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Abstract
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Identification of modifiable risk factors for Alzheimer’s disease (AD) is crucial in order to
diminish suffering from this devastating disease. The aim of this thesis was to investigate if
different aspects of glucose metabolism, insulin, fatty-acid composition or other vascular risk
factors predict the future development of AD and dementia.

This thesis is based on the Uppsala Longitudinal Study of Adult Men (ULSAM) cohort, which
started in 1970. A total of 2322 men at age 50 were examined with focus on vascular risk factors.
The cohort was re-examined at ages 60, 71, 77, 82 and 88. Incident diagnoses of AD, vascular
dementia, other dementias and cognitive impairment were assessed in 2005-2010.

The risk of AD was increased in subjects with lower early insulin response measured with both
an intravenous glucose tolerance test at 50 years and an oral glucose tolerance test at 71 years of
age. The presence of vascular risk factors such as hypertension, obesity, hypercholesterolemia
and smoking increased the risk of future vascular dementia but not of AD. Furthermore,
saturated fatty acids at midlife were inversely associated with risk of AD. No evidence of a
protective effect of omega-3 fatty acids against dementia was found.

The susceptibility allele, APOE €4, was the strongest individual risk factor. APOEF €4 carriers
with vascular risk factors had the greatest risk of developing dementia. Low insulin response
was a risk factor for AD mainly in APOE &4 non-carriers.

Disturbances in insulin and glucose metabolism, vascular risk factors and fatty acids are
linked differentially to the pathogenesis of AD and vascular dementia. These observations
should be considered when future clinical approaches are planned to prevent and postpone the
onset of dementia.
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Introduction to the epidemiology of dementia

Alzheimer’s disease (AD) is the most common cause of dementia and its
origin is likely to result from an interaction between genetic susceptibility
and environmental risk factors. Interventions that could prevent or postpone
the onset of dementia would have a major effect on public health.

The aim of this thesis was to investigate if different aspects of glucose
metabolism, insulin, fatty-acid composition of serum lipids or other vascular
risk factors predict the future development of AD and other dementia sub-
types in the Uppsala Longitudinal Study of Adult Men (ULSAM) cohort.

Definitions of dementia, Alzheimer’s disease and
vascular dementia

Dementia is a syndrome that is defined by permanent (lasting at least six
months) impairments in memory and at least one other cognitive function
that are severe enough to cause significant impairment in social function or
activities of daily living. Symptoms should represent a significant decline
from a previous level of functioning. These most established criteria from
1994 are from the American Psychiatric Association’s Diagnostic and Statis-
tical Manual of Mental Disorders, fourth edition (DSM-IV) [1].

The National Institute of Neurological and Communicative Disorders and
Stroke and the Alzheimer Disease and Related Disorders working group
(NINCDS-ADRDA) criteria were presented in 1984 [2]. These landmark
criteria for AD include a specification that the onset of dementia should be
insidious and that there is a lack of other systemic or brain diseases that may
account for the progressive memory and other cognitive deficits. According
to the NINCDS-ADRDA criteria, a definite diagnosis of AD is only to be
made when there is histopathological confirmation of the clinical diagnosis.

Vascular dementia (VAD) is a heterogenous syndrome. A history of clini-
cal stroke and/or presence of vascular disease (cortical infarcts, lacunar in-
farcts, strategically located subcortical infarcts, severe subcortical white
matter disease or a combination of these) support a vascular rather than a
degenerative cause for the cognitive impairment. According to the State of
California Alzheimer's Disease Diagnostic and Treatment Centers (ADDTC)
criteria [3], there should be a temporal relationship between the stroke and
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dementia onset for a probable diagnosis. Typical neurological signs and vas-
cular lesions in brain imaging support the diagnosis.

Prevalence, incidence and prognosis

There is considerable variation in the prevalence and prognosis of dementia
and AD in different studies, which is probably caused by different popula-
tion samples and diagnostic criteria. The prevalence of dementia is very low
before the age of 60, but increases exponentially with increasing age. The
crude prevalence of dementia is approximately 5% for individuals over 65
years and increases up to 20% for those over 80 years of age. For those over
90-95 years, the prevalence could be as high as 40-50% [4].

There are approximately 140 000 persons in Sweden with dementia and
approximately 25 000 new cases of dementia occur every year. It has been
estimated that the incidence of dementia in Sweden will dramatically in-
crease after 2020 as the number of individuals older than 80 years increases.
The most common dementia subtypes are AD (60-70%) and VAD (10-20%).
However, the neuropathology of dementia in later life is often a mixture of
Alzheimer pathology and vascular brain damage [5]. Women have a higher
prevalence than men [6].

The prognosis for dementia depends on the underlying disease and age at
diagnosis. On average, people with AD live eight years past their diagnosis,
with a range from one to 20 years. The patients gradually develop memory
loss, comprehension and language problems, visuospatial impairments, be-
havioural changes and loss of independence in activities of daily living.
Long-term institutional care is often needed. At present, no therapies can
reverse the progression of AD. Two different types of drugs, cholinesterase
inhibitors and the NMDA receptor antagonist memantine, provide temporary
improvement in cognitive functions for some patients with AD and may
ameliorate disease progression.

The symptoms of VAD begin in most cases more abruptly than those of
AD. The clinical course of VAD may be static, partially remitting or pro-
gressive. Impaired gait, incontinence, dysexecutive problems or mood and
personality changes are often present early in the course. Symptoms may
progress stepwise with the occurrence of new strokes. Treatment focuses on
minimising the risk of further vascular events i.e. smoking cessation, aspirin
therapy and treatment of hypertension. Cholinesterase inhibitors have been
tested in clinical trials but the effect seems to be less than in AD.
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Etiology

Alois Alzheimer was the first to describe the deposition of senile plaques
and neurofibrillary tangles in the cerebral cortex of a demented patient in
1906. The content in the plaques was identified as a peptide named amyloid-
beta (AP) in 1984 [7]. AP aggregates to produce senile plaques. According
to the amyloid cascade hypothesis, this would initiate further pathological
events, including the formation of neurofibrillary tangles containing hyper-
phosphorylated forms of the tau-protein and disruption of synaptic connec-
tions, which would lead to a reduction in neurotransmitters, neuronal death
and dementia [8]. However, later studies have observed that soluble, oli-
gomeric and even intracellular AP, rather than insoluble forms of AP in
plaques, have toxic effects [9].

VAD occurs from hypoxic-ischemic injury in the brain. A liberal defini-
tion includes all forms of cerebral vascular brain injury that leads to demen-
tia. On the other hand, cognitive decline may predict stroke [10]. The major
clinical variants are dementia due to subcortical lacunes and white matter
changes, multi-infarct dementia, and dementia due to a single strategic in-
farct [11]. Other cerebrovascular causes include vasculitis, subdural hema-
toma and subarachnoid hemorrhage.

Risk factors

The dementia diagnostic work in ULSAM was initiated in 2006. The same
year SBU (Swedish Council on Health Technology Assessment) published a
review on dementia diseases and risk factors (Table 1). The number of pub-
lications on risk factors for dementia is continuously increasing and has
nearly doubled during the past five years.
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Table 1. Summary of the main proposed risk factors for Alzheimer’s disease and
other types of dementia according to the SBU report in 2006 [6]:

AD Increased risk Decreased risk
Strong evidence APOE &4 allele -

Intermediary strong Family history, hypertension  Education, active leisure

evidence at midlife time

Limited evidence High cholesterol at midlife, Modest alcohol intake, anti-
occupational exposure hypertensive drugs

Other dementias Increased risk Decreased risk

Strong evidence - —

Intermediary strong Family history, hypertension  Education, active leisure
evidence at midlife, diabetes, APOE ¢4 time, antihypertensive drugs

Limited evidence Occupational exposure Modest alcohol intake

Genetics and Family history

Getting old is a major risk factor for all dementias. Late onset sporadic AD,
i.e. with onset after the age of 65, accounts for over 95% of AD cases. It is
assumed to be polygenic and multifactorial. First-degree relatives of AD
patients have an increased risk of developing the disease. However, only one
gene polymorphism is known to influence disease development: apo-
lipoprotein E (4APOE) [12]. About 25% of the Swedish population inherit at
least one copy of the APOE &4 allele. This increases their risk of developing
AD by up to four times, but it is neither necessary nor sufficient for the dis-
ease. The mechanism by which APOE alleles modulate A accumulation in
late onset AD is not clear. One of the suggested mechanisms is that it binds
to AP with high avidity and regulates its clearance from the brain [13].

There are rare cases of families where mutations in the amyloid precursor
protein (4PP) gene or the two presenilin genes (PSEN-1 and PSEN-2) lead
to AD. People with mutations in these genes may develop AD already before
the age of 50 and the disease has autosomal dominant inheritance. These risk
genes account for less than 0.1% of AD cases.

Twin studies have revealed that non-genetic risk also plays an important
role, as there are monozygotic twin pairs in which only one individual has
dementia [14]. Despite the fact that both family history and the APOE €4

14



allele are associated with increased levels of cardiovascular risk factors, the
association between VAD and the APOE ¢4 allele is not clear.

Vascular risk factors

Several population-based middle aged cohorts started in the 1960s and 1970s
in order to study risk factors for cardiovascular disease. Many of these stud-
ies have since mid-1990s, after more than 30 years of follow-up, assessed
cognitive function and identified incident cases of dementia among the par-
ticipants [15]. As a result we have information about the longitudinal asso-
ciations of vascular risk factors to the risk of cognitive disorders.

High systolic blood pressure, hyperlipidemia, hyperglycemia, diabetes
and markers of inflammation have all been associated with dementia and
cognitive impairment but the results are far from conclusive. It is still not
clear if some of these factors have a direct impact on the development of the
specific neuropathologic lesions in AD; if they increase the risk of non-
specific cognitive deterioration in general or if their effect is mediated by
cerebrovascular lesions.

The risk factors for VAD are in many cases the same as traditional risk
factors for stroke. Besides the above mentioned factors, clinical vascular
diseases such as coronary artery disease, peripheral arterial disease, chronic
kidney disease and atrial fibrillation are also risk factors for stroke and have
been associated with cognitive impairment. The characteristics of risk fac-
tors for dementia may change with age as both the levels of risk factors and
their treatment change.

Lifestyle factors

The association between low education and dementia is supported by a ma-
jority of studies, but very few studies have investigated whether this associa-
tion may be attributed to lifestyle factors that co-vary with low education
and low socioeconomic status, such as overweight and a sedentary lifestyle.
Healthy diets, the prevention of nutritional deficiencies, modest alcohol in-
take and physical, cognitive and social activities are possible modifiable
protectors against the development and progression of dementia. However,
in most cases, these results are from observational studies, and need valida-
tion from large randomised clinical trials in older persons [6]. Smoking has
effects on both the cardiovascular system and neurons and increases the risk
of cognitive decline in most studies. Depression, psychological stress and
head trauma have been proposed as risk factors for AD but these possible
associations remain less explored.
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Diabetes, insulin secretion and insulin
resistance

Defects in insulin secretion and insulin action are the major abnormalities
behind the development of type 2 diabetes mellitus (DM) [16]. For type 2
DM to develop, both defects must exist: for example, the majority of over-
weight individuals are insulin resistant, but only those with an inability to
increase pancreatic beta-cell production of insulin sufficiently develop DM.

A glucose tolerance test, where blood glucose levels are determined after
administration of glucose, is used to diagnose impaired glucose tolerance
and DM. An intravenous glucose tolerance test (IVGTT) eliminates
variations due to gastro-intestinal factors. A widely used procedure in
clinical practice is the more physiological oral glucose tolerance test
(OGTT). A two hour postload glucose level of at least 11.1 mmol/L is used
as the reference standard for diabetes diagnosis. Because plasma glucose and
insulin responses during this test reflect the ability of pancreatic beta-cells to
secrete insulin, the 30 minutes ratio of change in plasma insulin and glucose
has been used as an index of beta-cell function [17].

Insulin resistance is a condition in which normal amounts of insulin act
inadequately in fat, muscle and liver cells. The gold standard for
investigating and quantifying insulin resistance is the "euglycemic insulin
clamp" [18], which measures the amount of glucose necessary to compensate
for an increased insulin level without causing hypoglycemia. The test is
rarely performed in clinical care, but is used in medical research. Insulin is
infused at a constant rate through a peripheral vein. In order to compensate
for the insulin infusion, glucose is infused to maintain normal blood glucose
levels. The rate of glucose infusion is determined by checking the blood
sugar levels every 5 to 10 minutes. This rate during the last 60 minutes of the
two hour test determines the insulin sensitivity.

Both impaired secretion as measured by low acute insulin response to a
glucose load and peripheral insulin resistance analysed by euglycemic
insulin clamp technique have been shown to be independent predictors of
worsening glucose tolerance and DM [19, 20].
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Cross sectional case-control studies

The relationship between insulin and AD has been of great interest since the
1980s. AD patients had elevated fasting insulin levels compared to healthy
elderly persons in a Swedish study with OGTT from 1983 [21]. These find-
ings might be secondary to alterations in physical activity or adiposity, i.e.
inactivity and inadequate diet may be consequences, rather than causes of
dementia. One previous study using clamp technique found decreased insu-
lin sensitivity in AD patients compared to controls, while another study did
not [22, 23]. There were no differences in glucose and insulin responses
measured with OGTT or IVGTT between the AD patients and controls in
these two studies. In the population-based Rotterdam study, an increase in
OGTT postload insulin was associated with decreased cognitive function
only in women [24]. However, in a later study, demented patients had both
higher fasting glucose and insulin levels (insulin resistance) than healthy
controls and this was not influenced by differences in gender, adiposity,
nutritional status, serum lipids or hypertension. The impact of physical activ-
ity was not studied [25].

Longitudinal population studies started at midlife

The different population characteristics and significant results of a set of
previous longitudinal studies starting at midlife are illustrated in Table 2. In
the Honolulu-Asia Aging study, midlife abnormalities in glucose tolerance
were associated with increased risk of VAD but not with AD. The number of
subjects with diabetes at midlife was too small to draw any conclusions
about possible associations [26]. In another study from the same cohort with
baseline late in life, DM was associated with all-cause dementia and espe-
cially VAD [27]. In a later report from this cohort, the risk of dementia was
significantly increased at both extremes of insulin distribution [28].

Survival bias may be a significant limitation of studies with decades of
follow-up. In the Israeli Ischemic Heart Disease study [29], subjects with
diabetes had a higher prevalence of dementia than non-diabetic subjects.
However, only 2% of the cohort participants had diabetes and follow-up data
were only obtained for 5% of these diabetic subjects 35 years later. The high
drop-out rate was mostly due to death before the follow-up assessment. As in
most of the studies, diabetes diagnoses after baseline were not taken into
account.

In the Kaiser Permanente Medical Care Program of Northern California,
subjects with diabetes were more likely to get a diagnosis of dementia or
memory impairment [30, 31]. A computerised out-patient diagnoses system
made this large study possible, but the diagnoses obtained electronically
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from chart diagnoses may be insensitive and the criteria vary widely. Fur-
thermore, dementia subtypes were not studied.

Higher insulin levels at midlife were associated with a faster cognitive
decline in two previous studies. The clinical significance of this decline re-
mains unclear as the follow up of 4-6 years during midlife is too short to
study dementia as an end-point [32, 33].

Longitudinal population studies started late in life

The different population characteristics and significant results of a set of
previous longitudinal studies on dementia with measurements of glucose
metabolism late in life are illustrated in the Table 3. Many of the longitudi-
nal studies where both DM and dementia were assessed after 65 years of age
also included subjects who were over 80 years at baseline, resulting in a
wide baseline age spread. As dementia incidence dramatically increases with
age, all characteristics of the older individuals of the cohort may be inter-
preted as risk factors for dementia if the associations are not properly age-
adjusted. Some of the studies are very large. However, only a limited num-
ber have diabetes and a limited number of these have dementia. These low
numbers are often not discussed as limitations of the reliability. All studies
summarised in Table 3 used clinical evaluation to set the dementia diagno-
ses.

In the Washington Heights-Inwood Columbia aging project no relation
was found between DM and AD. However, the authors stress the significant
association between DM and the composite outcome of AD and cognitive
impairment. In the same study, there was a clear association between diabe-
tes and stroke-associated dementia. Fasting insulin was measured in a sub-
sample. Those with higher fasting insulin levels had an increased risk of AD
and total dementia and declined in memory-related tests over time [35].

Diabetes increased the risk of AD in the Rotterdam study in a very het-
erogeneous age-group with a short follow-up [36]. The participants in the
Religious Orders Study underwent annual clinical evaluations during a mean
period of 5.5 years. DM was associated with an increased risk of AD and a
decline in perceptual speed but not in other cognitive systems [37]. In the
Cardiovascular Health Study Cognition Study, DM increased the risk of
dementia but the association with AD was significant only in APOE €4 carri-
ers [38].
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Neither the Framingham study nor the Canadian Study of Health and Ag-
ing found that DM increased the risk of all-cause dementia or AD [39, 40].
The Kungsholmen project found a significant association between DM and
VAD but not AD [41]. A later study from the same cohort suggested, how-
ever, that uncontrolled DM increases the risk of AD [42]. Diabetes was a
risk factor for VAD but not for AD in a study from Gothenburg, “Origins of
variance in the Old-Old” where the participants were older than 80 years. In
this study, diabetes onset date was used in the Cox proportional hazards
analysis instead of dementia diagnosis date [43].

In conclusion, the relationship between DM and AD has been studied in
several large cohort studies; some did find an association, others did not.
Diabetes is associated with increased risk of stroke that may lead to vascular
dementia. Only few studies examined insulin abnormalities and risk of de-
mentia. The differences in age at baseline and length of follow-up may partly
explain the conflicting results of the different studies as well as other charac-
teristics of the study population and study design.

Neuroimaging and neuropathology

In the 541 participants of the Honolulu Aging MRI study, the risk for both
hippocampal atrophy and lacunes/infarcts was twice as high in subjects with
type 2 DM [44]. Those with the longest duration of diabetes, those taking
insulin, and those with diabetes complications, respectively, had relatively
more pathologic brain changes in MRI [44]. DM was associated with hippo-
campal and amygdalar atrophy regardless of vascular pathology in an MRI
study of 506 participants from the Rotterdam Study [45]. A total of 62 par-
ticipants underwent IVGTT and MRI in the University of Kansas Brain Ag-
ing Project. Glucose and insulin were not related to brain volume or cogni-
tive performance in nondemented individuals. Contrary to the original hy-
pothesis, increased peripheral insulin was associated with reduced AD- re-
lated brain atrophy in MRI, better cognitive function, and reduced dementia
severity [46].

As many studies with neuroimaging link DM with AD-related brain atro-
phy, the neuropathologial evidence is not convincing. A retrospective post-
mortem immunocytochemical and histofluorescent study did not find in-
creased AD pathology in diabetic subjects compared with age-matched con-
trol subjects [47]. The Religious Orders Study (233 subjects) found a rela-
tion between DM and cerebral infarctions but not between DM and AD
pathology at autopsy [48]. Similar findings were reported from a neuropa-
thological study of 196 nursing home residents. The demented individuals
without DM had a greater AP load while demented individuals with DM had
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more microvascular infarcts [49]. Another study of 385 subjects, which con-
trolled for age at death, dementia severity and presence of the APOE €4 al-
lele, indicated that subjects with DM had significantly fewer neuritic plaques
and neurofibrillary tangles than those without DM [50]. Another study of
248 subjects concluded that insulin in combination with oral diabetes medi-
cation was associated with less AD neuropathology [51]. In accordance with
previous studies, a recent study from Finland concluded that individuals with
DM were less likely to have AP plaques and tangles but more likely to have
cerebral infarcts after all adjustments [52].

One important limitation of autopsy studies is that the time of autopsy
may differ greatly from the time of the clinical presentation of dementia, as
the dementia disease duration may be over 10 years. By the time of autopsy
the persons may have developed other neuropathological lesions than at the
time of diagnosis.
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Fatty acids

As treatment options for dementia are still very limited, knowledge of
whether the risk of dementia can be reduced, for example by a healthy diet,
is extremely important. Approximately 34% of the energy in the Swedish
diet is from fat.

Omega-3 polyunsaturated fatty acids (n-3 FAs) contribute only to <1% of
the energy intake but have long been known to be important for neurodevel-
opment [53]. The main types of n-3 FAs in the diet are a-linoleic acid
(ALA), eicosapentaenoic acid (EPA), and docosahexaoeic acid (DHA). The
main sources of EPA and DHA are fish and other marine foods. ALA is
found in flaxseed oil as well as rapeseed and soybean oil.

Approximately 14% of the energy in Swedish diet is from saturated fat.
Palmitic acid and stearic acid are the most common saturated FAs. Exam-
ples of foods containing a high proportion of saturated FAs include animal
fats such as cream, cheese, butter, fatty meats and chocolate.

Cross sectional case-control studies

Impaired cognitive functioning has been associated with lower n-3 FA levels
in blood or plasma [54, 55]. Lower n-3 FA levels have also been reported in
patients with dementia and AD [56-58]. As dementia itself affects dietary
habits, a longitudinal prospective study design is more suitable for investi-
gating causal associations than cross-sectional epidemiological studies.

Longitudinal population studies using dietary
questionnaires

One way to estimate fatty acid composition is dietary intake registration. In
the Rotterdam and Framingham studies [59, 60], the n-3 FA consumption
was quantified using dietary questionnaires but no significant association
with dementia and AD later was found after approximately ten years of fol-
low-up. In contrast, in a stratified random sample of the Chicago Health and
Aging Project, both total intake of n-3 FAs and of DHA were associated with
reduced risk of AD four years later [61]. Most cohort studies have focused
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on fish consumption to estimate n-3 FA intake without considering other
dietary items. The food frequency questionnaires are known to underesti-
mate for example saturated FA intake [63]. Subjects may also alter their
usual diet during the recording period. Biomarkers measured directly in the
blood, such as serum esterified FAs, are more objective and probably more
accurate in evaluating the true dietary fat quality than e.g. food frequency
questionnaires [62].

Longitudinal population studies measuring levels of
fatty acids in serum/plasma

The characteristics of a set of previous longitudinal studies are illustrated in
Table 4. In the Framingham study [60], higher plasma phosphatidylcholine
(PC) DHA was associated with lower risk of dementia but not AD. In the
Three City Study [64], higher EPA but not DHA was associated with lower
risk of dementia. The Canadian Study of Health and Aging [65] did not find
significant associations. One short article from 1999 reported an association
between low DHA in the blood and AD in an unspecified population [66].

Neuropathology

Results from post-mortem studies on FAs in the brain are not conclusive.
Several studies examined DHA content in membrane phospholipids in the
frontal cortex or in the parahippocampal region. Some did find lower DHA
in AD patients compared to controls in specific areas [67, 68], others did not
[69-71].
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Other vascular risk factors

Hypertension

Hypertension is present if the blood pressure is persistently above 140/90
mmHg. The prevalence of hypertension increases with age. In the ULSAM
cohort, 20% of the participants had hypertension or anti-hypertensive treat-
ment at 50 years of age, compared to 32% at 70 and 51% at 83 years of age.
In a previous report from ULSAM, hypertension at 50 years of age was as-
sociated with low results on cognitive tests at 70 years of age [72].

Alzheimer’s disease

A recent meta-analysis identified 19 population studies that investigated the
association between blood pressure and incident AD [73]. A significant
harmful effect of hypertension or high systolic blood pressure was found for
example in the NEDICES study in Spain, the Kungsholmen project and the
North Karelia/ FINMONICA study. A protective effect of hypertension was
found in the Three City Study, the Cache County and the Ibadan Dementia
project. The summary estimates did not suggest a clear association between
blood pressure and AD.

Four of these previous studies measured baseline blood pressure at mid-
life. The Honolulu-Asia Aging study reported a J-shaped relation where
those with low (<110 mmHg) or high (>160 mmHg) blood pressure had an
increased risk of AD. In the North Karelia/ FINMONICA study individuals
with high (>160 mmHg) blood pressure had markedly increased AD risk
whereas this association was less apparent in the other two studies.

The data on hypertension in late life is not consistent, either. Hyperten-
sion or higher systolic blood pressure had a protective effect in 11 and harm-
ful effect in 6 populations but in most studies the results were not significant.

Vascular dementia

High blood pressure has long been known to be a powerful predictor of
stroke and cerebrovascular disease [74]. A recent meta-analysis strongly
supported the hypothesis that people with hypertension have a significantly
higher risk for developing vascular dementia [75]. The association between
hypertension and incident VAD was not significant in six longitudinal stud-
ies [76-81] but the summary estimate was significant (OR 1.6, p<0.0001). A
similar association between hypertension and the risk of prevalent VAD was
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found in four out of five cross-sectional studies [82-86]. Four additional
longitudinal studies [87-90] support the connection between hypertension
and VAD.

Obesity

Body mass index expressed in weight (kg) per height squared (m?, BMI) is
widely used as an indirect measure of adiposity in epidemiologic studies.
Overweight is usually defined as BMI 25-30 and obesity as BMI >30. In
ULSAM cohort, the mean BMI was 25.0 at 50 years of age, increasing to
26.3 at 70 and decreasing to 25.7 in the participants at 88 years of age.
Around 10% were obese, the highest percentage at 70 years of age.

A recent meta-analysis identified 15 populations that studied the associa-
tion between body mass index and incident AD and VAD [91] and data from
at least one population has been published since then [92].

Alzheimer’s disease
AD patients with no obvious deficit in food intake may still lose weight
and on average weigh >20% less than persons without dementia [93]. Adi-
posity may both influence or be influenced by brain structures and functions.
One study that measured BMI at midlife found an association between
underweight and increased risk of AD whereas two studies found an associa-
tion between midlife overweight and AD. In totally eleven studies at late
life, higher BMI was associated with increased risk of AD in two and de-
creased risk in six studies [92].

Vascular dementia

A recent twin study found an association between higher BMI at midlife and
the risk of incident VAD [92]. BMI in late life had no significant association
with VAD in four studies. High BMI is associated with elevated risk for
cardiovascular disease. However, obese and overweight patients had para-
doxically significantly better early and long-term survival rates after a stroke
compared to those with normal BMI in a recent study [94].

All-cause dementia

Obesity in midlife increased the risk of dementia in two of three studies. A J-
shaped relation has been observed, such that a BMI <20 and BMI >22.5
increase hospitalization for dementia [95]. The results concerning obesity in
late life and risk of dementia from seven different studies vary [92].
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Hypercholesterolemia

According to European guidelines from 2007, the desirable total serum cho-
lesterol is <5.0 mmol/l and LDL cholesterol <3.0 mmol/l and even lower in
patients with DM. In the ULSAM cohort, mean serum cholesterol was 6.9
mmol/l at 50 years of age, decreasing to 5.8 mmol/I at 70 and 5.2 mmol/l for
participants at 82 years of age. Cholesterol-lowering drugs were developed
in the late 1980s and their use is widespread, atorvastatin being the best-
selling drug in history.

Alzheimer’s disease, all-cause dementia

The relationships between total serum cholesterol, AD and dementia were
investigated in a meta-analysis (2008) of 9 prospective studies [96]. Midlife
serum total cholesterol was associated with an increased risk of AD in two
Finnish studies [97, 98] and in the Kaiser Permanente Medical Care Program
of Northern California, a large study based on medical records in 2009 [99].
No such association was found in the Framingham cohort [100] or in a re-
cent study of Swedish women in Gothenburg [101]. A decline in serum total
cholesterol levels was associated with the development of dementia and AD
in the Honolulu Aging study [102].

Findings regarding late-life measurements of cholesterol vary as well but
most of the studies did not find evidence supporting an association between
high late life total cholesterol and AD [81, 90, 103]. One study had contra-
dictory findings: high cholesterol in late life was associated with decreased
dementia risk [104].

Vascular dementia

High level of cholesterol, particularly LDL cholesterol, is a well-established
risk factor for developing coronary artery disease and stroke [74]. Midlife
serum total cholesterol was associated with an increased risk of VAD in The
Kaiser Permanente Medical Care Program of Northern California [99]. One
study found a weak association between late-life total cholesterol and VAD
[81]. The number of cases with VAD was low in studies showing no associa-
tion [98, 102].

Smoking

In the ULSAM cohort, 51% of the participants smoked at 50 years of age,
compared to 21% at 70 and only 6% at 82 years of age. These numbers illus-
trate the potential survival bias that complicates the study of all vascular risk
factors as predictors of dementia. Smokers are more likely to die before
reaching advanced age of for instance lung cancer or myocardial infarction.
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Furthermore, smokers in older cohorts may represent survival elite less
prone to developing dementia or other conditions.

Two independent meta-analyses on smoking in late life provided sum-
mary estimates showing that smokers had an increased risk of AD, VAD and
all-cause dementia compared to former and never smokers [105, 106]. Most
of the studies examined three smoking statuses: current, former and never
smokers but a few used pack years to determine lifetime tobacco exposure.

Alzheimer’s disease and all-cause dementia

In the Honolulu Asia Aging Study, the number of cigarettes smoked at mid-
life was associated with an increasing risk of AD and Alzheimer-type neuro-
pathology up to heavy smoking levels. Stratification by APOE genotype did
not change these associations [107]. In contrast, smoking was associated
with AD and dementia only in individuals with the APOEF €4 allele in a Fin-
nish population [108]. The same author found that only heavy smoking in
midlife was associated with AD and dementia in another population [109].
Five of eight studies on smoking at late life and AD reported a significantly
increased risk in two meta-analyses [105, 106].

Vascular dementia

Smoking is known to be a strong risk factor for stroke [74]. The well-known
effects on the cardiovascular system are mediated generally by oxidative
stress and inflammation leading to endothelial injury and atherosclerosis.
Two studies have reported an association between smoking and VAD [109,
110] but others did not find significant associations [107, 111, 112]. The
number of cases with VAD was generally low in all studies.
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Material and methods

Study population

This thesis is based on the ULSAM cohort. All men born in 1920-1924 liv-
ing in the county of Uppsala were invited to participate in a health examina-
tion at age 50. The survey was carried out between April 1970 and October
1973. Of the 2841 invited men, 2322 (82%) participated at the baseline in-
vestigation. The men were invited to follow-up examinations at age 60, age
71, age 77 and age 82, and the data has been completed with annual updates
on mortality using a national register.

In this thesis, baseline data from the investigations at age 50 and age 71
was used. All participants in the first investigation (at age 50) were invited to
a reinvestigation at age 71. During the intervening 20 years 422 men had
died and 219 had moved out of the Uppsala region. Of the 1681 men invited,
460 did not participate in this follow-up, leaving 1221 men aged around 71.
(participation rate 73%). The reinvestigation was carried out between August
1991 and May 1995.

Baseline examinations at age 50 (study I, III, IV)

A total of 1792 subjects were tested with an intravenous glucose tolerance
test (IVGTT). Postload blood glucose concentrations between 20 and 60
minutes were used for calculation of intravenous glucose tolerance. The peak
insulin response was expressed as the mean of the serum insulin concentra-
tions determined at four and six minutes. The acute insulin response (AIR)
was calculated as the difference between the peak and the basal value [113].

Glucose metabolism

Insulin resistance (IR) was estimated using the Homeostasis Model Assess-
ment (HOMA) and HOMA-IR index was calculated as fasting insulin x fast-
ing blood glucose/22.5 [114]. Diabetes mellitus was defined as fasting blood
glucose >6.1 mmol/l or use of pharmacological treatment for diabetes.
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Fatty acid composition

For analysis of the fatty acid composition of the serum cholesterol esters,
serum was extracted with a hexane-isopropanol solution (1+4) (Hara and
Radin 1978). Cholesterol esters were separated from the extract by thin layer
chromatography before inter-esterification (acidic methanol at 85°C, 2 h)
(Stoffel et al 1959), and free cholesterol liberated in the reaction was re-
moved by an aluminium oxide column to avoid contamination of the gas
liquid chromatography column. The percentage composition of methylated
fatty acids 14:0 to 22:6 was determined by gas chromatography (a 25 m NB-
351 silica capillary column, i.d. 0.32 mm, phase layer 0.20 mm) with use of
a flame ionisation detector and with helium as carrier gas. Every 25th sample
was a serum control pool. The precision of the between-series analysis
(n=35) varied from 2% (large peaks) to 10% (smaller peaks) and between
successive gas chromatography runs (n=17) from 0.2 to 5% (CV).

Vascular risk factors

Blood pressure was measured in the right arm after 10 minutes rest in the
recumbent position with mercury manometers. Height (without shoes) was
measured in cm and weight (in undershorts) in kg. Body mass index (BMI)
was calculated as weight divided by height (in metres) squared. Determina-
tions of serum cholesterol concentrations were performed on a Technicon
Auto Analyzer type II (Rush et al 1971) in 1981-82 on serum samples that
had been stored in liquid nitrogen since 1970-73. Smoking status (current
smoker or non-smoker) was assessed by interview questions.

Educational level
Educational level (elementary school, secondary school or university stud-
ies) was assessed by a questionnaire.

Baseline examinations at age 71 (study II, III)

Glucose metabolism

An oral glucose tolerance test (OGTT) was performed by measuring the
concentrations of plasma glucose and insulin fasting, 30 and 120 minutes
after ingestion of 75 g of anhydrous dextrose. The early insulin response
(EIR) was calculated as the ratio of the increments in plasma insulin and
plasma glucose during the first 30 minutes of the OGTT (5). The fasting
concentrations of insulin, proinsulin and 32-33 split proinsulin were ana-
lysed. Analyses were carried out at the Department of Clinical Biochemistry,
Addenbrooke’s Hospital, Cambridge, UK [113, 115, 116]. Insulin sensitivity
was determined using the euglycaemic insulin clamp. It was performed ac-
cording to De Fronzo et al with slight modification [18]. Insulin- mediated
glucose disposal rate, representing insulin sensitivity, was calculated as the
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amount of glucose taken up during the last 60 minutes of the clamp proce-
dure. The oral glucose tolerance test and the euglycaemic insulin clamp took
place on separate days within one week.

Diabetes mellitus was defined as a fasting plasma glucose >7.0 mmol/I or
the use of pharmacological treatment for diabetes.

Vascular risk factors

Blood pressure was measured twice in the right arm with the subject in the
supine position after resting for 10 minutes. The mean of the two values was
used. BMI was calculated as at age 50. Cholesterol concentration was ana-
lysed in serum and in the isolated lipoprotein fractions by enzymatic tech-
niques using IL Test Cholesterol Trinders's Method and IL Test Enzymatic-
colorimetric Method for use in a Monarch apparatus (Instrumentation Labo-
ratories, Lexington, USA). Smoking status (current smoker or non-smoker)
was assessed by interview questions.

APOE €
APOE €4 was genotyped by minisequencing in 860 of the baseline 71 par-
ticipants.

Follow-up and assessment of dementia

All available ULSAM participants’ medical records were reviewed with 31%
December 2005 as the censor date in studies [, I and IV. In study III, the
censor date was 1* January 2010. The outcome of interest was time to diag-
nosis of dementia. AD was diagnosed according to the NINCDS-ADRDA
and to the DSM-IV criteria [1, 2]. VAD was diagnosed according to the
ADDTC criteria [3]. Further, we identified other types of dementia:
AD+VAD, dementia with Parkinson’s disease, Lewy body dementia and
frontotemporal dementia. Cases of dementia without neuroimaging and
without sufficient clinical details in the medical records to set a specific de-
mentia subtype diagnosis were classified as unspecified dementia. Status
post stroke with major motor sequelae and/or aphasia precluding neuropsy-
chological testing and/or inferring a major impact on daily functions, stable
over time, was not classified as dementia.

Cognitive impairment was defined as evidence of significant and persis-
tent cognitive decline although not severe enough (or not sufficiently docu-
mented severity) to interfere with social function and activities of daily liv-
ing. All these cases, together with unspecified dementia, AD and VAD are
included in the group “any dementia or cognitive impairment” in studies I
and II. Instead of including cognitive impairment, all-cause dementia was
used as one endpoint in studies Il and IV.
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Statistical methods

Logarithmic transformation was performed to achieve normal distribution
for the non-normally distributed variables. The prognostic values for a one
standard deviation change in a continuous variable on the dementia inci-
dence were investigated using Cox proportional hazards. Proportional haz-
ards assumptions were confirmed by Schoenfeld’s tests or visually examin-
ing Nelson-Aalen curves. Non-linear relations were excluded by examining
incidence rates in quartiles of the independent variables. All analyses were
adjusted for age at entry and observations were censored at death, date of
migration out of Uppsala county, date of dementia diagnosis or at the censor
date. The statistical software package STATA 8.2 (Stata Corporation, Col-
lege Station, USA) was used in all analyses in studies I and II and STATA
11 in studies Il and I'V.

All analyses were performed as crude and adjusted for age, educational
level and other cardiovascular risk factors as potential confounders for de-
velopment of dementia. In the participants with data on APOE €4 genotype,
the associations for AD were stratified for APOE €4 status in secondary
analyses.

In studies I and II, the analyses were repeated in non-diabetic subjects to
avoid confounding in baseline measurements of diabetes or diabetes treat-
ment on observed associations. In study IV, a logistic regression analysis
was performed in the subgroup of participants still alive in 2006 to eliminate
the effect of competing risk by death. The potential competing risk problem
from mortality was further studied by the method of Fine and Gray [117] and
by cumulative incidence curves [118].
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Results

Study |

A total of 394 persons developed dementia or cognitive impairment of whom
102 had pure AD and 57 pure VAD during a median follow-up period of 32
years (from 50 years of age until 31* December 2005).

Prediction of Alzheimer’s disease

In crude Cox proportional hazard analyses, low AIR was associated with a
higher risk of AD and the association remained significant even after ad-
justment for systolic blood pressure, serum cholesterol, BMI and education
level.

A cumulative AD incidence in groups with AIR below and above the me-
dian is presented in Figure 1. Low AIR was associated with higher risk of
AD even after adjusting for fasting serum insulin or HOMA-IR, indicating
that impaired AIR is a predictor for AD, independently of insulin sensitivity.
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Figure 1. Cumulative incidence of AD in groups with acute insulin response below
and above the median.
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APOE &4 allele carriers had an increased risk for developing AD compared
to non-carriers [HR 2.6 (95%CI 1.6-4.2)]. There was an interaction between
AIR and APOE €4 status (p= 0.002). The association between AIR and AD
was significant only in subjects without APOE €4. In subjects with APOE ¢4,
however, high fasting serum insulin and HOMA-IR were associated with
increased risk of AD.

Prediction of vascular dementia

APOE €4 genotype did not affect the risk of VAD. A low glucose disappear-
ance rate was associated with a higher risk of VAD but not for AD. HOMA-
IR was significantly associated with higher risk of VAD in the non-diabetic
subsample.

Prediction of any dementia or cognitive impairment

APOE €4 carriers had an increased risk for developing any dementia or cog-
nitive impairment compared to APOE &4 non-carriers [HR 1.8 (95%CI 1.4-
2.4)]. High fasting serum insulin and HOMA-IR, glucose intolerance and
low AIR were all associated with a higher risk of all-cause dementia and
cognitive impairment in non-diabetic subjects. However, only low AIR re-
mained as a significant risk factor in the multiple adjusted models.

Study II

A total of 257 persons developed dementia or cognitive impairment, of
whom 81 had AD and 26 VAD during a median 12-years follow-up period
(from 71 years of age until 31* December 2005).

Prediction of Alzheimer’s disease

Low EIR was associated with a higher risk of AD in Cox proportional haz-
ard analyses. Adjustment for age, diabetes, systolic blood pressure, serum
cholesterol, body mass index, smoking status and education level reinforced
this association. We examined the AD incidence rate in quartiles of EIR and
no obvious deviation from linearity was observed. The lowest risk was ob-
served in the highest quartile of EIR. A cumulative incidence of AD in
groups with EIR below and above the median is presented in Figure 2. High
EIR was significantly associated with lower risk of AD also after adjusting
for insulin sensitivity [HR for 1 SD decrease 1.3 (95%CI 1.0-1.6)]. The
crude association between impaired insulin secretion and AD was somewhat
stronger in the subsample free from diabetes than in the whole cohort [HR
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1.4 (95%CI 1.1-1.8), unadjusted]. Insulin sensitivity measured with the eu-
glycaemic insulin clamp was not associated with the development of AD.
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Figure 2. Cumulative incidence of AD in groups with early insulin response below
and above the median.

The presence of the APOE €4 allele increased the risk of developing AD
[HR 2.4 (95%CI 1.5-3.9)]. We found a strong association between impaired
EIR and the development of AD in APOE &4 non-carriers [HR 1.63 (1.08-
2.55) p=0.02] in the subsample free from diabetes. The association was
weaker and no longer significant in APOE &4 carriers [HR 1.18 (0.79-1.76)].

Prediction of vascular dementia

Low insulin sensitivity was associated with a higher risk of VAD. This asso-
ciation did not remain significant in the multivariable adjusted model. Nei-
ther low EIR nor APOE e4-genotype was associated with the risk of VAD.

Prediction of any dementia or cognitive impairment

Low EIR, high fasting plasma glucose, 2-h plasma glucose at the OGTT and
DM were all significantly associated with a higher risk of the composite
outcome of any dementia and cognitive impairment. DM was a strong risk
factor contributing to an elevated risk of 63% in the unadjusted model.
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Study 11

A total of 349 persons developed all-cause dementia of whom 127 had pure
AD and 81 VAD during a maximum 40-years follow-up period (from 50
years of age until 1* January 2010. Other dementias included mixed demen-
tia (n=17), frontotemporal dementia (n=6), Parkinson’s disease dementia or
Lewy body dementia (n=18) and unspecified dementia (n=100). Forty-four
persons suffered from a stroke with sequelac where the application of de-
mentia criteria was not possible. A quarter of the study participants (551 out
of 2268) were still alive in 2010.

Midlife risk factors for dementia

In Cox proportional hazards analyses, midlife vascular risk factors did not
increase the risk of pure AD. Vascular risk factors (fasting glucose, systolic
blood pressure, BMI, cholesterol and smoking) were associated in a dose-
dependent manner with VAD (p for trend <0.001) and all-cause dementia (p
for trend 0.002). High midlife systolic blood pressure and smoking modestly
increased the risk of VAD and all-cause dementia.

Late-life risk factors for dementia

Vascular risk factors at 71 years of age did not affect the future risk of pure
AD but a dose-dependent increase of the risk of vascular dementia was ob-
vious in spite of a limited number of cases (p for trend 0.01). Inclusion of
persons with status post stroke with sequelae to the vascular dementia group
further strengthened the associations. High systolic blood pressure and fast-
ing plasma glucose significantly increased the risk of all-cause dementia.
When the incidence rates were examined in quartiles, a tendency to a non-
linear J-shaped association was found for BMI as the second quartile, (BMI
23-25) had the lowest hazard ratio for dementia [HR 0.9 (95% CI 0.6-1.4)]
and the fourth quartile (BMI >27) the highest [HR 1.5 (95% CI 1.1-2.3)].

In the subgroup with APOE €4 status information, HRs for APOE €4 car-
riers compared to APOE €4 non-carriers was 2.6 (95%CI 1.7-3.9) for AD,
1.7 (95%CI 0.9-3.3) for vascular dementia and 2.3 (95%CI 1.7-3.0) for all-
cause dementia. There was a clear additive effect of multiple vascular risk
factors on all-cause dementia in APOE €4 non-carriers. APOE g4 carriers
without any of the vascular risk factors had a similar risk of developing de-
mentia as APOFE €4 non-carriers with several risk factors (Figure 3). Smok-
ers without the APOE €4 allele had a tendency to an increased risk of demen-
tia which was not observed among smokers carrying the allele in spite of
similar mortality rates.
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Figure 3. The number of vascular risk factors (0, 1, 2 or 3-5) at age 71 and inci-
dence rate of all-type dementia in APOE €4 non-carriers and APOE &4 carriers.
Lines indicate 95% confidence intervals.

Study IV

The proportions of fatty acids in serum cholesteryl esters were estimated in
2009 participants at baseline. A total of 213 participants developed all-cause
dementia out of which 91 were pure AD during a maximum 35-year follow-
up period (from 50 years of age until 31* December 2005).

Prediction of Alzheimer’s disease

Subjects with incident AD had lower baseline myristic (14:0), palmitic
(16:0), stearic (18:0) and oleic (18:1) acids proportions as well as a higher
proportion of linoleic acid (18:2n-6), than those who did not develop demen-
tia. Even among the cohort survivors in 2006, subjects with AD had lower
myristic and palmitic acid than the non-demented subjects. There were no
differences in the serum proportions of baseline n-3 FAs between the sub-
jects with incident AD and dementia-free subjects in the cohort.

In Cox proportional hazards analysis, higher proportions of saturated FAs
were associated with a decreased risk of AD. A similar tendency was ob-
served for higher oleic acid and lower linoleic acid proportions. The risk of
AD in quartiles of palmitic acid is presented in Figure 4. Consideration of
age, educational level, body mass index, smoking, hypertension, diabetes
and hyperlipidemia as potential confounders only marginally altered the

39



hazard ratios. In Cox proportional hazards analyses, the serum proportions of
n-3 FAs were not associated with AD.
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Figure 4. Incidence rates of AD by quartiles of palmitic acid (16:0) proportions.
Lines indicate 95% confidence intervals.

In the subgroup of survivors up to the age of approximately 85 years, the
results from logistic regression analysis were similar to Cox proportional
hazards analysis above, regardless of whether the subjects with other demen-
tias than AD and stroke with cognitive sequelae were excluded. The compet-
ing risk regression analysis according to Fine and Gray gave a similar profile
[palmitic acid, HR for 1SD increase 0.7 (95% CI 0.6-0.8)]. In further com-
peting risk analyses, the closeness of the cumulative incidence curves for
AD and the Kaplan-Meier failure curve and the fact that the curves behaved
similarly when divided by the median of individual FAs indicated that an
approximation to Cox regression did not introduce major bias.

Prediction of vascular dementia

A total of 79 men had developed VAD or significant cognitive impairment
after a stroke. There were no significant associations between serum FAs
and this group. There was a tendency to an FA pattern which was different
from that of AD: HR 1.2 (95% CI 0.9-1.4) for palmitic acid, HR 0.9 (95%
CI10.7-1.1) for linoleic acid.
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Prediction of all-cause dementia

No significant associations between FA proportions and all-cause dementia
were found: HR 1.0 (95% CI 0.8-1.1) for palmitic acid, HR 0.9 (95% CI 0.8-
1.1) for linoleic acid and HR 1.0 (95% CI 0.9-1.2) for DHA.

In a separate analysis comparing APOE €4 carriers (n=287) and APOE €4
non-carriers (n=632), no significant differences were found between groups
in the associations between serum proportions of FAs and either AD or all-
cause dementia.
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Discussion

Strengths and weaknesses

ULSAM is a large population-based cohort from the same age group with
long follow-up and a careful classification of the dementia subtypes. The
detailed baseline characterization of glucose metabolism, insulin secretion as
well as serum FA composition at midlife is unique. To our knowledge, the
ULSAM cohort is the largest population that has been examined with the
euglycaemic insulin clamp method, the criterion standard for measurement
of insulin sensitivity.

Insulin secretion was measured with two different methods, IVGTT and
OGTT at two different occasions. An association between impaired EIR and
AD both in study I and II suggests that this risk marker is stable at both mid-
dle and higher age. The associations between impaired EIR and dementia
were stronger in men without diabetes, eliminating the possibility that the
diabetic state or its treatment at baseline influenced our results. However, the
participants may have developed diabetes and received treatment later during
the follow-up.

The risk of dementia associated with smoking, obesity and high blood
pressure is suggested to vary substantially with age [119-121]. Only a few
other studies have had the possibility to study vascular risk factors in the
same population both in midlife and late-life like in study III. Midlife serum
FAs have previously been studied in relation to cognitive decline but not to
dementia like in study I'V. The competing risks were considered by different
methods.

The ULSAM participants might have been healthier at baseline than those
who did not participate. The participants were also likely to be treated more
efficiently than the average population at that time [122]. At 71 years 35% of
the participants were on medication for hypertension, 9% for hypercholes-
terolemia and 6% for diabetes. This could partly explain why the effect of
vascular risk factors on cognition in the ULSAM study was somewhat
weaker than in previous studies on average [123]. Any treatment effects on
diabetes, hypertension, hypercholesterolemia, weight loss and smoking ces-
sation after baseline were beyond the scope of this study.

APOE information in ULSAM was available only in a subgroup, all of
them participants at age 71 limiting the power of these sub-analyses. Women
have an increased risk of developing AD [124]. ULSAM as a very homoge-
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neous sample representing men, standardized for age, limits the possibility
of generalising the results to women or other age and ethnic groups. On the
other hand, there is no confounding by these factors. Population studies are
always carried out on a selected population, usually from one country and
cultural group. It is not certain that these results can be generalised even to
50- and 71-year old men living presently in Uppsala as the risk factors may
be different for a new generation.

Assessment of dementia

There is an absence of highly reliable consensus-based diagnostic criteria for
cognitive impairment, AD and VAD. The available criteria have not been
uniformly applied in previous studies and the methodology of dementia as-
sessment varied greatly in the studies reviewed in this thesis.

All ULSAM nparticipants were invited to cognitive testing at age ap-
proximately 72, 77 and 82 years. The responder rates were 50-80%. Testing
at ages 70 and 77 included the MMSE and the Trail Making tests A and B.
The tests used at age 82 were the MMSE and the 7-Minute Screening Test
including clock drawing, enhanced cued recall, verbal fluency and temporal
orientation [125]. The diagnoses were not based on these test results but
participants with low performance were referred to the Uppsala Geriatric
Memory Clinic for a follow-up, even though not all of them responded to
this. Some previous studies based the dementia diagnosis on the medical
records only and some used different types of standardised telephone inter-
views. In most of the studies, there was an initial screening across the whole
population followed by a more detailed work-up in patients suspected of
cognitive impairment.

Persons who develop cognitive impairment are less likely to attend fol-
low-up examinations [126]. Therefore, an active screening is not enough to
obtain complete follow-up of the population at risk. This is a limitation of
many previous longitudinal studies on predictors of dementia. In this study,
all ULSAM participants’ medical records available were reviewed, first with
31st December 2005 as the censor date. Later, the review was extended to 1%
January 2010. A similar strategy was used in the Rotterdam study where
general practitioners and mental health care institutes cooperated in the
study. Of subjects who could not be re-examined in person (due to death or
refusal) medical files were studied.

In this study, the standardised review covered all in- and out-patient clin-
ics including the Uppsala Geriatric Memory Clinic where persons may di-
rectly consult for memory problems, all hospitalisations at the Uppsala Uni-
versity Hospital including the Geropsychiatric Department and all primary
care facilities, including community nursing homes and dementia group
homes. Practically all medical care for the participants was provided in these
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settings. The original diagnostic work-up of subjects with specific dementia
subtype classification included a detailed medical history, relevant cognitive
testing, physical examination, laboratory tests and in most cases neuroimag-
ing to rule out other systemic or brain diseases that might account for the
deficits. However, there is always a possibility that some participants with
cognitive impairment did not seek medical care or help from the community.
Further, to make a specific dementia subtype diagnosis can be difficult in a
clinical situation [127]. Even in autopsy studies, various combinations of
mixed pathologies are often seen and these do not always correlate with the
clinical picture.

Brain imaging was obtained from all participants in few previous studies
whereas in some studies imaging was added if needed on clinical grounds or
was not performed at all. In ULSAM, brain imaging was performed when
needed on clinical grounds in 89/102 (87%) of the AD cases, in 50/57 (88%)
of the VAD cases and in 299/394 (76%) of all cases with any cognitive im-
pairment.

In ULSAM, we aimed to make as strict diagnostic work-up as possible
and this resulted in a number of diagnoses with unspecified dementia. The
group “any dementia or cognitive impairment” was very heterogeneous in
studies I and II. That is why we decided to use all-cause dementia (excluding
mild cognitive impairment) as the endpoint in studies III and I'V.

To standardise the possible differences between the original work-ups the
records of all possible cases of dementia and cognitive impairment were
reviewed by two experienced geriatricians, independently of each other and
blinded to the baseline data. In case of disagreement, a third experienced
geriatrician reviewed the case and the diagnosis was determined by majority
decision. In most previous studies the diagnosis of dementia was also estab-
lished by a consensus committee.

Epidemiological aspects

Study design
As dementia in itself affects lifestyle and dietary habits, conclusions on inci-
dence rates or risks are difficult to make in a cross-sectional study. In case-
control studies on dementia, one problem is to define controls. For instance,
the persons with dementia could have more vascular risk factors due to a
sedentary lifestyle than healthy persons of the same age. However, compared
with all individuals born at the same time, we could find out that the persons
with dementia actually lived longer and had less vascular risk factors than
many others. This is important as we aim to find treatable factors that could
postpone the disease.

Given the high incidence of dementia in persons over 80 years, the Cox
regression analysis was preferred instead of logistic regression. In these
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analyses, the length of time to reach the endpoint is of primary importance,
rather than whether or not the subject reaches the endpoint. Furthermore, the
non-demented subjects will be censored at the time of death. Our major out-
come measure was time to dementia diagnosis. However, the date of diagno-
sis will always be an approximation because AD has an insidious course and
because people seek medical care and get a diagnosis at different stages of
the disease.

We do not know if the persons who moved away from the county of Upp-
sala would eventually have developed dementia later or if those who died
during the follow-up would have developed dementia if they had not died of
another cause. However, these persons were not known to have developed
dementia before their censor date and this time is incorporated in the Cox
proportional hazards regression model which was used in the survival analy-
sis. Other methods which do not consider censored data could give mislead-
ing results.

As in any epidemiological study, our results are observational without ab-
solute knowledge of causality. For instance, it is theoretically possible that
those men with impaired insulin secretion already had genetic or other fac-
tors increasing the susceptibility to later dementia development, i.e. they
were in an early preclinical phase of the disease (reverse causation).

We stated a priori that a complete description of our material regarding
glucose and insulin metabolism, FAs and other vascular risk factors was
important. Multiple independent analyses increase the risk of false positive
results. For insulin secretion, however, two different baselines, 50 and 71
respectively, and two different methods, IVGTT and OGTT respectively,
showed congruent results increasing the reliability.

Confounding, misclassification, publication bias

A confounder is associated with the exposure and has an effect on the out-
come but it is not on the causal pathway of interest. The significance of indi-
vidual vascular risk factors is difficult to interpret without adjustments for
possible confounders. There is no consensus on the variables that should be
considered in epidemiological studies on dementia. In our studies, we pre-
sent the results crude and in multi-adjusted models. We adjusted for age and
educational level in all four studies and also for different vascular risk fac-
tors in studies I, II and IV. However, we did not consider several other pos-
sible confounders, such as marital status, income level, occupation, alcohol
consumption, depression, physical and cognitive activity.

Assigning a dementia diagnosis is both crucial and subtle in any clinical
epidemiological study. The difficulty in the assessment of dementia diagno-
ses is discussed in the previous chapter.

It has been found that statistically significant results are three times more
likely to be published than a null result. The field of dementia epidemiology
research is also likely to suffer from this phenomenon called publication
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bias. As a result, the meta-analyses on modifiable dementia risk factors may
overestimate the true association. It is important that even negative results
are published as in studies III and I'V.

Competing risk

The population at risk will be transformed into a population of survivors due
to the occurrence of any disease causing death over time. This phenomenon,
known as competing risk, may lead to spurious associations if not taken into
account, especially in studies where the outcome of interest generally occurs
at old age. Due to competing risk, it may seem that a strong risk factor for
death, such as smoking or atherosclerosis-associated fatty acid composition,
protects from dementia [128].

In ULSAM, the FA composition characterised by high levels of
palmitoleic and oleic acids and low intake of linoleic acid is previously
shown to be associated with mortality [129] and stroke [130], thus compet-
ing with AD as an outcome. In study IV, higher levels of saturated serum
fatty acids were unexpectedly associated with a lower risk of AD. Therefore,
we sought to further investigate the effect of competing risk by death. Cumu-
lative incidence curves suggested that approximation to the Cox model was
reasonable. Furthermore, associations in a subgroup consisting of 85-year-
old survivors were nearly identical to those in the total group, something
telling against competing risk being the only explanation for our findings.
Similar conclusions were drawn when competing risk from mortality was
taken into account by the method of Fine and Gray. The methodology of
calculating the risk of developing diseases in geriatric populations is con-
tinuously investigated and new models are introduced [131].

Possible connections

As our study is an epidemiological study, we can only speculate on the pos-
sible mechanisms behind associations between insulin secretion, serum fatty
acids, hypertension, obesity, cholesterol, smoking and AD. A selection of
interesting results from preclinical studies is presented in this chapter.

Insulin and the brain
AD and type 2 DM are both frequent disorders in the elderly. Impaired insu-
lin signalling may affect neuronal repair mechanisms, energy metabolism,
and glucose utilisation. Misfolding of proteins, aggregation of amyloid pep-
tides and hyperphosphorylated proteins are present in both diseases. [132]
Insulin receptors and insulin-signalling proteins are widely distributed
throughout the central nervous system, especially in the cerebral cortex and
hippocampus. These control metabolism and brain function and associated
disturbances might be of both genetic and environmental origin. There are
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multiple isoforms of insulin-signalling proteins that may lead to more than
1800 potential combinations of signalling pathways [133]. Consequently, it
is difficult to judge the importance of one single protein which is often the
focus in mechanistic studies.

In AD, there is an accumulation of AP in the brain. In DM, islet amyloid
polypeptide (IAPP) deposits are found in pancreatic beta-cells. IAPP and AP
have a 90% structural similarity which suggests similar physiological roles
[134]. The IAPP has toxic effects and its formation and progression may be
concomitant with worsening beta-cell function in diabetes [135]. In AD, AB
have toxic effects. [136].

The role of insulin in the pathophysiology of AD has been extensively
studied by a group led by Dr. Suzanne Craft. Interestingly, there seems to be
a connection between insulin and AP. Soluble A oligomers bind to neurons,
triggering oxidative stress and downregulation of plasma membrane insulin
receptors. This leads to synapse deterioration which can be prevented by
insulin and insulin sensitising drugs in cultures of hippocampal neurons
[137]. In another report, insulin infusion reduced plasma AB-levels in nor-
mal adults but increased AP levels in AD patients [138]. According to one
interesting study, intranasal insulin treatment for 21 days in patients with AD
and amnestic mild cognitive impairment improved cognition and increased
plasma Ap40/42 ratio [139].

Chronic hyperinsulinemia appears to stimulate AP secretion and inhibit
the extracellular degradation by competing with insulin-degrading enzyme
IDE [140]. IDE cleaves both AB and insulin. IDE deficient mouse models
resulted in >50% decreased AP degradation in the brain and insulin degrada-
tion in the liver [141]. The IDE expression was reduced in the hippocampus
of AD patients [142]. IDE was also genetically associated with AD in a Fin-
nish population [143] and in Swedish and UK case-control series [144] .

There are no representative animal models for the sporadic type of AD,
i.e. AD not linked to a specific gene. Streptozotocin selectively destroys the
insulin producing pancreatic beta-cells and is used to induce diabetes-like
symptoms in animals. Interestingly, when streptozotocin is injected directly
into the brain, it impairs brain glucose and energy metabolism, decreases
acetylcholine levels in the hippocampus and induces impaired learning and
memory. The animal develops AD-typical brain lesions and exhibits neu-
rodegeneration [145].

The activation of insulin receptors may not only affect AP but also trigger
tau-phosphorylation. This involves glycogen synthase kinase-3 (GSK-3)
activation. Overactivity of GSK-3 could not only mediate the hyperphos-
phorylation of tau protein but also increase the production of AP and in-
flammation [146]. Another molecular mediator that could link diabetes and
AD is proline-directed serine-threonine protein cyclin dependent kinase 5
(cdk5). Overactivation of cdk5 triggers progressive neurodegeneration and
neurofibrillary tangle formation in mice [147]. CdkS5 plays a role in the loss
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of beta-cell function in type 2 DM [148]. In a genome-wide association
study, a variant in cdk5 influenced specifically insulin response [149]. Novel
drugs that reduce Cdk5 activity or inhibit GSK-3 are possible targets in fu-
ture therapies [150]. For example, leptin inhibits GSK-3 and reduces ex-
tracellular AP intracellular tau phosphorylation [151].

Insulin signalling plays a role in synaptic plasticity. Insulin and insulin
receptor density decrease with aging [152] and in AD compared to controls
of the same age [153]. The insulin receptors are desensitised in DM but also
in the brain of AD patients. AD-type neurodegeneration can be produced
experimentally by selectively impairing insulin/ insulin growth like factor
function together with increasing oxidative stress [145].

The ageing brain can be damaged by toxic effects of hyperglycaemia,
such as accumulation of advanced glycation end products (AGEs), oxidative
stress and microangiopathy. AGEs are a heterogenous group of molecules
that accumulate in various tissues during normal ageing and at an accelerated
rate in DM as well as in AD [154]. AGEs exist in senile plaques and neu-
rofibrillary tangles [155]. In diabetes, AGEs contribute to the common com-
plications retinopathy, nephropathy and neuropathy. Serum or CSF levels of
AGEs have been suggested to be potential biomarkers for early detection of
AD [156].

Dietary fat quality

FA composition of plasma cholesterol esters (measured in ULSAM) reflects
the dietary fat quality during the past 7-14 days [157]. FA composition in
erythrocyte membranes or in adipose tissue mirrors the diet during past
months and years. It is unknown how FA biomarkers reflect the FA uptake
in the brain in humans. The uptake of different lipid classes varies as well
[158].

Studies on animal models and cell cultures have shown that n-3 FAs are
neuroprotective during development and ageing. In animal studies, the com-
position of fatty acids in the neuronal membranes reflects the diet [159].
Omega-3 FAs serve as energy substrates and major components of cell
membranes. They may also have antioxidant and anti-inflammatory proper-
ties. DHA is a primary component of membrane phospholipids in the brain.
The brain’s need of n-3 FAs is predominantly met by the blood delivery due
to the limited synthesis in the brain. DHA is also synthesised endogenously
through a process of desaturation and elongation of its precursor n-3 fatty
acids; ALA and EPA [160]. The ordinary Swedish diet contains in most
cases a sufficient amount of n-3 FAs for the brain’s need. Consequently,
ULSAM participants were not likely to have a marked n-3 FA deficiency.
This might explain the lack of association between n-3 FAs and AD in study
IV.

Unexpectedly, the subjects with higher proportions of saturated fatty ac-
ids had lower AD risk in study I'V. The finding is the opposite of experimen-
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tal animal studies where chronic ingestion of saturated fats increased AP and
resulted in blood-brain-barrier dysfunction [161]. Alterations of FA compo-
sition and FA-binding proteins may alter membrane fluidity and signal
transduction, and consequently be involved in neuronal dysfunction in AD.
Neuronal membranes with a larger proportion of saturated fatty acids may
hypothetically be more rigid and thus possibly less accessible for gamma-
secterase cleavage which is required to produce AB [162].

APOE €4 status could modulate neuronal plasticity by a receptor-
mediated uptake of lipids [163]. Some studies have found n-3 FAs to have a
protective effect on cognition only in APOE &4 non-carriers [55, 164]. In our
population, no significant differences were detected which, however, may be
due to the smaller sample sizes limiting the power.

Hypertension

The mechanistic evidence on the possible association between high blood
pressure and AD pathology is limited. Uncontrolled hypertension predicted
the level of neuritic plaques and neurofibrillary tangles in the Honolulu Asia
Aging Study [165]. In AD transgenic mice, the regulation of cerebral blood
flow is impaired and episodes of hypotension or hypertension may result in
fluctuations in cerebral blood flow that may contribute to neuronal dysfunc-
tion. Cerebral ischemia may alter amyloid processing or clearance in the
brain according to animal studies [73].

Obesity

Adipose tissue secretes several hormones such as leptin which have been
shown to reduce the extracellular AP load and tau phosphorylation in neu-
ronal cells in animal models. Leptin was associated with a reduced incidence
of AD in the Framingham cohort [166]. Leptin expression is lower in vis-
ceral fat than subcutaneous fat [167]. Waist-hip ratio might display the
metabolic condition in overweight better than BMI as abdominal obesity and
visceral fat are more correlated with vascular risk [168]. One recent study
found that central obesity, but not BMI, was related to a higher risk of AD
[169]. Other potential mechanisms also include inflammation as adipose
tissue also secretes inflammatory cytokines.

Cholesterol

Cholesterol might theoretically increase the activity of the B- or y-secretase
cleavages that generate AP from APP. The application of cholesterol-
lowering drugs to APP overexpressing human embryonic cells has also been
shown to decrease B-cleavage. Once AP has been produced, the cholesterol
level could influence its aggregation state. On the other hand, cholesterol
depletion has adverse effects on dendrite growth and axonal branching [170].
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Smoking

The mechanism through which smoking would increase the risk of AD is not
known but may include oxidative stress and inflammation. Neuroimaging
studies suggest that smoking may accelerate cerebral atrophy and cerebral
white matter lesions. Importantly, quitting smoking may reverse this devel-
opment [171]. In contrast, nicotine may also stimulate cholinergic pathways
in the brain aiding learning and memory [172].

Aggregation of vascular risk factors

The aggregation of vascular risk factors may have a greater impact on the
development of dementia than the individual factors per se [30, 173]. The
different vascular risk factors may act in synergistic or additive manners in
the development of cognitive disease as they do in vascular disease. In clini-
cal practice, a cluster of cardiovascular risk factors in the same patient is the
rule, rather than the exception. The metabolic syndrome is a condition char-
acterised by abdominal obesity, elevated blood pressure, hyperglycemia and
dyslipidemia. It has different definitions and is also known as insulin resis-
tance syndrome. The metabolic syndrome has been associated with AD in
cross-sectional studies [174, 175]. In the Honolulu Aging Study, metabolic
syndrome (calculated from seven factors representing the syndrome) at mid-
life was, however, associated with VAD, but not with AD [176]. Similarly,
metabolic syndrome increased the risk of VAD in the Italian Longitudinal
Study on Ageing [177]. In contrast, the metabolic syndrome was not associ-
ated with an increased dementia risk in the multiethnic Washington Heights-
Inwood Columbia aging project cohort [178].

APOE

The APOE €4 allele is the most important genetic risk factor for sporadic
late-onset AD. It might act like a pathological chaperone, providing a suit-
able structure for A monomers and oligomers to stick to. APOE &4 carriers
have lower AP concentrations in cerebrospinal fluid and greater burden of
amyloid plaques than non-carriers in neuropathological studies.

However, atypical early-onset AD patients seldom carry the APOE €4 al-
lele. They are probably predisposed to brain vulnerability by a different
mechanism [179]. In ULSAM, the association between impaired early insu-
lin response and AD was stronger in APOE €4 non-carriers as well as the
association between vascular risk factors and dementia. Similarly, many
other studies have found different risk patterns in populations depending on
the APOE €4 genotype. APOE &4 classification could be useful in the devel-
opment of therapeutic interventions.
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Intervention studies

While waiting for the novel treatments directly targeting AP and tau pathol-
ogy, large-scale randomised controlled trials are needed to test other disease-
modifying strategies to maintain cognitive function in individuals at risk for
decline and to identify factors that may delay the onset and progression of
AD.

The effect of glucose lowering on cognitive function was recently deter-
mined by the ACCORD-MIND trial [180]. The intensive-treatment group
with HbA1C less than 6.0 had a greater mean total brain volume but the
cognitive outcomes were not different from the control group. The interven-
tion occurred too late in the course of diabetes to have any effect on early
insulin response. Moreover, there was an increased mortality in the treatment
group!

The double-blind, placebo-controlled Systolic Hypertension in Europe
(Syst-Eur) trial investigated the effect of long-term antihypertensive therapy
on 3902 patients with baseline systolic blood pressure between 160 and 219
mmHg. The treatment group had a 55% reduced risk of dementia during
following 2-4 years [181]. This study was interrupted due to increased mor-
tality in the placebo group. In the Study on COgnition and Prognosis in the
Elderly (SCOPE), effective antihypertensive therapy reduced cognitive de-
cline incidence in patients with systolic blood pressure between 166 and 179
and slightly impaired cognitive function [182].

A suggested association between cholesterol and dementia has led to the
anticipation that lipid-lowering drugs, statins, could prove useful in treating
or preventing AD. The permeability of statins across the blood-brain barrier
is disputed. A randomised controlled trial from 2010, the LEADe study
evaluated the efficacy of atorvastatin in patients with mild to moderate AD.
Treatment for 18 months was not associated with significant clinical benefit
[183]. Other randomised controlled trials have also failed to show an effect
of cholesterol lowering on cognition [184, 185].

More than ten clinical trials have examined the effect of DHA supplemen-
tation, alone or together with other n-3 FAs, on cognition during 3-12
months. The study subjects have been healthy elderly, nursing home resi-
dents, patients with mild cognitive impairment or patients with AD. In two
studies, improvement in cognitive tests was noticed after DHA supplementa-
tion in subjects with mild cognitive impairment [186, 187] and healthy sub-
jects [188]. However, several studies with healthy subjects [189, 190] or AD
patients [186, 191-193] did not find an effect, except for one study in demen-
tia nursing home residents in Japan from 2001 [194]. A recent large placebo-
controlled double-blind intervention study (n=2911) showed no effect of
dietary doses of n-3 fatty acids on global cognitive decline in coronary heart
disease patients [195].
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Prolonged randomised clinical trials on all vascular risk factors and un-
healthy behaviours, i.e. smoking are complex to perform. In addition to the
ethical issues of randomising persons to such interventions, a randomised
clinical trial testing this relationship is infeasible because of the long follow-
up period and large sample size required. In an observational longitudinal
cohort study, the health behaviours of the participants might be more close to
people in the general population compared with the greater selection bias
and artificial behaviours often induced by the conduct of randomised inter-
vention trials. However, a recent paper declared that a 10-25% reduction in
seven risk factors (diabetes, midlife hypertension, midlife obesity, smoking,
depression, cognitive inactivity or low educational attainment, and physical
inactivity) could potentially prevent as many as 1.1-3.0 million AD cases
worldwide [196]!

Consequently, some ongoing projects will have a try. In Holland, a large
randomised trial called PreDIVA recruits 3700 elderly subjects for a 6-year
follow-up. The aim is to assess whether nurse-led intervention including
intensive treatment of hypertension, hypercholesterolemia, diabetes and re-
ducing overweight, smoking cessation, and stimulating physical exercise in
primary care decreases the incidence of dementia and reduces disability
[197]. The Finnish FINGER study for prevention of dementia and memory
disorders will involve about 1,200 participants who will be assigned to in-
tensive counselling (exercise, nutritional guidance, cognitive training and
reduction of vascular risk factors) and standard health counselling groups.
An intensive counselling intervention and detailed monitoring and reduction
of cardiovascular disease risks is expected to reduce memory loss markedly
and delay the onset of dementia.

Future

An enormous worldwide scientific effort is currently being made to find
diagnostic tools and novel treatments for preclinical AD that reverse the
process starting with toxic B-amyloid species leading to neuronal death.
Even if this work will be successful, other pathologies than AD still lead to
dementia in the population. In this future scenario, the impact of possible
modifiable risk factors for dementia might be completely different. As there
are no representative animal models for late onset sporadic AD, clinical hu-
man research is obligatory.

To be able to detect AD in the preclinical stage is a prerequisite for many
possible future treatments. The newly suggested National Institute on Aging
and the Alzheimer's Association workgroup (NIA-AA) criteria for preclini-
cal AD are based on biomarkers of brain amyloidosis and neuronal injury
that are detected in cerebrospinal fluid or with advanced neuroimaging for
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earlier and more precise diagnosis. However, these criteria are at present for
purposes of research only, and need further validation [198].

ULSAM

The ULSAM cohort has collected plenty of observations and data for further
research on dementia risk factors, for example variables from examinations
of atherosclerosis by carotid ultrasound, physical activity and condition,
muscle strength, nutrition, and life quality. Studies on neuropathology and
cerebrospinal fluid markers are ongoing. The modern proteomics and me-
tabolomics methods may reveal new interactions between genetic and envi-
ronmental risk factors for dementia. The latest investigation of the ULSAM
men at 88 years of age was completed in December 2009 and focused on
predictors for successful ageing.

Ethical aspects on successful ageing

The aim of future intervention strategies is to increase the chance of retain-
ing a highly functional brain in late life. It is likely that this also promotes a
longer life. As age is the strongest risk factor for dementia, the result may as
well be an increase in dementia prevalence as we already generally have
seen with an increased life expectancy.

All specialties in medicine strive for better survival i.e. cardiologists work
hard to prevent the patients from dying in heart attacks. On the other hand, if
all myocardial infarctions would have a deadly outcome, the prevalence of
dementia would drop dramatically. In Sweden, marked cognitive decline is
often regarded as a limiting factor and people with severe dementia are usu-
ally not subject to advanced life support.

In future epidemiological studies in geriatric populations, choosing the
endpoint is an interesting, partly ethical question that opens a new field of
important clinical research. Are we striving for the longest autonomous,
dementia-free life expectancy? Or the longest life expectancy with the high-
est self-reported quality of life? Or the longest life expectancy in persons
who live in a nursing home?

Conclusions

In this community-based cohort of Swedish men, a low early insulin secre-
tion was associated with an increased risk of AD. Similar associations were
found using measurements from the IVGTT at 50 years of age and from the
OGTT at 71 years of age. Low insulin sensitivity at 71 years of age was not
associated with a higher risk of AD. This knowledge may have implications
for prevention and treatment of AD - in particular the timing and nature of
the intervention.
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In contrast to experimental studies, saturated serum fatty acids were in-
versely associated with risk of AD. No evidence of a protective effect of n-3
fatty acids against AD or all-cause dementia was found. These results re-
mained essentially unchanged if competing risk from mortality was taken
into account.

No associations between hypertension, BMI, cholesterol, smoking and the
risk of AD were found. High blood pressure measured in midlife or late-life
increased the risk of all-cause dementia. Individuals with both an APOE €4
allele and vascular risk factors had the greatest all-cause dementia risk. In
this context it is important to bear in mind that a large group of individuals
develop AD without an extensive burden of vascular risk factors earlier in
life. Brain ageing begins relatively early but the dementia incidence in-
creases dramatically only after 75 years of age. We need to identify factors
that may initiate the disease process and contribute to its progression. Early
insulin response could be one of these markers.

According to the US National Institutes of Health State-of-the-Science
statement in 2010, there is no evidence of sufficient scientific quality sup-
porting the association of any modifiable factor with reduced risk of AD
[199]. However, we should still aim for a healthy lifestyle and treat vascular
risk factors to prevent other late-life chronic diseases including heart disease,
stroke and VAD. There is strong evidence that the APOE €4 allele and a
family history of AD are associated with higher risk of AD but the strongest
at present known risk factor for AD and other dementias is high age.
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Summary in Swedish

Sammanfattning pd svenska

Alzheimers sjukdom (AD) och vaskuldr demens ar de vanligaste demens-
sjukdomarna som innebér stort lidande for patienter och anhériga samt stora
kostnader for samhillet. Dérfor &r det angeldget att forsoka identifiera péa-
verkbara riskfaktorer for demens. Avhandlingens mal dr att studera hur glu-
kosmetabolism, insulin, fettsyresammanséttning och andra vaskuldra riskfak-
torer &r kopplade till framtida utveckling av AD och vaskulér demens.

Avhandlingen baserar sig p& ULSAM (Uppsala Longitudinal Study of
Adult Men) kohorten som startades 1970. Totalt 2322 mén i 50 &rs éalder
undersoktes med fokus pa vaskuléra riskfaktorer. Kohorten undersoktes ater
vid 60, 71, 77, 82 och 88 ars alder. De min som insjuknade i demens till och
med 2010 identifierades noggrant.

Risken for AD var 6kad hos midn med lagt tidigt insulinsvar som méttes
bade med intravends glukostoleranstest vid 50 samt med oral glukostolerans-
test vid 71 ars alder. Vaskulidra riskfaktorer; hypertoni, 6vervikt, hogt koles-
terol och rokning 6kade risken for vaskuldr demens, men inte for AD. Hogre
andel saturerade fettsyror i blodet var associerat med lagre risk for AD. Det
fanns ingen evidens for att omega-3 fettsyror skulle skydda mot demens.

Forutom hog alder var genvarianten APOE €4 den starkaste riskfaktorn
for AD i ULSAM. Individer med bdde APOE €4 och vaskuldra riskfaktorer
hade den storsta risken for att utveckla demens. Légt tidigt insulinsvar var en
riskfaktor huvudsakligen hos mén som inte var barare av APOE &4.

Dessa resultat tyder pa att storningar i glukosmetabolism, insulinsekre-
tion, fettsyror och vaskuléra riskfaktorer ar relaterade pa olika sétt i upp-
komsten av AD och vaskuldr demens. Fynden har potentiella kliniska till-
lampningar 1 att forebygga eller senareligga AD och vaskuldr demens i
framtiden.
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Summary in Finnish

Yhteenveto suomeksi:

Alzheimerin tauti ja verisuoniperdinen dementia ovat tavallisimmat demen-
toivat sairaudet. Ne aiheuttavat suurta kérsimysté potilaille ja heiddn omai-
silleen sekd suuria kustannuksia yhteiskunnalle. Riskitekijét, joiden vaiku-
tuksesta dementia puhkeaa ja etenee, ovat paljolti epdselvid. Tamén véitos-
kirjatyon tarkoituksena oli saada selville miten sokeriaineenvaihdunta, insu-
liini, rasvahapot ja muut verisuonisairauksien riskitekijat liittyvit
Alzheimerin taudin ja verisuoniperdisen dementian ilmaantumiseen.

Viitoskirja pohjautuu ULSAM (Uppsala Longitudinal Study of Adult
Men) tutkimukseen joka alkoi vuonna 1970. Yhteensd 2322 50-vuotiasta
miestd tutkittiin tarkasti keskittyen verisuonitautien riskitekijoihin. Miehet
tutkittiin uudellen 60, 70, 77, 82 ja 88 vuoden idssd. Dementiaan sairastumi-
nen selvitettiin tarkasti vuoteen 2010 asti.

Riski sairastua Alzheimerin tautiin oli suurempi miehill4, joiden insulii-
nin erityksen ensivaihe oli heikentynyt. Tulokset olivat samanlaiset, kun
insuliinin eritys mitattiin joko suun kautta tai suonensisdisesti tehdyssé soke-
rirasituskokeessa. Korkea verenpaine, ylipaino, korkea seerumin kolesteroli
ja tupakointi altistivat verisuoniperiiselle dementialle mutta eivit Alzheime-
rin taudille. Ne miehet, joilla seerumin rasvahapoista suurempi osuus oli
tyydyttyneitd, oli alhaisempi Alzheimerin taudin riski. Tyydyttymattomat
omega-3 rasvahapot eivét suojanneet Alzheimerin taudilta.

Ikddntyminen ja APOE-geenin €4 alleeli olivat Alzheimerin taudin tér-
keimmét riskitekijit ULSAM-tutkimuksessa. Miehet, joilla oli sekd APOE
€4 alleeli ja verisuonitaudin riskitekijoitd oli korkein riski sairastua dementi-
aan. Heikko insuliinin eritys oli riskitekiji erityisesti miehilld, joilla ei ollut
APOE €4 alleelia.

Sokeriaineenvaihdunta, insuliini ja verisuonisairauksien riskitekijit vai-
kuttavat Alzheimerin taudin ja verisuoniperdisen dementian puhkeamiseen
todennékdisesti eri tavoin. Viitdskirjan tuloksilla on merkitystd pyrittdessi
tulevaisuudessa ehkédiseméédn Alzheimerin tautia ja verisuoniperdistd demen-
tiaa.

56



Acknowledgements

I wish to express my sincere gratitude to all who have contributed to this
thesis and to all who have supported and encouraged me during these years,
in particular to:

My principal supervisor Lena Kilander: You are both the brain and the
muscle behind this work. What a great fun we had together!

My co-supervisor, Lars Lannfelt, who offered me a job at Geriatrics in 2003
and has generously, friendly and understanding supported me since then.

My co-supervisor Bjorn Zethelius: You always provided valuable comments
on my work and shared your extensive knowledge about epidemiology and
diabetes.

Johan Sundel6f, my co-author. You made my way easy by doing it all before
me.

Malin Degerman-Gunnarsson, my co-author, for the diagnostic work in UL-
SAM. You, Kristin and the Others who shared the finest room at the institu-
tion with me: I am grateful for all small and big talks that many times did not
concern this research at all.

Johan Sundstrém, my co-author, for valuable advice, for introducing me to
Cox-analysis and giving me my first do-file!

Christian Berne, my co author, for the idea of paper I and II and for valuable,
friendly comments.

Liisa Byberg, my co-author, for a super STATA course and all statistical
advice in paper V.

Bengt Vessby, my co-author, for valuable ideas and comments on paper I'V.

57



My clinical tutors Inga Sjogren, Bernice Wiberg and Per-Erik Andersson for
all warm support and guidance during these years.

All my past and present co-workers and colleagues at the Uppsala University
Hospital, Department of Geriatrics and Memory Clinic. You have worked
hard in taking care of the geriatric patients while I have been writing this
thesis. A special thanks to my Chiefs Elina Alvarez and Margareta Falke-
born.

All friends and colleagues at DH 13B, Geriatrics and Clinical Nutrition, for
many laughs, pleasant lunch and coffee breaks.

Rawya Mohsen, Ewa Warensjo Lemming and Vilmantas Giedraitis: past and
present data managers of the ULSAM cohort, for taking exellent care of the
ULSAM database, always friendly and quick responding.

David Ekstrand for English proofreading.
Dear ALF, for grants that made this work possible.

All ULSAM co-workers during these four decades and
I'All brave and faithful Uppsala-men, participants in the ULSAM study!!

All my relatives and friends both in Finland and Sweden as well as friendly
neighbours. Especially all the best girls for thrills: those who travel with me
the world around, take me to gympa and singing Ursulas.

My mother Anna-Maija who has always been there for support and who has
taken care of me and the rest of the family when needed. My father Tapani
for all enthusiasm in research and guidance in papers I and II.

Aura and Artur: for songs, smiles and deep thoughts about beyblades and
flying pigs: for giving my life a new meaning.

“If I speak in the tongues of men or of angels, but do not have love, I am only
a resounding gong or a clanging cymbal. If I have a faith that can move
mountains, but do not have love, I am nothing.” You are everything, Staffan.

58



References

10.

11.

12.

13.

14.

15.

Wilson, H.S. and A. Skodol, Special report: DSM-1V: overview and examina-
tion of major changes. Arch Psychiatr Nurs, 1994. 8(6): p. 340-7.

McKhann, G., et al., Clinical diagnosis of Alzheimer's disease: report of the
NINCDS-ADRDA Work Group under the auspices of Department of Health
and Human Services Task Force on Alzheimer's Disease. Neurology, 1984.
34(7): p. 939-44.

Chui, H.C,, et al., Criteria for the diagnosis of ischemic vascular dementia
proposed by the State of California Alzheimer's Disease Diagnostic and
Treatment Centers. Neurology, 1992. 42(3 Pt 1): p. 473-80.

Lobo, A., et al., Prevalence of dementia and major subtypes in Europe: A
collaborative study of population-based cohorts. Neurologic Diseases in the
Elderly Research Group. Neurology, 2000. 54(11 Suppl 5): p. S4-9.
Schneider, J.A., et al., Mixed brain pathologies account for most dementia
cases in community-dwelling older persons. Neurology, 2007. 69(24): p.
2197-204.

Edhag, O. and A. Norlund, [Dementia diseases--a systematic review. SBU's
summary and conclusions]. Lakartidningen, 2006. 103(28-29): p. 2135-9.
Glenner, G.G. and C.W. Wong, Alzheimer's disease: initial report of the puri-
fication and characterization of a novel cerebrovascular amyloid protein.
Biochem Biophys Res Commun, 1984. 120(3): p. 885-90.

Hardy, J. and D. Allsop, Amyloid deposition as the central event in the aetiol-
ogy of Alzheimer's disease. Trends Pharmacol Sci, 1991. 12(10): p. 383-8.
Bloom, G.S., K. Ren, and C.G. Glabe, Cultured cell and transgenic mouse
models for tau pathology linked to beta-amyloid. Biochim Biophys Acta,
2005. 1739(2-3): p. 116-24.

Wiberg, B., et al., Cognitive function and risk of stroke in elderly men. Neu-
rology, 2010. 74(5): p. 379-85.

Diehl, J. and A. Kurz, [Vascular dementias]. Fortschr Neurol Psychiatr, 2002.
70(3): p. 145-54.

Strittmatter, W.J., et al., Apolipoprotein E: high-avidity binding to beta-
amyloid and increased frequency of type 4 allele in late-onset familial Alz-
heimer disease. Proc Natl Acad Sci U S A, 1993. 90(5): p. 1977-81.
Castellano, J.M., et al., Human apoE isoforms differentially regulate brain
amyloid-beta peptide clearance. Sci Transl Med, 2011. 3(89): p. 89ra57.

Gatz, M., et al., Role of genes and environments for explaining Alzheimer
disease. Arch Gen Psychiatry, 2006. 63(2): p. 168-74.

Skoog, 1., et al., /5-year longitudinal study of blood pressure and dementia.
Lancet, 1996. 347(9009): p. 1141-5.

59



16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

60

Gerich, J.E., Matching treatment to pathophysiology in type 2 diabetes. Clin
Ther, 2001. 23(5): p. 646-59; discussion 645.

Haffner, S.M., et al., 4 prospective analysis of the HOMA model. The Mexico
City Diabetes Study. Diabetes Care, 1996. 19(10): p. 1138-41.

DeFronzo, R.A., J.D. Tobin, and R. Andres, Glucose clamp technique: a
method for quantifying insulin secretion and resistance. Am J Physiol, 1979.
237(3): p. E214-23.

Lillioja, S., et al., Insulin resistance and insulin secretory dysfunction as pre-
cursors of non-insulin-dependent diabetes mellitus. Prospective studies of
Pima Indians. N Engl ] Med, 1993. 329(27): p. 1988-92.

Weyer, C., et al., Insulin resistance and insulin secretory dysfunction are
independent predictors of worsening of glucose tolerance during each stage of
type 2 diabetes development. Diabetes Care, 2001. 24(1): p. 89-94.

Bucht, G., et al., Changes in blood glucose and insulin secretion in patients
with senile dementia of Alzheimer type. Acta Med Scand, 1983. 213(5): p.
387-92.

Kilander, L., M. Boberg, and H. Lithell, Peripheral glucose metabolism and
insulin sensitivity in Alzheimer's disease. Acta Neurol Scand, 1993. 87(4): p.
294-8.

Meneilly, G.S. and A. Hill, Alterations in glucose metabolism in patients with
Alzheimer's disease. J] Am Geriatr Soc, 1993. 41(7): p. 710-4.

Stolk, R.P., et al., Insulin and cognitive function in an elderly population. The
Rotterdam Study. Diabetes Care, 1997. 20(5): p. 792-5.

Carantoni, M., et al., Alzheimer disease and vascular dementia: relationships
with fasting glucose and insulin levels. Dement Geriatr Cogn Disord, 2000.
11(3): p. 176-80.

Curb, 1.D., et al., Longitudinal association of vascular and Alzheimer's de-
mentias, diabetes, and glucose tolerance. Neurology, 1999. 52(5): p. 971-5.
Peila, R., B.L. Rodriguez, and L.J. Launer, Type 2 diabetes, APOE gene, and
the risk for dementia and related pathologies: The Honolulu-Asia Aging
Study. Diabetes, 2002. 51(4): p. 1256-62.

Peila, R., et al., Fasting insulin and incident dementia in an elderly population
of Japanese-American men. Neurology, 2004. 63(2): p. 228-33.

Schnaider Beeri, M., et al., Diabetes mellitus in midlife and the risk of demen-
tia three decades later. Neurology, 2004. 63(10): p. 1902-7.

Whitmer, R.A., et al., Midlife cardiovascular risk factors and risk of dementia
in late life. Neurology, 2005. 64(2): p. 277-81.

Whitmer, R.A., Type 2 diabetes and risk of cognitive impairment and demen-
tia. Curr Neurol Neurosci Rep, 2007. 7(5): p. 373-80.

van Oijen, M., et al., Fasting insulin levels and cognitive decline in older
women without diabetes. Neuroepidemiology, 2008. 30(3): p. 174-9.

Young, S.E., A.G. Mainous, 3rd, and M. Carnemolla, Hyperinsulinemia and
cognitive decline in a middle-aged cohort. Diabetes Care, 2006. 29(12): p.
2688-93.

Yamada, M., et al., Association between dementia and midlife risk factors: the
Radiation Effects Research Foundation Adult Health Study. J Am Geriatr Soc,
2003. 51(3): p. 410-4.



35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Luchsinger, J.A., et al., Hyperinsulinemia and risk of Alzheimer disease. Neu-
rology, 2004. 63(7): p. 1187-92.

Ott, A., et al., Diabetes mellitus and the risk of dementia: The Rotterdam
Study. Neurology, 1999. 53(9): p. 1937-42.

Arvanitakis, Z., et al., Diabetes mellitus and risk of Alzheimer disease and
decline in cognitive function. Arch Neurol, 2004. 61(5): p. 661-6.

Irie, F., et al., Enhanced risk for Alzheimer disease in persons with type 2
diabetes and APOE epsilond: the Cardiovascular Health Study Cognition
Study. Arch Neurol, 2008. 65(1): p. 89-93.

Akomolafe, A., et al., Diabetes mellitus and risk of developing Alzheimer
disease: results from the Framingham Study. Arch Neurol, 2006. 63(11): p.
1551-5.

MacKnight, C., et al., Diabetes mellitus and the risk of dementia, Alzheimer's
disease and vascular cognitive impairment in the Canadian Study of Health
and Aging. Dement Geriatr Cogn Disord, 2002. 14(2): p. 77-83.

Xu, W.L., et al., Diabetes mellitus and risk of dementia in the Kungsholmen
project: a 6-year follow-up study. Neurology, 2004. 63(7): p. 1181-6.

Xu, W.L., et al., Uncontrolled diabetes increases the risk of Alzheimer's dis-
ease: a population-based cohort study. Diabetologia, 2009. 52(6): p. 1031-9.
Hassing, L.B., et al., Diabetes mellitus is a risk factor for vascular dementia,
but not for Alzheimer's disease: a population-based study of the oldest old. Int
Psychogeriatr, 2002. 14(3): p. 239-48.

Korf, E.S., et al., Brain aging in very old men with type 2 diabetes: the Hono-
lulu-Asia Aging Study. Diabetes Care, 2006. 29(10): p. 2268-74.

den Heijer, T., et al., Type 2 diabetes and atrophy of medial temporal lobe
structures on brain MRI. Diabetologia, 2003. 46(12): p. 1604-10.

Burns, J.M., et al., Peripheral insulin and brain structure in early Alzheimer
disease. Neurology, 2007. 69(11): p. 1094-104.

Heitner, J. and D. Dickson, Diabetics do not have increased Alzheimer-type
pathology compared with age-matched control subjects. A retrospective post-
mortem immunocytochemical and histofluorescent study. Neurology, 1997.
49(5): p. 1306-11.

Arvanitakis, Z., et al., Diabetes is related to cerebral infarction but not to AD
pathology in older persons. Neurology, 2006. 67(11): p. 1960-5.

Sonnen, J.A., et al., Different patterns of cerebral injury in dementia with or
without diabetes. Arch Neurol, 2009. 66(3): p. 315-22.

Beeri, M.S., et al., Type 2 diabetes is negatively associated with Alzheimer's
disease neuropathology. J Gerontol A Biol Sci Med Sci, 2005. 60(4): p. 471-
5.

Beeri, M.S., et al., Insulin in combination with other diabetes medication is
associated with less Alzheimer neuropathology. Neurology, 2008. 71(10): p.
750-7.

Ahtiluoto, S., et al., Diabetes, Alzheimer disease, and vascular dementia: a
population-based neuropathologic study. Neurology, 2010. 75(13): p. 1195-
202.

61



53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

62

Burr, G.O. and M.M. Burr, Nutrition classics from The Journal of Biological
Chemistry 82:345-67, 1929. A new deficiency disease produced by the rigid
exclusion of fat from the diet. Nutr Rev, 1973. 31(8): p. 248-9.

Wang, W., et al., Nutritional biomarkers in Alzheimer's disease: the associa-
tion between carotenoids, n-3 fatty acids, and dementia severity. J Alzheimers
Dis, 2008. 13(1): p. 31-8.

Whalley, L.J., et al., n-3 Fatty acid erythrocyte membrane content, APOE
varepsilon4, and cognitive variation: an observational follow-up study in late
adulthood. Am J Clin Nutr, 2008. 87(2): p. 449-54.

Conquer, J.A., et al., Fatty acid analysis of blood plasma of patients with
Alzheimer's disease, other types of dementia, and cognitive impairment. Lip-
ids, 2000. 35(12): p. 1305-12.

Tully, A.M., et al., Low serum cholesteryl ester-docosahexaenoic acid levels
in Alzheimer's disease: a case-control study. Br J Nutr, 2003. 89(4): p. 483-9.
Cherubini, A., et al., Low plasma N-3 fatty acids and dementia in older per-
sons. the InCHIANTI study. J Gerontol A Biol Sci Med Sci, 2007. 62(10): p.
1120-6.

Devore, E.E., et al., Dietary intake of fish and omega-3 fatty acids in relation
to long-term dementia risk. Am J Clin Nutr, 2009. 90(1): p. 170-6.

Schaefer, E.J., et al., Plasma phosphatidylcholine docosahexaenoic acid con-
tent and risk of dementia and Alzheimer disease: the Framingham Heart
Study. Arch Neurol, 2006. 63(11): p. 1545-50.

Morris, M.C., et al., Consumption of fish and n-3 fatty acids and risk of inci-
dent Alzheimer disease. Arch Neurol, 2003. 60(7): p. 940-6.

Kaaks, R., et al., Uses and limitations of statistical accounting for random
error correlations, in the validation of dietary questionnaire assessments.
Public Health Nutr, 2002. 5(6A): p. 969-76.

Schaefer, E.J., et al., Lack of efficacy of a food-frequency questionnaire in
assessing dietary macronutrient intakes in subjects consuming diets of known
composition. Am J Clin Nutr, 2000. 71(3): p. 746-51.

Samieri, C., et al., Low plasma eicosapentaenoic acid and depressive sympto-
matology are independent predictors of dementia risk. Am J Clin Nutr, 2008.
88(3): p. 714-21.

Kroger, E., et al., Omega-3 fatty acids and risk of dementia: the Canadian
Study of Health and Aging. Am J Clin Nutr, 2009. 90(1): p. 184-92.

Kyle, D.J., et al., Low serum docosahexaenoic acid is a significant risk factor
for Alzheimer's dementia. Lipids, 1999. 34 Suppl: p. S245.

Nakada, T., I.L. Kwee, and W.G. Ellis, Membrane fatty acid composition
shows delta-6-desaturase abnormalities in Alzheimer's disease. Neuroreport,
1990. 1(2): p. 153-5.

Soderberg, M., et al., Fatty acid composition of brain phospholipids in aging
and in Alzheimer's disease. Lipids, 1991. 26(6): p. 421-5.

Skinner, E.R., et al., Differences in the fatty acid composition of the grey and
white matter of different regions of the brains of patients with Alzheimer's dis-
ease and control subjects. Brain, 1993. 116 ( Pt 3): p. 717-25.



70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

Quinn, J.F., et al., Docosahexaenoic acid supplementation and cognitive de-
cline in Alzheimer disease: a randomized trial. Jama, 2010. 304(17): p. 1903-
11.

Brooksbank, B.W. and M. Martinez, Lipid abnormalities in the brain in adult
Down's syndrome and Alzheimer's disease. Mol Chem Neuropathol, 1989.
11(3): p. 157-85.

Kilander, L., et al., Hypertension is related to cognitive impairment: a 20-year
Jollow-up of 999 men. Hypertension, 1998. 31(3): p. 780-6.

Power, M.C., et al., The association between blood pressure and incident
Alzheimer disease: a systematic review and meta-analysis. Epidemiology,
2011.22(5): p. 646-59.

Goldstein, L.B., et al., Guidelines for the primary prevention of stroke: a
guideline for healthcare professionals from the American Heart Associa-
tion/American Stroke Association. Stroke, 2011. 42(2): p. 517-84.

Sharp, S.I., et al., Hypertension is a potential risk factor for vascular demen-
tia: systematic review. Int J Geriatr Psychiatry, 2011. 26(7): p. 661-9.

Chiang, C.J., et al., Midlife risk factors for subtypes of dementia: a nested
case-control study in Taiwan. Am J Geriatr Psychiatry, 2007. 15(9): p. 762-
71.

Hayden, K.M., et al., Vascular risk factors for incident Alzheimer disease and
vascular dementia: the Cache County study. Alzheimer Dis Assoc Disord,
2006. 20(2): p. 93-100.

Hebert, R., et al., Vascular dementia : incidence and risk factors in the Cana-
dian study of health and aging. Stroke, 2000. 31(7): p. 1487-93.

Katzman, R., et al., Development of dementing illnesses in an 80-year-old
volunteer cohort. Ann Neurol, 1989. 25(4): p. 317-24.

Kuller, L.H. and O.L. Lopez, Commentary: "Treatment of hypertension and
prevention of dementia” by Olivier Hanon and Francoise Forette. Alzheimers
Dement, 2005. 1(1): p. 38-40.

Reitz, C., et al., Relation of plasma lipids to Alzheimer disease and vascular
dementia. Arch Neurol, 2004. 61(5): p. 705-14.

Bowirrat, A., et al., Genetic and environmental risk factors for Alzheimer's
disease in Israeli Arabs. J Mol Neurosci, 2002. 19(1-2): p. 239-45.

Koseoglu, E. and Y. Karaman, Relations between homocysteine, folate and
vitamin B12 in vascular dementia and in Alzheimer disease. Clin Biochem,
2007. 40(12): p. 859-63.

Lin, J.C., et al., Risk factors for vascular dementia: a hospital-based study in
Taiwan. Acta Neurol Taiwan, 2007. 16(1): p. 22-6.

Malaguarnera, M., et al., Homocysteine, vitamin B12 and folate in vascular
dementia and in Alzheimer disease. Clin Chem Lab Med, 2004. 42(9): p.
1032-5.

Fernandez, M., et al., [Prevalence of dementia in the elderly aged above 65 in
a district in the Basque Country]. Rev Neurol, 2008. 46(2): p. 89-96.

Nilsson, K., L. Gustafson, and B. Hultberg, Elevated plasma homocysteine
concentration in elderly patients with mental illness is mainly related to the
presence of vascular disease and not the diagnosis. Dement Geriatr Cogn
Disord, 2007. 24(3): p. 162-8.

63



88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

64

Ross, G.W., et al., Characterization of risk factors for vascular dementia: the
Honolulu-Asia Aging Study. Neurology, 1999. 53(2): p. 337-43.

Yamada, M., et al., Prevalence and risks of dementia in the Japanese popula-
tion: RERF's adult health study Hiroshima subjects. Radiation Effects Re-
search Foundation. J Am Geriatr Soc, 1999. 47(2): p. 189-95.

Yoshitake, T., et al., Incidence and risk factors of vascular dementia and Alz-
heimer's disease in a defined elderly Japanese population: the Hisayama
Study. Neurology, 1995. 45(6): p. 1161-8.

Anstey, K.J., et al., Body mass index in midlife and late-life as a risk factor for
dementia: a meta-analysis of prospective studies. Obes Rev, 2011. 12(5): p.
e426-37.

Xu, W.L., et al., Midlife overweight and obesity increase late-life dementia
risk: a population-based twin study. Neurology, 2011. 76(18): p. 1568-74.
Singh, S., G.P. Mulley, and M.S. Losowsky, Why are Alzheimer patients thin?
Age Ageing, 1988. 17(1): p. 21-8.

Vemmos, K., et al., Association between obesity and mortality after acute
first-ever stroke: the obesity-stroke paradox. Stroke, 2011. 42(1): p. 30-6.
Rosengren, A., et al., Body mass index, other cardiovascular risk factors, and
hospitalization for dementia. Arch Intern Med, 2005. 165(3): p. 321-6.

Anstey, K.J., D.M. Lipnicki, and L.F. Low, Cholesterol as a risk factor for
dementia and cognitive decline: a systematic review of prospective studies
with meta-analysis. Am J Geriatr Psychiatry, 2008. 16(5): p. 343-54.

Notkola, I.L., et al., Serum total cholesterol, apolipoprotein E epsilon 4 allele,
and Alzheimer's disease. Neuroepidemiology, 1998. 17(1): p. 14-20.
Kivipelto, M., et al., Apolipoprotein E epsilond allele, elevated midlife total
cholesterol level, and high midlife systolic blood pressure are independent
risk factors for late-life Alzheimer disease. Ann Intern Med, 2002. 137(3): p.
149-55.

Solomon, A., et al., Midlife serum cholesterol and increased risk of Alz-
heimer's and vascular dementia three decades later. Dement Geriatr Cogn
Disord, 2009. 28(1): p. 75-80.

Tan, Z.S., et al., Plasma total cholesterol level as a risk factor for Alzheimer
disease: the Framingham Study. Arch Intern Med, 2003. 163(9): p. 1053-7.
Mielke, M.M., et al., The 32-year relationship between cholesterol and de-
mentia from midlife to late life. Neurology, 2010. 75(21): p. 1888-95.

Stewart, R., et al., Twenty-six-year change in total cholesterol levels and inci-
dent dementia: the Honolulu-Asia Aging Study. Arch Neurol, 2007. 64(1): p.
103-7.

Li, G, et al., Serum cholesterol and risk of Alzheimer disease: a community-
based cohort study. Neurology, 2005. 65(7): p. 1045-50.

Mielke, M.M., et al., High total cholesterol levels in late life associated with a
reduced risk of dementia. Neurology, 2005. 64(10): p. 1689-95.

Peters, R., et al., Smoking, dementia and cognitive decline in the elderly, a
systematic review. BMC Geriatr, 2008. §: p. 36.

Anstey, K.J., et al., Smoking as a risk factor for dementia and cognitive de-
cline: a meta-analysis of prospective studies. Am J Epidemiol, 2007. 166(4):
p- 367-78.



107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

Tyas, S.L., et al., Mid-life smoking and late-life dementia: the Honolulu-Asia
Aging Study. Neurobiol Aging, 2003. 24(4): p. 589-96.

Rusanen, M., et al., Midlife smoking, apolipoprotein E and risk of dementia
and Alzheimer's disease: a population-based cardiovascular risk factors, ag-
ing and dementia study. Dement Geriatr Cogn Disord, 2010. 30(3): p. 277-84.
Rusanen, M., et al., Heavy smoking in midlife and long-term risk of Alzheimer
disease and vascular dementia. Arch Intern Med, 2011. 171(4): p. 333-9.
Juan, D, et al., 4 2-year follow-up study of cigarette smoking and risk of de-
mentia. Eur J Neurol, 2004. 11(4): p. 277-82.

Reitz, C., et al., Relation between smoking and risk of dementia and Alzheimer
disease: the Rotterdam Study. Neurology, 2007. 69(10): p. 998-1005.

Doll, R., et al., Smoking and dementia in male British doctors: prospective
study. Bmj, 2000. 320(7242): p. 1097-102.

Zethelius, B., et al., Proinsulin and acute insulin response independently pre-
dict Type 2 diabetes mellitus in men--report from 27 years of follow-up study.
Diabetologia, 2003. 46(1): p. 20-6.

Matthews, D.R., et al., Homeostasis model assessment: insulin resistance and
beta-cell function from fasting plasma glucose and insulin concentrations in
man. Diabetologia, 1985. 28(7): p. 412-9.

Sobey, W.I., et al., Sensitive and specific two-site immunoradiometric assays
for human insulin, proinsulin, 65-66 split and 32-33 split proinsulins. Bio-
chem J, 1989. 260(2): p. 535-41.

Zethelius, B., et al., A new model for 5-year risk of cardiovascular disease in
type 2 diabetes, from the Swedish National Diabetes Register (NDR). Diabetes
Res Clin Pract, 2011. 93(2): p. 276-84.

Fine, J. and R. Gray, 4 proportional hazards model for the subdistribution of
a competing risk. Journal of the American Statistical Association 1999. 94: p.
496-509.

Coviello, V. and M. Boggess, Cumulative incidence estimation in the presence
of competing risks. Stata Journal, 2004. 4: p. 103-112.

Hughes, T.F., et al., Association between late-life body mass index and demen-
tia: The Kame Project. Neurology, 2009. 72(20): p. 1741-6.

Fitzpatrick, A.L., et al., Midlife and late-life obesity and the risk of dementia:
cardiovascular health study. Arch Neurol, 2009. 66(3): p. 336-42.

Kennelly, S.P., B.A. Lawlor, and R.A. Kenny, Blood pressure and the risk for
dementia: a double edged sword. Ageing Res Rev, 2009. 8(2): p. 61-70.
Lithell, H., et al., The primary preventive study in Uppsala. Fatal and non-
fatal myocardial infarction during a 10-year follow-up of a middle-aged male
population with treatment of high-risk individuals. Acta Med Scand, 1984.
215(5): p. 403-9.

Kloppenborg, R.P., et al., Diabetes and other vascular risk factors for demen-
tia: which factor matters most? A systematic review. Eur J Pharmacol, 2008.
585(1): p. 97-108.

Azad, N.A., M. Al Bugami, and 1. Loy-English, Gender differences in demen-
tia risk factors. Gend Med, 2007. 4(2): p. 120-9.

Solomon, P.R., et al., 4 7 minute neurocognitive screening battery highly
sensitive to Alzheimer's disease. Arch Neurol, 1998. 55(3): p. 349-55.

65



126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

66

Euser, S.M., et al., Measuring cognitive function with age: the influence of
selection by health and survival. Epidemiology, 2008. 19(3): p. 440-7.
Aguero-Torres, H., M. Kivipelto, and E. von Strauss, Rethinking the dementia
diagnoses in a population-based study: what is Alzheimer's disease and what
is vascular dementia?. A study from the kungsholmen project. Dement Geriatr
Cogn Disord, 2006. 22(3): p. 244-9.

Debanne, S.M., et al., Alzheimer's disease and smoking: bias in cohort studies.
J Alzheimers Dis, 2007. 11(3): p. 313-21.

Warensjo, E., et al., Markers of dietary fat quality and fatty acid desaturation
as predictors of total and cardiovascular mortality: a population-based pro-
spective study. Am J Clin Nutr, 2008. 88(1): p. 203-9.

Wiberg, B., et al., Metabolic risk factors for stroke and transient ischemic
attacks in middle-aged men: a community-based study with long-term follow-
up. Stroke, 2006. 37(12): p. 2898-903.

Yu, B., J.S. Saczynski, and L. Launer, Multiple imputation for estimating the
risk of developing dementia and its impact on survival. Biom J, 2010. 52(5): p.
616-27.

Li, L. and C. Holscher, Common pathological processes in Alzheimer disease
and type 2 diabetes: a review. Brain Res Rev, 2007. 56(2): p. 384-402.
Taniguchi, C.M., B. Emanuelli, and C.R. Kahn, Critical nodes in signalling
pathways: insights into insulin action. Nat Rev Mol Cell Biol, 2006. 7(2): p.
85-96.

Janson, J., et al., Increased risk of type 2 diabetes in Alzheimer disease. Diabe-
tes, 2004. 53(2): p. 474-81.

Lorenzo, A., et al., Pancreatic islet cell toxicity of amylin associated with
type-2 diabetes mellitus. Nature, 1994. 368(6473): p. 756-60.

Holscher, C., Development of beta-amyloid-induced neurodegeneration in
Alzheimer's disease and novel neuroprotective strategies. Rev Neurosci, 2005.
16(3): p. 181-212.

De Felice, F.G., et al., Protection of synapses against Alzheimer's-linked tox-
ins: insulin signaling prevents the pathogenic binding of Abeta oligomers.
Proc Natl Acad Sci U S A, 2009. 106(6): p. 1971-6.

Kulstad, J.J., et al., Differential modulation of plasma beta-amyloid by insulin
in patients with Alzheimer disease. Neurology, 2006. 66(10): p. 1506-10.
Reger, M.A., et al., Intranasal insulin improves cognition and modulates beta-
amyloid in early AD. Neurology, 2008. 70(6): p. 440-8.

Gasparini, L. and H. Xu, Potential roles of insulin and IGF-1 in Alzheimer's
disease. Trends Neurosci, 2003. 26(8): p. 404-6.

Farris, W., et al., Insulin-degrading enzyme regulates the levels of insulin,
amyloid beta-protein, and the beta-amyloid precursor protein intracellular
domain in vivo. Proc Natl Acad Sci U S A, 2003. 100(7): p. 4162-7.

Cook, D.G., et al., Reduced hippocampal insulin-degrading enzyme in late-
onset Alzheimer's disease is associated with the apolipoprotein E-epsilon4 al-
lele. Am J Pathol, 2003. 162(1): p. 313-9.

Vepsalainen, S., et al., Insulin-degrading enzyme is genetically associated
with Alzheimer's disease in the Finnish population. ] Med Genet, 2007. 44(9):
p- 606-8.



144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

Bjork, B.F., et al., Positive association between risk for late-onset Alzheimer
disease and genetic variation in IDE. Neurobiol Aging, 2007. 28(9): p. 1374-80.
Lester-Coll, N., et al., Intracerebral streptozotocin model of type 3 diabetes:
relevance to sporadic Alzheimer's disease. J Alzheimers Dis, 2006. 9(1): p. 13-
33.

Hooper, P.L., Insulin Signaling, GSK-3, Heat Shock Proteins and the Natural
History of Type 2 Diabetes Mellitus: A Hypothesis. Metab Syndr Relat Disord,
2007. 5(3): p. 220-30.

Cruz, J.C. and L.H. Tsai, Cdk5 deregulation in the pathogenesis of Alz-
heimer's disease. Trends Mol Med, 2004. 10(9): p. 452-8.

Ubeda, M., D.M. Kemp, and J.F. Habener, Glucose-induced expression of the
cyclin-dependent protein kinase 5 activator p35 involved in Alzheimer's dis-
ease regulates insulin gene transcription in pancreatic beta-cells. Endocrinol-
ogy, 2004. 145(6): p. 3023-31.

Steinthorsdottir, V., et al., 4 variant in CDKALI influences insulin response
and risk of type 2 diabetes. Nat Genet, 2007. 39(6): p. 770-5.

Medina, M. and J. Avila, Glycogen synthase kinase-3 (GSK-3) inhibitors for
the treatment of Alzheimer's disease. Curr Pharm Des. 16(25): p. 2790-8.
Greco, S.J., et al., Leptin inhibits glycogen synthase kinase-3beta to prevent
tau phosphorylation in neuronal cells. Neurosci Lett, 2009. 455(3): p. 191-4.
Frolich, L., et al., Brain insulin and insulin receptors in aging and sporadic
Alzheimer's disease. J Neural Transm, 1998. 105(4-5): p. 423-38.

Hoyer, S., Risk factors for Alzheimer's disease during aging. Impacts of glu-
cose/energy metabolism. J Neural Transm Suppl, 1998. 54: p. 187-94.

Munch, G., et al., Alzheimer's disease--synergistic effects of glucose deficit,
oxidative stress and advanced glycation endproducts. J Neural Transm, 1998.
105(4-5): p. 439-61.

Sasaki, N., et al., Advanced glycation end products in Alzheimer's disease and
other neurodegenerative diseases. Am J Pathol, 1998. 153(4): p. 1149-55.
Sato, T., et al., TAGE (toxic AGEs) theory in diabetic complications. Curr Mol
Med, 2006. 6(3): p. 351-8.

Arab, L. and J. Akbar, Biomarkers and the measurement of fatty acids. Public
Health Nutr, 2002. 5(6A): p. 865-71.

Polozova, A. and N. Salem, Jr., Role of liver and plasma lipoproteins in selec-
tive transport of n-3 fatty acids to tissues: a comparative study of 14C-DHA
and 3H-oleic acid tracers. J Mol Neurosci, 2007. 33(1): p. 56-66.

Kim, HW., et al., Dietary n-6 PUFA deprivation downregulates arachidonate
but upregulates docosahexaenoate metabolizing enzymes in rat brain. Bio-
chim Biophys Acta, 2010(1811): p. 111-117.

Leaf, A. and P.C. Weber, Cardiovascular effects of n-3 fatty acids. N Engl J
Med, 1988. 318(9): p. 549-57.

Takechi, R., et al., Dietary fats, cerebrovasculature integrity and Alzheimer's
disease risk. Prog Lipid Res, 2010. 49(2): p. 159-70.

Walter, J., et al., The cell biology of Alzheimer's disease: uncovering the se-
crets of secretases. Curr Opin Neurobiol, 2001. 11(5): p. 585-90.

Poirier, J., Apolipoprotein E in animal models of CNS injury and in Alz-
heimer's disease. Trends Neurosci, 1994. 17(12): p. 525-30.

67



164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

68

Huang, T.L., et al., Benefits of fatty fish on dementia risk are stronger for
those without APOE epsilon4. Neurology, 2005. 65(9): p. 1409-14.

Petrovitch, H., et al., Midlife blood pressure and neuritic plaques, neurofibril-
lary tangles, and brain weight at death: the HAAS. Honolulu-Asia aging
Study. Neurobiol Aging, 2000. 21(1): p. 57-62.

Lieb, W., et al., Association of plasma leptin levels with incident Alzheimer
disease and MRI measures of brain aging. Jama, 2009. 302(23): p. 2565-72.
Tezapsidis, N., et al., Leptin: a novel therapeutic strategy for Alzheimer's
disease. J Alzheimers Dis, 2009. 16(4): p. 731-40.

Franzosi, M.G., Should we continue to use BMI as a cardiovascular risk fac-
tor? Lancet, 2006. 368(9536): p. 624-5.

Luchsinger, J.A., et al., Central Obesity in the Elderly is Related to Late-onset
Alzheimer Disease. Alzheimer Dis Assoc Disord, 2011.

Shepardson, N.E., G.M. Shankar, and D.J. Selkoe, Cholesterol level and statin
use in Alzheimer disease: I. Review of epidemiological and preclinical studies.
Arch Neurol, 2011. 68(10): p. 1239-44.

Gons, R.A., et al., Cigarette smoking is associated with reduced microstruc-
tural integrity of cerebral white matter. Brain, 2011. 134(Pt 7): p. 2116-24.
Murray, K.N. and N. Abeles, Nicotine's effect on neural and cognitive func-
tioning in an aging population. Aging Ment Health, 2002. 6(2): p. 129-38.
Luchsinger, J.A., et al., Aggregation of vascular risk factors and risk of inci-
dent Alzheimer disease. Neurology, 2005. 65(4): p. 545-51.

Vanhanen, M., et al., Association of metabolic syndrome with Alzheimer dis-
ease: a population-based study. Neurology, 2006. 67(5): p. 843-7.

Razay, G., A. Vreugdenhil, and G. Wilcock, The metabolic syndrome and
Alzheimer disease. Arch Neurol, 2007. 64(1): p. 93-6.

Kalmijn, S., et al., Metabolic cardiovascular syndrome and risk of dementia in
Japanese-American elderly men. The Honolulu-Asia aging study. Arterioscler
Thromb Vasc Biol, 2000. 20(10): p. 2255-60.

Solfrizzi, V., et al., Metabolic syndrome and the risk of vascular dementia: the
Italian Longitudinal Study on Ageing. J Neurol Neurosurg Psychiatry, 2011.
81(4): p. 433-40.

Muller, M., et al., Metabolic syndrome and dementia risk in a multiethnic
elderly cohort. Dement Geriatr Cogn Disord, 2007. 24(3): p. 185-92.

van der Flier, W.M., et al., Early-onset versus late-onset Alzheimer's disease:
the case of the missing APOE varepsilon4 allele. Lancet Neurol. 10(3): p.
280-8.

Launer, L.J., et al., Effects of intensive glucose lowering on brain structure
and function in people with type 2 diabetes (ACCORD MIND): a randomised
open-label substudy. Lancet Neurol. 10(11): p. 969-977.

Forette, F., et al., The prevention of dementia with antihypertensive treatment:
new evidence from the Systolic Hypertension in Europe (Syst-Eur) study. Arch
Intern Med, 2002. 162(18): p. 2046-52.

Skoog, 1., et al., Effect of baseline cognitive function and antihypertensive
treatment on cognitive and cardiovascular outcomes: Study on COgnition and
Prognosis in the Elderly (SCOPE). Am J Hypertens, 2005. 18(8): p. 1052-9.



183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

Feldman, H.H., et al., Randomized controlled trial of atorvastatin in mild to
moderate Alzheimer disease: LEADe. Neurology. 74(12): p. 956-64.

Sano, M., et al., 4 randomized, double-blind, placebo-controlled trial of sim-
vastatin to treat Alzheimer disease. Neurology, 2011. 77(6): p. 556-63.
McGuinness, B., et al., Statins for the treatment of dementia. Cochrane Data-
base Syst Rev, 2010. (8): p. CD007514.

Chiu, C.C,, et al., The effects of omega-3 fatty acids monotherapy in Alz-
heimer's disease and mild cognitive impairment: a preliminary randomized
double-blind placebo-controlled study. Prog Neuropsychopharmacol Biol
Psychiatry, 2008. 32(6): p. 1538-44.

Kotani, S., et al., Dietary supplementation of arachidonic and docosahex-
aenoic acids improves cognitive dysfunction. Neurosci Res, 2006. 56(2): p.
159-64.

Yurko-Mauro, K., et al., Beneficial effects of docosahexaenoic acid on cognition
in age-related cognitive decline. Alzheimers Dement, 2010. 6(6): p. 456-64.
Johnson, E.J., et al., Cognitive findings of an exploratory trial of docosahex-
aenoic acid and lutein supplementation in older women. Nutr Neurosci, 2008.
11(2): p. 75-83.

van de Rest, O., et al., Effect of fish oil on cognitive performance in older
subjects: a randomized, controlled trial. Neurology, 2008. 71(6): p. 430-8.
Freund-Levi, Y., et al., Omega-3 fatty acid treatment in 174 patients with mild
to moderate Alzheimer disease: OmegAD study: a randomized double-blind
trial. Arch Neurol, 2006. 63(10): p. 1402-8.

Boston, P.F., et al., Ethyl-EPA in Alzheimer's disease--a pilot study. Pros-
taglandins Leukot Essent Fatty Acids, 2004. 71(5): p. 341-6.

Quinn, J.F., et al., Docosahexaenoic acid supplementation and cognitive decline
in Alzheimer disease: a randomized trial. Jama, 2010. 304(17): p. 1903-11.
Suzuki, H., Y. Morikawa, and H. Takahashi, Effect of DHA oil supplementa-
tion on intelligence and visual acuity in the elderly. World Rev Nutr Diet,
2001. 88: p. 68-71.

Geleijnse, J.M., E.J. Giltay, and D. Kromhout, Effects of n-3 fatty acids on
cognitive decline: A randomized, double-blind, placebo-controlled trial in
stable myocardial infarction patients. Alzheimers Dement, 2011.

Barnes, D.E. and K. Yaffe, The projected effect of risk factor reduction on
Alzheimer's disease prevalence. Lancet Neurol, 2011. 10(9): p. 819-28.
Richard, E., et al., Prevention of dementia by intensive vascular care
(PreDIVA): a cluster-randomized trial in progress. Alzheimer Dis Assoc Dis-
ord, 2009. 23(3): p. 198-204.

McKhann, G.M., et al., The diagnosis of dementia due to Alzheimer's disease:
recommendations from the National Institute on Aging-Alzheimer's Associa-
tion workgroups on diagnostic guidelines for Alzheimer's disease. Alzheimers
Dement, 2011. 7(3): p. 263-9.

Daviglus, M.L., et al., NIH State-of-the-Science Conference Statement: Pre-
venting Alzheimer's Disease and Cognitive Decline. NIH Consens State Sci
Statements, 2010. 27(4).

69



Acta Universitatis Upsaliensis

Digital Comprehensive Summaries of Uppsala Dissertations
from the Faculty of Medicine 734

Editor: The Dean of the Faculty of Medicine

A doctoral dissertation from the Faculty of Medicine, Uppsala
University, is usually a summary of a number of papers. A few
copies of the complete dissertation are kept at major Swedish
research libraries, while the summary alone is distributed
internationally through the series Digital Comprehensive
Summaries of Uppsala Dissertations from the Faculty of
Medicine.

Distribution: publications.uu.se
urn:nbn:se:uu:diva-164528

du

ACTA
UNIVERSITATIS
UPSALIENSIS
UPPSALA
2012



	Abstract
	List of papers
	Contents
	Abbreviations
	Introduction to the epidemiology of dementia
	Definitions of dementia, Alzheimer’s disease and vascular dementia
	Prevalence, incidence and prognosis
	Etiology
	Risk factors

	Diabetes, insulin secretion and insulin resistance
	Cross sectional case-control studies
	Longitudinal population studies started at midlife
	Longitudinal population studies started late in life
	Neuroimaging and neuropathology

	Fatty acids
	Cross sectional case-control studies
	Longitudinal population studies using dietary questionnaires
	Longitudinal population studies measuring levels of fatty acids in serum/plasma
	Neuropathology

	Other vascular risk factors
	Hypertension
	Obesity
	Hypercholesterolemia
	Smoking

	Material and methods
	Study population
	Baseline examinations at age 50 (study I, III, IV)
	Baseline examinations at age 71 (study II, III)
	Follow-up and assessment of dementia
	Statistical methods

	Results
	Study I
	Study II
	Study III
	Study IV

	Discussion
	Strengths and weaknesses
	Assessment of dementia
	Epidemiological aspects
	Possible connections
	Intervention studies
	Future
	Conclusions

	Summary in Swedish
	Summary in Finnish
	Acknowledgements
	References



