-64 years had substantially greater 
HR for MI (7.4, 95% CI 6.3-8.6) compared with men (3.1, 95% CI 2.8-3.6) in the 
same age category. When the analyses were adjusted for antihypertensive 
medication the results remained virtually unchanged. 
 
273 565 of the 3 965 839 (6.9%) participants without re-infarction were 80-84 
years old, 114 365 (41.8%) were men and 159 200 (58.2%) women. Of the 
participating men aged 80-84 years 11.3% had antidiabetics, 10.3% had 
antidepressants and 2.1% had antidiabetics and antidepressants combined. 
The corresponding percentages for women were 7.9%, 18.3% and 2.5%. The MI 
incidence during follow up in 80-84 years old was 3.4% (n=8956), where 4.1% 
of the men had a first MI and 2.7% of the women. 
 
The HRs and 95% CIs for a first MI in participants aged 80-84 years with 
antidiabetic and antidepressant treatment compared to the reference group of 
neither antidepressants nor antidiabetics were 1,71 (1.46-2.00) for men and 2.24 
(1.96-2.57) for women (Figure 9). 
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Figure 8. Hazard ratios (HR) for a first myocardial infarction (MI) in participants on 
treatment with antidiabetics and/or antidepressants in Swedish residents. HR and 
95% confidence intervals (CI) among men (blue) and women (red) with antidiabetics 
only, antidepressants only, or antidiabetics and antidepressants combined as markers 
of disease, compared with the reference of neither antidiabetics nor antidepressants. 
Participants were stratified by age, 45-64 and 65-84 years (paper IV). 
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Figure 9. HRs and 95% CIs for a first MI in a subgroup of participants aged 80-84 
years with antidiabetics and/or antidepressants compared to the reference group of 
neither antidepressants nor antidiabetics. HR and 95% confidence intervals among 
men (blue) and women (red) with antidiabetics only, antidepressants only, or 
antidiabetics and antidepressants combined as markers of disease compared with the 
reference neither antidiabetics nor antidepressants. 
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Comments 

The combination of antidiabetics and use of antidepressants substantially 
increased the risk of a first MI compared to categories of none or either of 
treatments alone. There were gender specific differences. The middle aged 
women with both antidiabetics and antidepressants had a marked increased 
HR for a first MI.  
 
In the subgroup of participants aged 80-84 years with antidiabetics and 
antidepressants combined, there was an increased risk for a first MI as well, 
but not as markedly as in younger ages.  
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DISCUSSION 

The main finding of this thesis is that risk factors for CVD in the oldest old are 
not as clearly associated to disease and prognosis as in younger adults. The 
prevalence of AF in the ELSA85 study is high in comparison with some prior 
studies [159], but corresponds with findings of others[75]. Previously, it has 
been shown that there are several diseases that are comorbid with AF such as 
hypertension, CHF, MI, DM and stroke [160]. There were no differences 
between the AF and non-AF group for medical history apart from more 
frequent CHF in the group with present AF and elevated levels of NT-proBNP 
supporting this diagnosis.  
 
Health state scores decreases with age and the EQ-5D index value has been 
shown to be 0.74 in a general Swedish population aged 80–88 years old[161] 
which corresponds with the estimated HRQoL in the 85 years old, both with 
or without AF, in the ELSA85 study. The EQ-5D VAS-scale scores are also in 
concordance with the Euro heart survey where over 5000 adult patients with 
AF in all age groups assessed their HRQoL using the EQ-5D VAS scale[162]. 
Increasing age has been found to be related to worse HRQoL after stroke[163, 
164], a finding confirmed in the INTERACT2 cohort. Almost half of those over 
the age of 75 years had problems with anxiety or depression. Previous studies 
have shown that older stroke patients are more likely to experience 
depression,[165, 166] even among those who are considered to have recovered 
fully physically[164]. 
 
Increased SBP is generally a risk factor for CVD, dementia and increased 
mortality[167]. In advanced age, SBP <120 mm Hg has previously been shown 
to be associated with increased mortality[10, 45, 46, 168], which is in 
accordance with our results. Previous studies have also shown an association 
between low SBP and greater prevalence of dementia [47-49], which was not 
evident in the SHADES study where dementia diagnosis and treatment for 
dementia were common and not associated with SBP.  
 
A low SBP in older age can be a marker of increasing vascular frailty (a 
biological process naturally linked to the ageing body) or be associated with a 
general deterioration in health with age. A large longitudinal study of persons 
80 years old or older and living in nursing homes showed that the subgroup 
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with low SBP (<130mmHg) that received two or more antihypertensives had a 
greater than 2-fold risk for mortality[42]. The increased risk for all-cause 
mortality in participants with SBP< 120 mmHg observed in the SHADES study 
did not change when adjusted for number of antihypertensive medications or, 
two or more antihypertensives.  
 
Due to frailty and mortality it is difficult to perform longitudinal studies of 
cohorts of very old participants. Because of multiple comorbidities it is 
difficult to draw conclusions about causality of a finding, such as the 
association between low SBP and increased mortality in the SHADES study. In 
the ELSA85 study, there was a loss to follow-up of 223 participants (66%) after 
five years, out of which 119 (35%) had died. Loss to follow-up was challenging 
also in the SHADES study, where 174 (43%) participants died during the 
study. Elderly are not a homogenous group. Some are aged and frail, when 
others in the same age are healthy and autonomous, which may result in a 
research bias. In the ELSA85 study all participants were 85 years old. Of the 
650 people aged 85 years that received the postal questionnaire, approximately 
half participated in all parts of the baseline evaluation. Those lost to follow-up 
(those who did participate to some extent in the baseline evaluation or not at 
all) did differ significantly from the study participants concerning gender, 
more women were lost to follow-up than men. They also lived in nursing 
homes and received home visits from PHC to a greater extent than study 
participants. There was, however, no significant difference in health service 
use at the secondary care level[169]. Our results are not generalisable to the 
entire population of 85 years old, but still valuable for clinical work in the 
PHC- and geriatric setting.  
 
Adverse drug reactions are observed 2–3 times more frequently in geriatric 
patients than in middle aged adults[125]. Treatment with diuretics, especially 
loop diuretics, is one of the major causes of adverse drug reactions and 
hospital admission in older persons[170]. Furthermore, antihypertensive 
treatment is associated with increased fall risk and there is evidence that 
withdrawal of antihypertensive drugs and other medications associated with 
increased risk of falls can reduce the incidence of falls in elderly[170]. Adverse 
drug reactions are directly correlated with the number of drugs the patient is 
taking[38]. Therefore, clinicians should strive to reduce the use of unnecessary 
drugs in elderly people. It is doubtful whether preventive cardiovascular 
treatment in severely ill nursing home residents is beneficial for this 
population. In the SHADES study, 11% were given statins and 55% were using 



Discussion 

 53 

low-dose aspirin, with no significant differences between the SBP groups. 339 
participants (83%) in the SHADES study and 260 (77%) in the ELSA85 study 
took medications affecting the cardiovascular system. In the SHADES study of 
nursing home residents the total average drug consumption on a daily basis 
was 6.9 drugs and in the ELSA85 study with a majority of community 
dwelling participants, it was 5.4.  
 
AF is associated with an increased stroke incidence [90-92] which could not be 
observed in the ELSA85 study population where there was no difference for 
prior stroke or TIA between the AF- or non-AF groups. A possible research 
bias was that elderly in Linköping that had suffered a stroke received nursing 
home care and chose not to participate in the ELSA85 study. In the 
INTERACT2 trial there were few OAC treated patients with ICH (3%), a 
possible research bias was that patients with severe ICH were excluded, and 
their prevalence of OAC treatment was not known. However, considering the 
treatment benefits of prophylactic OAC treatment especially in elderly 
patients with AF[97-99], the risk for ICH as an OAC complication should not 
be overestimated. 
 
DM is a substantial risk factor for coronary heart disease, with a further 
increased risk associated to ageing. We hypothesized that having depression 
increased the risk for MI in men and women with DM, to a greater extent than 
in men and women without DM. Dispensed drugs rather than diagnosis of 
DM was used as a marker of disease because diagnoses from PHC are not 
included in the National Patient Register and previous studies have shown 
that 25% of the patients with DM are cared for in PHC solely [26]. 
Misclassification of patients with DM who were receiving dietary treatment 
only in the non-DM group would underestimate the increased MI risk for the 
DM population. In addition, oral treatment, mainly with metformin, is 
generally started early in the course of Type 2 DM. We could not show a 
multiplicative interaction, but there was a marked difference in risk for MI for 
individuals with both antidiabetics and antidepressants. This is in alignment 
with previously reported data[171]. In the general population women are at 
much lower risk for ischemic heart disease mortality than men are. However, 
it is widely held that women with DM are at especially high risk for coronary 
heart disease, relatively more so than men with type 2 DM, meaning that the 
impact of DM on the risk of coronary death is significantly greater for women 
than men[58]. This finding was confirmed in the SWE-diadep study and the 
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gender specific relative difference in the risk for first fatal or non-fatal MI was 
most clear in the middle aged category.  
 
With an increasing number of aged people globally, health care systems have 
to adapt to the needs of an older population with multimorbidity, chronical 
illnesses and increased needs of health care and medical treatments. Data on 
functional outcome after ICH are limited in elderly patients[172]. In the 
INTERACT2 study of outcomes after ICH, we showed that the older 
participants had much worse outcomes than young. Even though there was no 
difference between history of hypertension between young and old ICH 
patients, old patients with ICH had antihypertensive treatment to a higher 
extent than young. There was an overall majority of Chinese participants, 
predominantly in the younger age categories. The Chinese ICH patients with 
history of hypertension had antihypertensive treatment to a significantly lesser 
extent compared to the other participating countries (grouped together), 
which points out the global injustice of health care and treatment availability.  
 
The Swedish PHC commission is regulated by law and includes basic medical 
needs: treatments, general care, preventive medicine and rehabilitation, all of 
which when the patient is not in need of secondary care[173]. Limited 
availability in PHC has been a challenge for many years and improving this 
has been a political goal for quite some time. Structural changes have been 
made since 2007, the ‘Vårdval i primärvården’ (PHC choice) and ‘vårdgaranti’ 
(guaranteed care) reforms. However, it is uncertain if these reforms have had 
positive effects for the oldest population since there has been a focus primarily 
on availability of PHC and not continuity of care giver[174, 175]. In 2000 a 
number of national strategic goals were described for the Swedish health care, 
one of which was care of old people[173]. PHC was to be improved in terms of 
continuity, availability and quality. The demographic changes with an ageing 
population combined with the increased need of out-patient care due to 
shorter stays in hospital, lack of hospital beds, more advanced out-patient 
medical treatments and other structural changes are increasing challenges for 
the Swedish PHC[175]. Future elder care must take into account the 
complexity in the care of frail elderly individuals and structural health care 
changes are necessary to offer individually adapted care for the oldest old.  
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Strengths and limitations 

This thesis is based on four different studies which offer both strengths and 
limitations. Strengths are the width of the material that enables exploration of 
different aspects of the research questions and increase the generalisability. 
Limitations are that the age distribution varies between the different materials, 
and study planning was not based on findings of previous studies from the 
thesis. 
 
A limitation of the ELSA85 baseline evaluation is the relatively low number of 
participants with AF. Furthermore, the cross sectional design precludes 
conclusions about causality. However, this does not undermine the fact that 
the participants with AF were found not to differ in major respects compared 
to the participants without AF. 
 
Strengths of the INTERACT2 study include the large prospective cohort 
design with very low loss to follow-up. A wide range of patient characteristics 
and health care settings were involved increasing generalisability. Rigorous 
evaluation of outcomes helped ensure reliability. However, a major limitation 
was the exclusion of those patients with poor prognosis, which may have 
restricted the inclusion of elderly patients with severe ICH. 
 
Strength of the SHADES study was the homogeneity of the study population 
located in various parts of Sweden, diminishing possible differences due to 
treatment traditions. Limitations were the high mortality rate and continuous 
inclusion during the study period that meant that very few participants could 
be followed for the whole 30 months. From this observational study, it was not 
possible to draw conclusions about causality between the association of low 
SBP and mortality. Furthermore, the observed outcome may be due to reverse 
causation, i.e. pre-existing illness may explain both low blood pressure and 
impending death. 
 
The strengths of the SWE-diadep study include the large study population, 
which made it possible to stratify data into subgroups and still have statistical 
power to achieve valid results. Another strength is that the data were 
population-based, with complete national coverage which reduces possible 
recall and selection bias. The different registers used have high validity[176] 
and full coverage of the requested variables. There were some limitations 
because of the study methodology. We had no information for the reasons for 
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antidepressant and antidiabetic treatment. The indication for treatment may 
therefore have been a wide range of conditions, such as neuralgias or anxiety 
disorders. The study design meant that only one dispensing of antidepressant 
drugs during the study period qualified to categorisation in the antidepressant 
category and we did not have information regarding any dispensing of 
antidepressants before the run-in period 2006 - 2007. We also lacked 
information on important factors such as physical activity habits, smoking 
status, lipids, BMI and other current medications apart from 
antihypertensives, such as lipid-lowering agents. 
 

Clinical implications and future research 

There is an abundancy of studies in the cardiovascular research field, of which 
few address the cardiovascular health of the oldest old. This thesis contributes 
with clinical aspects to the evidence based knowledge about the treatment of 
cardiovascular risk factors in old age. There are differences in cardiovascular 
risks depending on gender. The finding that middle aged woman with 
antidiabetics and antidepressants combined are at relatively greater risk for MI 
than middle aged men is important clinically. Women with DM and 
depressive disorders combined should be given careful attendance. 
Furthermore, the guideline recommendation of a blood pressure treatment 
target of <150/90 in elderly over 80 years (the American Society of 
Hypertension and the International Society of Hypertension) is questionable in 
elderly, frail persons. It is important with systematic drug reviews in older 
persons in nursing homes, paying special attention to those with low SBP. If 
an ICH has occurred, the finding of worse prognosis with ageing will help 
guide clinicians in discussion with patients and their families about the likely 
outcomes in the acute phase of ICH.  
 
Future studies of drug withdrawal could render further knowledge, if aged 
and ill persons survive longer and with better HRQoL if antihypertensive 
treatments are reduced. With the new NOAC drugs, future studies should 
strive to evaluate safety also for aged and frail patients with AF. Also, the 
homogeneity of the elderly in society needs to be further addressed to ensure 
good, evidence based health care and adequate preventive measures for all 
elderly. 
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CONCLUSIONS 

General conclusion 

Risk factors for CVDs in elderly differ from cardiovascular risk factors in 
younger persons and are not as clearly associated to disease and prognosis as 
in middle aged individuals.  

Specific conclusions 

• 85 year old persons with AF, mainly community dwelling, are relatively 
healthy and do not have impaired HRQoL or more health care contacts 
than individuals without AF in the same age. 

• Old patients with ICH do in comparison with younger ICH patients 
have worse outcomes in terms of death and disability, and worse 
HRQoL. 

• Nursing home residents have an increased risk for all-cause mortality if 
the SBP is low (<120 mmHg). The SBP also declines over time in a 
nursing home cohort. 

• Treatment with antidepressants and antidiabetics constitutes a greater 
risk for a first MI than antidiabetics alone, especially in women 45-64 
years old. 
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POPULÄRVETENSKAPLIG 
SAMMANFATTNING  

Den snabbast växande åldersgruppen, både i Sverige och internationellt är 
individer över 80 år. Detta beror framförallt på socioekonomisk utveckling och 
medicinska framsteg med minskad spädbarnsdödlighet och minskad 
dödlighet i infektionssjukdomar. Det beror också på bättre behandling av 
kroniska sjukdomar. Hjärt-kärlsjukdom, exempelvis hjärtinfarkt och stroke, är 
den vanligaste dödsorsaken globalt. Förekomsten av kroniska sjukdomar ökar 
stadigt, främst beroende på att allt fler blir allt äldre. Insjuknande i stroke, 
diabetes och förmaksflimmer är starkt kopplat till stigande ålder. Flera 
riskfaktorer för hjärt-kärlsjukdom går att påverka genom levnadsvanor och 
medicinsk behandling, av vilka högt blodtryck (blodtrycksnivåer över 140/90 
mmHg) är den viktigaste ur hjärt-kärlsjukdomssynpunkt. 
 
När vi åldras förändras både kroppens signalsystem och fördelningen mellan 
muskelvävnad, fettvävnad och kroppsvatten. Njurfunktionen försämras och 
allt detta påverkar sammantaget förmågan att fördela och utsöndra läkemedel. 
Det gör att äldre inte svarar på samma sätt som yngre på läkemedels-
behandling och det finns en ökad risk för oönskade läkemedelseffekter. 
Behandling med flera olika läkemedel, vilket är vanligt vid hög ålder ökar 
också biverkningsrisken. Merparten av alla studier görs på yngre individer. I 
många fall saknas helt vetenskapligt stöd för på vilket sätt en åldrad människa 
ska behandlas med läkemedel, och vilka behandlingsresultat som skall 
eftersträvas. 
 
Syftet med denna avhandling var att studera åldrande och riskfaktorer för 
hjärt-kärlsjukdom (förmaksflimmer, högt blodtryck och diabetes), kopplat till 
samsjuklighet och mortalitet. 
 
I ELSA85-studien (delarbete I) visades att 85-åringar i Linköpings kommun 
med förmaksflimmer var förvånansvärt friska även om de hade många 
diagnoser. Den upplevda hälsorelaterade livskvaliteten var hög, och det var 
ingen skillnad jämfört med dem som inte hade förmaksflimmer, och inte heller 
jämfört med äldre i andra studier, eller förmaksflimmerpatienter i yngre 
åldrar. 
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I INTERACT2-studien (delarbete II), en internationell studie från 21 länder, 
visades att ålder vid insjuknande i hjärnblödning har stor betydelse för 
överlevnad, fysisk funktion och hälsorelaterad livskvalitet efter genomgången 
hjärnblödning. Ju äldre personerna som insjuknade var, desto högre var risken 
för resttillstånd eller död. 
 
I SHADES-studien (delarbete III) visades att ett övertryck under 120 mmHg 
kunde kopplas till ökat dödlighet hos personer boende på sjukhem jämfört 
med blodtrycksgruppen 120-139 mmHg. Höga blodtryck (över 160 mmHg) 
kunde inte kopplas till ökad dödlighet i denna studiepopulation med gamla 
och sjuka individer. Vi visade också att övertrycket sjönk under en 18 
månadersperiod. 
 
I SWE-diadep-studien (delarbete IV), en registerstudie av alla svenskar i 
åldern 45-84 år, visades att personer som behandlas med både antidepressiva 
och diabetesläkemed hade större risk att insjukna i en första hjärtinfarkt 
jämfört med dem som inte hade något av dessa läkemedel eller läkemedel ur 
endera gruppen. Denna risk var störst hos yngre individer 45-64 år. Det fanns 
en påtaglig könsskillnad och det var de yngre kvinnorna som löpte störst risk.  
 
Sammanfattningsvis är huvudfynden i denna avhandling att riskfaktorer för 
hjärt-kärlsjukdom hos de äldsta i befolkningen är svårvärderade eftersom de 
inte kan kopplas till sjukdom och prognos på samma sätt som hos yngre. 
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