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Abstract
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Risk factors for dementia, Parkinson’s disease, and stroke have been widely studied but there
are still research gaps concerning the role of diet for the development of these diseases. The
overall aim of this thesis was to investigate whether various aspects of diet are associated with
common disorders and diseases in the brain.

Paper I and II are based on the Uppsala Longitudinal Study of Adult Men (ULSAM). Paper
IIT and IV are based on the Swedish Mammography Cohort (SMC) and the Cohort of Swedish
Men (COSM).

In paper I, we investigated the associations between three different dietary patterns and
incidence of Alzheimer’s disease (AD), dementia, and cognitive impairment. We observed no
associations between adherence to the Healthy Diet Indicator and any of the outcomes studied,
or between adherence to a Mediterranean-like diet (mMDS) and AD or dementia. There was a
tendency towards a lower risk of cognitive impairment with higher adherence to the mMDS, and
a weak association between adherence to a Low Carbohydrate High Protein score and higher
risk of all-type dementia. Overall, there were no strong associations with the studied dietary
patterns and development of dementia or cognitive impairment.

In paper II, we found no associations of vitamin D measured as vitamin D intake, plasma 25-
hydroxyvitamin D concentrations, or a vitamin D synthesis genetic risk score with incident AD,
vascular dementia, dementia, or performance in the Mini-Mental State Examination.

In paper 111, we observed a weak higher risk of PD associated with milk consumption but there
was no dose-response relationship. Thus, this association needs to be interpreted with caution.
Fermented milk intake was not associated with PD.

In paper IV, we found that a higher long-term milk consumption based on repeated measures
of intake was not associated with total stroke, weakly and non-linearly associated with lower
risk of cerebral infarction and higher risk of hemorrhagic stroke. Fermented milk consumption
was not associated with any stroke type. Our results highlight the importance of repeated
measurements of food intake, separate analyses of milk and fermented milk consumption, and
to study stroke types separately.

Despite the lack of strong associations, the findings of this thesis have increased our
knowledge about the potential role of overall diet, vitamin D, and milk and fermented
consumption in the prevention or development of common neurodegenerative diseases and
stroke.
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Introduction

Dementia, Parkinson’s disease (PD) and stroke are common disorders in the
brain and affect many people. Both Alzheimer’s disease (AD), the most com-
mon cause of dementia, and PD are neurodegenerative diseases where the pro-
gression of the disease varies and usually develops slowly over many years.
Symptoms of stroke, on the other hand, appear suddenly without warning and
can change the life of a person who has been healthy and independent to be-
come completely dependent on the help of others. These diseases cause a wide
range of complications, such as functional impairments, and tremendous suf-
fering for the affected person, their families and others in their vicinity. Also,
health care costs are high for these diseases. Although risk factors for demen-
tia, PD, and stroke have been widely studied there are still research gaps con-
cerning the role of diet in the development of these diseases. Today there are
symptom relieving medications but still no cure for either AD or PD. There-
fore, identification of modifiable factors, such as diet, that have the potential
to affect the risk of these diseases is of great importance. In this thesis I inves-
tigated whether different aspects of diet influence these common brain disor-
ders. Specifically, we studied whether different diets and vitamin D may play
a role in the prevention of dementia and cognitive decline and whether con-
sumption of milk and fermented milk affects the risk of developing PD and
stroke in Swedish middle-aged and older women and men.
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Background

Dementia

Dementia is an umbrella term (a syndrome) for cognitive decline caused by
changes in the brain that are not part of the normal aging progress and affects
daily activities. It is defined as impairment of memory and at least one other
cognitive function, lasting for more than six months and affecting the ability
to manage activities in daily life. The symptoms can vary with stages of de-
mentia and can include memory loss, problems with thinking, reasoning, ori-
entation, judgment, and problem solving. Mood, emotions, and behavior can
also be affected. The World Health Organization (WHO) estimated that 55.2
million people were living with dementia worldwide in 2019 (1). In Sweden
around 20,000 to 25,000 people are identified with dementia every year and
today 130-150,000 persons are living with dementia (2, 3). The number of
people with dementia will increase and according to the World Alzheimer re-
port 2018 around 152 million people will be living with dementia by 2050 (4).

Alzheimer’s disease (AD) is the most common form of dementia and ac-
counts for 60% of all dementia cases. The pathological changes leading up to
the disease can start 15-20 years before any signs of symptoms (5, 6). The
neurodegeneration usually starts in the hippocampal area, affecting episodic
memory, i.e., memory for recent events (7). Gradually, verbal, visuospatial
and perceptual functions are affected, as well as impairment of problem solv-
ing and logical thinking. Executive dysfunction, such as lack of drive, is com-
mon. Other later symptoms are difficulties with speaking, walking, standing,
and swallowing. At the end stage the person will be bedbound and need help
with everything from dressing to eating (8). The pathology of AD is charac-
terized by aggregation of the protein beta-amyloid in plaques outside the neu-
rons, and tangles of tau deposition inside the neurons. The plaques enhance
neurodegeneration, and the tangles prevent transportation of nutrients in the
neurons. The start of the neurodegeneration is not yet fully understood but one
theory is that aggregation of amyloid beta, starts the process and promotes
hyper-phosphorylation of the tau protein into neurofibrillary tangles (9, 10).
This causes synaptic dysfunction (where the synapses are blocked and thus
the neurons cannot communicate) and leads to neuronal death (8, 11). Other
characteristics are inflammation, microglial activation, and neurodegeneration
(8). The diagnosis of AD includes a medical examination, cognitive tests as
well as blood tests and brain imaging. Biomarkers in cerebrospinal fluid may
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aid in diagnostics. Decreased concentrations of amyloid beta, and increased
concentrations of total tau and phosphorylated tau are typical findings in AD
(8).

Vascular dementia is the second most common form of dementia and is
caused by shortage of blood supply to the brain due to ischemic or hemor-
rhagic strokes and/or small vessel brain disease (12). Early symptoms are
problems with executive functions like difficulties with initiation, planning,
and implementation, but usually not loss of memory as in Alzheimer’s disease.
Known risk factors are hypertension, diabetes, hyperlipidemia, atrial fibrilla-
tion, smoking and overweight, the same risk factors as for cardiovascular dis-
ease.

Frontotemporal dementia (13), Lewy Body dementia (14), and Parkinson’s
disease with dementia (14) are other forms of dementia. The term unspecified
dementia is used when it is not possible to establish type of dementia or there
are multiple pathologies (15).

It is important to have valid methods to measure cognitive decline and cog-
nitive impairment for early detection and diagnosis of dementia, distinguish-
ing between normal cognitive decline due to age or if it is due to dementia,
defining areas that are affected, and thus adapt the care to the individual (16).
There are many instruments for measuring cognitive decline. The Mini Mental
State Examination (MMSE) (17) is the most common screening test of cogni-
tive function and is widely used, both in clinical practice and in research. It
includes brief questions on orientation to time and place, attention/calculation,
short-term memory, praxis and figure copying, and the maximal score is 30
points. However, it is complicated to measure cognitive function even in nor-
mal aging due to variability among persons (18). The test results can be un-
specific, may not mirror daily life functioning, and educational level may in-
fluence the test results to mask cognitive decline (18).

Today there are no medications that cure AD. It is discussed that any such
future treatment would need to start very early in the neurodegeneration pro-
cess to have an effect on the degeneration. High age, family history of having
a first degree relative with AD, and heredity such as the apolipoprotein E e4
genotype are known non-modifiable risk factors for AD. Some cardiovascular
risk factors such as hypertension, smoking, diabetes, hyperlipidemia, and obe-
sity have been associated with increased risk of dementia including AD (19).
Other potential risk factors include low education, hearing impairment, de-
pression, physical inactivity, low social contact, alcohol consumption, trau-
matic brain injury, and air pollution (20).

Parkinson’s disease

Parkinson’s disease (PD) was first described in the literature by James Parkin-
son in 1817 (21). This disease is the second most common neurodegenerative
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disease in the world. Approximately 6 million people suffer from PD world-
wide (22) and in Sweden around 22,000 people are currently diagnosed with
PD (23). PD is more common in higher ages and the prevalence is around 1%
in the population above the age of 60 years and at the age of 80 years the
prevalence is around 4% (24). The incidence rates vary among studies but
rates of 3-258 per 100,000 person-years have been reported (25).

PD is characterized by loss of dopamine-producing brain cells in substantia
nigra. Dopamine is a neurotransmitter involved in controlling movements of
the body. The main symptoms in PD are bradykinesia (slowness or absence of
voluntary movements), tremor, rigidity, and postural instability. Other com-
mon symptoms are constipation, anosmia, sleep disturbance, depression, and
further on cognitive impairment (26). Lewy bodies with the aggregated form
of alpha-synuclein have been found inside the remaining neurons in persons
with PD and this aggregation is considered a hallmark of PD (27, 28). Today
there is no cure for PD. Dopaminergic medications are designed to increase,
substitute or prolong the effect of dopamine in the brain and alleviate symp-
toms (29). Deep brain stimulation improves mobility and reduces tremor in
selected patients.

Risk factors for PD are high age and genetic factors. However, genetic fac-
tors are considered to account for only 5-10% of PD cases (30). Thus, envi-
ronmental factors like exposure to toxins and pesticides or lifestyle factors
such as diet may play an important role in the PD pathogenesis (31, 32). Smok-
ing and coffee consumption have been associated with decreased risk of PD
in observational studies (31). The cause of PD is not completely known but
inflammation, oxidative stress, and disturbances in the gut microbiota are
among the processes suggested to be involved in the pathogenesis (33-39).

Stroke

Worldwide, stroke is the second most common cause of death and disability
(40) with over 13 million new stroke cases every year (40, 41). A stroke can
be a life-threatening condition. A person with a stroke needs immediate med-
ical care to save the life of the person and reduce the brain damage. Approxi-
mately one third die and one third have permanent disabilities. According to
The National Board of Health and Welfare, there were 27,500 stroke cases in
Sweden in 2019 and 74% of those who had a stroke were 70 years old or older
(42). In 1980, the WHO defined stroke as “rapidly developed clinical signs of
focal (or global) disturbance of cerebral function, lasting more than 24 hours
or leading to death, with no apparent cause other than of vascular origin” (43).
The two main types of stroke are cerebral infarction or ischemic stroke, and
hemorrhagic stroke. A stroke occurs when the brain does not get enough sup-
ply of blood and thus not enough oxygen which causes neuronal death. Cere-
bral infarction is the most common form, and accounts for approximately 87%
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of'the strokes cases (44), and is caused by a blocked artery by a cardiac emboli
(blood clot due to atrial fibrillation) or rupture of a atherosclerotic plaque (45).
Hemorrhagic stroke is caused by a rupture of the artery (intracerebral hemor-
rhage) or an intracerebral bleeding or a bleeding in the subarachnoid space
(45, 46). Intracerebral hemorrhage accounts for 10-20% of all stroke cases
(41). Treatment of an acute stroke at the emergency ward depends on whether
it is a cerebral infarction or a hemorrhagic stroke. In brief, treatment with a
thrombolytic agent may completely or partially resolve the blood clot when
given within 4.5 hours from the onset of symptoms. The blood clot can also
be removed with a stent retrieve. This procedure must be done within 6-24
hours of the first symptoms. The acute treatment for hemorrhagic stroke is to
stop the bleeding and control the pressure in the brain and may involve medi-
cation to lower pressure in the brain and/or surgery. The consequences of
stroke depend on which area in the brain that is affected and how severe the
damage is. Common short- and long-term consequences of a stroke are com-
plete or partial unilateral paralysis of the limbs. Other functions than can be
affected are speech, language and communication, swallowing (dysphagia),
vision, balance, memory and cognitive functions (47).

Non-modifiable risk factors for stroke are high age, sex (more common in
men), and ethnicity. Hypertension is a major risk factor for both cerebral in-
farction and hemorrhagic stroke. Other modifiable risk factors for cerebral in-
farction are physical inactivity, obesity (particularly abdominal obesity), cur-
rent smoking, type 2 diabetes mellitus, hyperlipidemia, high alcohol consump-
tion (particularly for hemorrhagic stroke), and cardiac disease (such as atrial
fibrillation, coronary heart disease, and carotid artery disease). Results from
the INTERSTROKE study, including 32 countries, also included apolipopro-
tein (Apo)B/ApoAl ratio, diet (low adherence to healthy dietary pattern) and
psychosocial factors as risk factors. Risk factors that have been identified with
hemorrhagic stroke are hypertension as mentioned earlier, physical inactivity,
unhealthy diet, abdominal obesity, psychosocial factors, cardiac causes, and
high alcohol consumption (48). Furthermore, abnormally formed blood ves-
sels increase the risk of hemorrhagic stroke.

Dietary factors

In my profession as a dietitian at the Geriatric and Metabolic clinics, I met
patients with dementia, PD, and stroke who had a variety of nutritional prob-
lems. These problems could include chewing and swallowing problems (dys-
phagia), dehydration, loss of appetite, changes in smell and taste, difficulties
in preparing meals, the patient would forget to eat and drink, constipation, and
malnutrition. As a dietitian, I do not only identify and treat nutrition related
diseases and problems and conduct nutritional therapy but also support people
to change their dietary intake and dietary habits. The aim is to improve their
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health and prevent diseases such as diabetes, cardiovascular disease, over-
weight and obesity, and certain forms of cancer. But is there any evidence for
nutritional advice for preventing or delaying dementia, PD, and stroke? What
can I recommend as a dietitian to prevent or delay these diseases? As men-
tioned earlier, advanced age, heredity and certain genes are risk factors for
dementia, PD, and stroke but we cannot change these factors. Dietary intake
on the other hand is a lifestyle factor that is modifiable. The diet may affect
dementia, PD, and stroke through several mechanisms and pathways, includ-
ing the diet’s effect on oxidative stress, inflammation, gut microbiota, body
weight, blood pressure, glucose, insulin, and blood lipids (20, 49, 50).

To study the impact of dietary intake is complex and challenging. We eat
food in combination and the compounds (both known and unknown) in food
are often inter correlated and have synergistic effects. We can study the impact
of diet by focusing on single nutrients, foods, and dietary patterns. There are
different methods for measuring dietary intake and the most common meas-
urements in nutritional epidemiology are food frequency questionnaires
(FFQ), 24-h recall interviews, and food records. In this thesis, dietary intake
was measured with food records in Paper I and Paper II and with FFQ in Paper
III and Paper IV.

In food records, foods and drinks are recorded at the time when it is con-
sumed. The food recording can be very detailed and may include measuring
the amount of food consumed, recording of time and type of meal, preparation,
and brands among others. In food records the participants do not need to rely
on memory but recording of the diet may influence the intake. Further, the
number of days required to measure habitual intake to classify food and nutri-
ent intake into categories and rank the participants’ intake depends on the pop-
ulation and the research question but around 7-14 days have been suggested
(51). The FFQ assesses the habitual intake usually covering the past 6-12
months and includes a list of foods and drinks with questions on how often the
food was eaten. Pictures of portion sizes can also be included in the FFQ. The
estimated usual dietary intakes can be ranked between participants after ad-
justment for total energy intake (52). The FFQ relies on the participant’s
memory to recall what was consumed and how often the food was consumed
but is less demanding and less time consuming than food records.

In Paper I, focus was on dietary patterns and dementia. In dietary patterns
we are able to study different dietary components in combination (53). We
used a priori dietary patterns which are based on predefined indices and can
include foods, nutrients, and quantities of macronutrients. These a priori die-
tary patterns are often based on recommendations for prevention of diseases
and/or dietary habits proposed to be healthy (54). The Healthy Diet Indicator
(HDI) is based on the WHO dietary guidelines for prevention of chronic dis-
eases and is characterized by high intakes of fruit and vegetables (<400g/d),
dietary fiber (27-40g/d), pulses, nuts, seeds (>30g/d), and complex carbohy-
drates (50-70 Energy (E)%), adequate intakes of protein (10-50 E%), and poly
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unsaturated fatty (PUFA, 3-7 E%), limited amounts of saturated fatty acids
(SFA, <10 E%), oligo-/mono- and disaccharides <10 E%, and cholesterol
(<300 mg/d) (55, 56). The Mediterranean Diet score was developed by Tri-
chopoulou et al (57) and is based on the traditional dietary habits in the Med-
iterranean and is characterized by a high intakes of olive oil, fruit and vegeta-
bles, legumes, nuts, whole grain cereals, fish (moderate to high), and low in-
takes of saturated fats, meat and poultry, low to moderate intakes of dairy
product (mainly yogurt and cheese), and a moderate intake of alcohol, prefer-
ably wine served with meals (57). The low carbohydrate high protein score is
based on quantities of the macronutrients, carbohydrates and protein. A diet
low in carbohydrates and high in protein has been suggested to be beneficial
for weight loss management (58-60) and was promoted in the Swedish press
and became popular in the general Swedish population in the beginning of
2000 (61). However, high adherence to LCHP has been associated with all-
cause mortality (60, 62, 63). Type of carbohydrates or protein source is not
taken into account in this dietary pattern and a high adherence to LCHP may
lead to a high intake in total fat and saturated fats (60).

In Paper II, the focus was on vitamin D. The potential role of vitamin D in
dementia was investigated in three different ways, including dietary vitamin
D intake, plasma 25-hydroxyvitamin D (25(OH)D), a biomarker for vitamin
D status, and a genetic risk score for vitamin D synthesis.

In Paper III and IV, we focused on the associations between milk products
and risk of PD and stroke. Milk consumption is traditionally high in the Swe-
dish population and milk products have been promoted as a nutritious drink.
However, a high non-fermented milk consumption was associated with higher
mortality and with markers of oxidative stress and inflammation among par-
ticipants in the Swedish Cohort of Women (SMC) and the Cohort of Swedish
Men (COSM) (64). On the other hand, high fermented milk consumption was
associated with lower mortality and lower concentrations of markers of oxi-
dative stress and inflammation (64). Inflammation and oxidative stress have
been suggested to be involved in the pathogenesis of PD and stroke and this
is one of the reasons why we were interested in investigating the link between
milk and fermented milk intake and risk of PD and stroke.

Diet and dementia

Observational studies have investigated the impact of nutrients, foods, and
healthy diets on AD and other dementia disorders. There is some evidence that
a healthy dietary pattern, preferably plant-based diets and especially the Med-
iterranean diet, is associated with lower risk of cognitive decline and lower
risk of AD and dementia, but the results are not consistent (20, 65-69). Con-
cerning the Mediterranean diet, higher adherence to the Mediterranean diet
was associated with reduced risk of AD in three longitudinal studies (70-72),
while two other longitudinal studies did not observe an association between
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high adherence to the Mediterranean diet and risk of AD or dementia (73, 74).
At the time when we started our study, little data were available on the asso-
ciations between traditional healthy diets based on the WHO recommenda-
tions and risk of dementia (56). Furthermore, observational data in Northern
Europe investigating the impact of dietary patterns on dementia were limited
to a small study in 425 Finnish participants that found that a healthy diet at
midlife was associated with a decreased risk of AD and dementia (69).

The low carbohydrate and high protein diet (LCHP) has been promoted for
short term weight loss but have also been associated with all-cause mortality
(60). The impact of LCHP on the risk of AD and dementia had not been stud-
ied.

Since our publication on dietary patterns and dementia in 2015, several new
studies on this topic have been published (75), including a couple of studies
in the Northern part of Europe (76, 77).

Vitamin D

Vitamin D has been proposed to have an important role for brain health and
the progression of cognitive impairment, AD, and dementia (78-84). Inflam-
mation and oxidative stress may be involved in the pathogenesis of AD and
dementia and vitamin D is suggested to be neuroprotective by reducing in-
flammation and oxidative stress (85-87). Vitamin D may also be involved in
amyloid plaque clearance (88, 89). Vitamin D is obtained manly from sun ex-
posure but diet is also an important source. There are two forms of vitamin D;
vitamin D2 and vitamin D3. Mushrooms contain vitamin D2. Major dietary
sources of vitamin D3 are fatty fish such as salmon, herring, and mackerel.
Other dietary sources of vitamin D3 are egg, meat, and fortified dairy prod-
ucts, such as milk and margarines. In the skin, ultraviolet B sunlight trans-
forms the cholesterol metabolite 7-dehydrocholesterol into pre-vitamin D3
(cholecalciferol). The enzyme 7-dehydrocholesterol reductase (DHCR?7) is in-
volved in this synthesis. The pre-vitamin is then converted into vitamin D3,
also in the skin. Vitamin D3 is transported by vitamin D-binding protein
(DBP) to the liver but can also be stored in the adipocytes. In the liver, vitamin
D is converted into 25-hydroxyvitamin D. Vitamin D hydroxylase (CYP2R1)
is involved in this process. 25(OH)D is then released into the bloodstream and
plasma. 25(OH)D is considered the main clinical biomarker of vitamin D sta-
tus but is still in its inactive form. In the kidneys, 25(OH)D is converted by
hydroxylation to the biologically active form of vitamin D, that is 1,25-dihy-
droxyvitamin D, which is a steroid like hormone. This form of vitamin D is
transported by DBP to the target cells were 1,25-dihydroxyvitamin D interacts
with the vitamin D receptor. Vitamin D receptors have been found not only in
vascular cells, muscle cells, and immune cells but also in brain cells and espe-
cially in areas where memory and cognitive functions are processed (87, 90-
92).
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Vitamin D and dementia

High intakes of vitamin D have been proposed to decrease the dementia risk,
but the evidence is limited. In a cohort of 498 women followed for 7 years, a
high vitamin D intake was found to be associated with lower risk of AD but
not with non-AD dementias (93). A later study linked higher vitamin D intakes
to decreased risk of dementia among 1759 multiethnic participants followed
for 5.8 years (94).

Low concentrations of vitamin D have been associated with increased cog-
nitive impairment, AD and dementia, especially in cross sectional studies and
studies with short follow-up (95-97). In cross-sectional studies and studies
with short follow-up there is a risk for reverse causation. Cognitive impair-
ment and dementia may lead to poor nutritional intake and low sun exposure
which may result in lower concentrations of vitamin D (98). In studies with
longer follow-up, the evidence for an association between low vitamin D sta-
tus is less convincing (99). Up until 2016, four out of six longitudinal studies
observed no association between AD and dementia (79, 99-101), one study
observed a higher risk of AD with low vitamin D status (82), and another ob-
served a lower risk of dementia with higher concentrations of 25(OH)D (102).
Later studies have also shown conflicting results (80, 83, 94, 103). The dis-
crepancies among the studies could be due to different measurements methods
of plasma 25(OH)D, different cut-offs for vitamin D deficiency, different tests
for measurement of cognitive function, different follow-up times, and differ-
ences in ascertainment of diagnosis of dementia where some have used regis-
ters while others have followed up participants at the clinic. With the insidious
onset of dementia, observations may be biased by reverse causation.

The Mendelian randomization approach (MR) can reduce confounding and
reverse causation in observational studies by utilizing of genetic variants that
are randomly assigned at conception. Only a few studies had examined the
association of genetic variants involved in the vitamin D synthesis with cog-
nitive impairment and AD before 2017 when we conducted our study. One
previous MR study reported suggestive evidence between genetically pre-
dicted higher 25(OH)D concentrations and lower risk of AD (104). Another
study reported no clear associations between genetic variants including
CYP2R] and cognitive performance (105) but genetic variants associated with
higher 25(OH)D and poorer word recall was observed in another study (106).
Subsequent studies have reported that genetically predicted vitamin D con-
centration is inversely associated with AD (81, 107, 108).

In the Mendelian randomization approach, the genetic variants used as in-
strumental variables must be associated with the exposure and thus the causal
relationship between the genetic variant(s) and the outcome can be studied.
Genetic variants involved in the vitamin D synthesis have been associated
with plasma 25(OH)D. The principles of the MR approach are illustrated in
Figure 1. I will demonstrate the principles of MR by using our own study as
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an example. A genetic risk score was created based on single nucleotide pol-
ymorphisms (SNPs) of the DHCR7 and CYP2RI genes involved in the syn-
thesis of vitamin D. The genetic risk score is associated with higher circulating
levels of vitamin D and is then used as an unbiased proxy for plasma
25(OH)D. This genetic risk score is the instrument (G) in our instrumental
variable analysis and influences the exposure X [plasma 25(OH)D], shown in
Figure 1. The genetic risk score (G) is not associated with possible confound-
ers (U) of the plasma 25(OH)D-outcome (Y) association. G may, further, not
influence the outcome Y (AD, vascular dementia, dementia, cognitive impair-
ment) in any other way except through exposure X [plasma 25(OH)D] (109,
110). It is important that the genetic variants used as instrumental variables
should have no pleiotropic effects (111), meaning that the genetic variants
should not affect the outcome in any other way than trough exposure X (112).

Figure 1. Mendelian randomization design. Published in licentiate thesis 2016.

There is still no convincing evidence that vitamin D supplementation (113-
116) has an effect on cognition. A meta-analysis including three interventional
studies (n=314) concluded that there was no benefit with supplementation
with vitamin D on cognition (113). A randomized study, not included in the
meta-analysis, among healthy women, showed that yoghurts fortified with vit-
amin D (200 IU) and calcium (i.e., 400 mg), taken twice a day for three
months, maintained global function compared to women in the placebo group
(117).

The rationale for Paper Il was the lack of studies on vitamin D intake in
relation to incident dementia, the conflicting results from studies with long-
term follow-up on the association between plasma 25(OH)D and dementia,
and few studies with genetic risk score for vitamin synthesis and dementia.

Diet and PD

The relationship between diet and risk of PD is unclear (118). Previous studies
have suggested an association between high consumption of dairy products,
especially milk consumption, and increased risk of Parkinson’s disease. How-
ever, associations between fermented milk consumption and associations with
Parkinson’s disease have been less studied. A high intake of milk (>473 mL)
compared with no milk intake was associated with a 2.3-fold excess risk of
PD in 7504 men (including 128 PD cases diagnosed over 30 years of follow-
up) in the Honolulu Heart program (119). Results from the Cancer Prevention
Study II Nutrition Cohort in the U.S, where 388 out of 130,864 participants
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were identified with PD, also found that milk consumption was positively as-
sociated with PD risk, but found no association with yogurt consumption
(120). High milk consumption was associated with an increased risk of PD in
women but was not significantly associated with PD in men in a Finnish co-
hort (121). No association was found between fermented milk and PD. The
cohort was followed-up for 41 years and consisted of 4439 participants where
85 participants were identified with PD (121). In a Greek cohort in which 88
out of 25,407 participants were identified with PD during follow-up, con-
sumption of milk but not yogurt or cheese was associated with incident PD
(122). Additionally, milk but not yogurt consumption was associated with PD
risk among women and men in the Nurses’ Health Study and the Health Pro-
fessionals Follow-up Study including 129,346 participants of which 1036
were identified with PD during follow-up (123). A meta-analysis including
these prospective studies reported a 56% higher risk of PD among those in
highest category of milk consumption compared with those in the lowest cat-
egory of milk consumption (123). In most of these studies, except Nurses’
Health Study and the Health Professionals Follow-up Study (123), the number
of participants who developed PD during follow-up were few.

In study III, we wanted to investigate associations across the full range of
milk and fermented milk intake and not only compare high and low intakes,
in a population with a traditionally high intake of milk and fermented milk and
also where the number of incident PD cases is relatively high compared with
previous studies.

Diet and stroke

The health effects of milk and other dairy products have been widely investi-
gated and discussed (124, 125). A recent meta-analysis observed an 8% de-
creased risk of stroke with an increment of 200 g per day of milk intake (126).
However, several other observational studies did not detect an association be-
tween milk consumption and stroke risk (127-130). It is of importance to study
associations separately for the different types of stroke since cerebral infarc-
tion and hemorrhagic stroke may not have similar pathophysiology (127).
Higher milk intake was associated with a lower risk of cerebral infarction
(127, 131, 132) whereas no or inverse associations were found between milk
intake and hemorrhagic stroke (127, 133, 134). Fermented milk intake was
associated with both a lower risk of total or fatal stroke in a dose response
meta-analysis (131) and no association was seen between yogurt intake and
ischemic stroke (135). The studies on milk and fermented milk have been con-
ducted in different parts of the world and intakes of milk and fermented milk
vary between the populations. A high intake in one population can represent
a low intake in another population and consequently the reference categories
differ between studies and may thus generate different results. Differences in
results could also be due the fact that milk and fermented milk such as yoghurt
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and sour milk have been studied together and not separately. Few studies have
investigated how milk and fermented milk intake are associated with hemor-
rhagic stroke. In 2012, associations between milk intake and total stroke, cer-
ebral infarction or hemorrhagic stroke were examined in the Swedish cohorts
SMC and COSM. No associations were found between milk intake and total
stroke, cerebral infarction or hemorrhagic stroke during the mean follow-up
of 10.2 years (136). We had the opportunity to re-investigate these potential
associations in SMC and COSM, now also including time updated information
of both milk and fermented milk consumption, and risk of total stroke, cerebral
infarction, and hemorrhagic stroke in a population with traditionally high con-
sumption of milk and fermented milk.
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Aims

The overall aim of this thesis was to investigate whether various aspects of
diet are associated with common disorders and diseases in the brain.

The specific aims were:

Paper I:

To explore associations of the Healthy Diet Indicator, a Mediterranean-like
diet, and a Low Carbohydrate High Protein score dietary pattern with inci-
dence of AD, all-type dementia, and all-type cognitive impairment in a cohort
of 70-year-old Swedish men.

Paper II:

To examine whether vitamin D intake, plasma 25-hydroxyvitamin D, and a
genetic risk score for vitamin D synthesis are associated with incident AD,
vascular dementia, all-cause dementia, and performance in the Mini-Mental
State Examination in Swedish elderly men.

Paper III:
To investigate whether milk and fermented milk intakes are associated with
incident PD in cohorts of Swedish women and men.

Paper IV:

To assess potential associations of time-updated information on milk and fer-
mented milk consumption with risk of total stroke, cerebral infarction, and
hemorrhagic stroke in a Swedish population.
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Methods

Study populations

The first two papers are based on data from the Uppsala Longitudinal Study
of Adult Men (ULSAM, described in detail at http://www.pubcare.uu.se/UL-
SAM/) (137, 138). Paper III and IV are based on data from the Swedish Mam-
mography Cohort (SMC) and the Cohort of Swedish Men (COSM) (139)
which are included in the National Research Infrastructure SIMPLER (Swe-
dish Infrastructure for Medical Population-based Life-course Environmental
Research; www.simpler4health.se).

The Uppsala Longitudinal Study of Adult Men (ULSAM) cohort

The ULSAM cohort was initiated in 1970 and the aim was to identify risk
factors for cardiovascular disease. All men, born in 1920-24 living in the mu-
nicipality of Uppsala were invited to attend the health survey. In this first in-
vestigation, 2841 men were invited and 2322 agreed to participate. The men
have been reinvestigated regularly at the approximate ages of 60, 71, 82, 88,
and 93 years. The third investigation which was conducted in 1991-95 serves
as baseline for Paper I and II. The mean age of the men was then 71 years old.
All survivors from the first investigation and still living in Uppsala were in-
vited (n=1681) and 1221 men agreed to participated. Included in the investi-
gations were anthropometric measurements, blood sampling, cognitive tests,
medical and lifestyle questionnaires, and a food record. A total of 1138 out of
1221 (73%) recorded their food intake for seven days.

Swedish Mammography Cohort (SMC)

In 1987-90, all women, born in 1914—1948, and living in the counties of Vést-
manland, Uppsala were invited to participate in the population-based mam-
mography screening program. Included with the invitation was a question-
naire about family history of breast cancer, marital status, age at first child-
birth, diet- and alcohol intake, education, weight, and height. The initial aim
was to study the relations between dietary intake and breast cancer risk. A
total of 90,303 women were invited and 66,651 (74%) responded to the first
questionnaire. After exclusion of those with an incorrect or missing personal
identity number, history of cancer (except non-melanoma skin cancer), death
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before baseline (1 January 1998), participants with an implausible energy in-
take (defined as 3 standard deviations from the loge-transformed mean energy
intake) the cohort consisted of 61,433 participants. Further, we excluded more
cases of cancer due to our code for cancer diagnosis compared to earlier stud-
ies, and thus the cohort consisted of 61,137 participants.

In 1997, a second questionnaire was sent to those women who were still
alive and living in the same area (n=56,030). The response rate was 70%. This
questionnaire was expanded with questions about smoking and snuff habits,
physical activity and exercise, sleep habits, waist and hip circumferences,
body weight across the life course, occupation, dietary supplements, diseases,
menopause, contraceptives, and use of hormones. Characteristics, including
age distribution, body mass index (BMI) and educational level, of the SMC
cohort are considered comparable to the Swedish population (139).

A third questionnaire, not including diet but including questions about gen-
eral health, disease diagnoses, body weight, height, waist and hip circumfer-
ences, dental health, medication use, sleep habits, urine and bowel habits, fam-
ily history of selected diseases, stress, and social support, was sent out in 2008
to those still alive who had participated in the survey in 1987 (n=48,263). The
response rate was 63% (n=30,621). A fourth questionnaire about lifestyle in-
cluding questions on diet and alcohol intake, physical activity, smoking habits,
sun habits and intake of dietary supplements was sent out in 2009 to those who
completed the questionnaire in 2008 (n=30,134). The response rate was 84%
(n=25,332) in this fourth survey (139).

Cohort of Swedish Men (COSM)

COSM was initiated in 1997 and is a population-based cohort. The aim was
to study relations between diet and lifestyle and chronic diseases. All men,
born in 1918-1952, and residing in the counties of Vistmanland and Orebro
(n=100,303) received a lifestyle questionnaire by mail and 49% responded
(n=48,850). Except for some gender-specific questions such as questions
about urinary tract symptoms (International Prostate Symptom Score [I-PSS])
the questionnaire was identical to the questionnaire used in SMC 1997. After
exclusion of those with an incorrect or missing personal identity number
(n=297), history of cancer (n=2592, except non-melanoma skin cancer), death
before baseline (before 1 January 1998, n=55) the cohort consisted of 45,906
participants. The characteristics of the participants in COSM were similar to
the Swedish population regarding age distribution, BMI and educational level
(139).

In 2008, the same questionnaire (except for some gender-specific ques-
tions) as used in SMC in 2008 was sent out to all still living COSM partici-
pants (n=37,861) and 78% responded. Those who completed the questionnaire
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in 2008 received the same questionnaire as the participants in SMC 2009 (ex-
cept for gender-specific questions). A total of 29,068 questionnaires were sent
out and the response rate was 90% (n=26,161).

Exposures

Dietary record Paper I and II

In Paper I and II the participants recorded their food intake for seven consec-
utive days using a pre-coded optically readable food record (ORFR) (140,
141). The participants were instructed by a dietitian or a nurse on how to per-
form the dietary record. The ORFR contained pre-printed dishes and food
items. Portion sizes had to be filled in, either as household measurement or
choosing from four pre-printed portion sizes illustrated by photographs. Also,
the amount of bread spread used was illustrated by photographs. Foods and
drinks that were not pre-coded could be written as free text. The food record
was read by an optical reader (Kaiser OMR 32) and free text was manually
typed into a computer. A computerized dietary assessment program (142) with
information from the National Food Administration food composition data-
base (SLV version 1990) was used to calculate each participant’s daily food,
energy, and nutrient intake. The ORFR was validated against a seven day open
ended weighted record (WT) in 73 participants in the ULSAM cohort. For
energy and energy-yielding nutrients the Spearman correlation coefficients
between the two methods intakes were moderate to high i.e. 0.4 to 0.6 (140).
Protein intake obtained from ORFR and WT were compared to calculated pro-
tein intake from 24-hour urine nitrogen excretion. Both dietary assessment
methods showed a lower intake of protein compared to the calculated protein
intake from the 24-hour urine nitrogen excretion. The agreement between the
methods was acceptable (140). Average daily vitamin D intake was
6.2 (£ 2.5) ug measured with the ORFR and 7.1 ( 2.3) pg measured with the
WR.

Dietary patterns

We calculated adherence to a modified version of HDI (55, 62, 143). In the
original HDI, nuts and seeds are included but these foods were excluded due
to low intakes in our population. We also replaced complex carbohydrates
with total carbohydrates and included a negative score for those with intakes
of sucrose above the desirable value. Pulses were included in vegetables. De-
pending on the nature of the nutrient of the component included in the score,
dietary variables were adjusted for energy intake either by the residual method
(52) (variables in g/day) or as nutrient densities (energy percent or g/MJ). HDI
can take a value of —1 to 8 p and if the participants intake were within the
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desirable range, they scored 1 point (p) for the following nutrients and foods;
saturated fatty acids (SFA), poly unsaturated fatty acids (PUFA), protein, total
carbohydrates, fiber, fruit and vegetables, cholesterol and fish. If the intake
was outside the desirable range or cut off, they scored 0 points, except for
sucrose where an intake above the cut off value yielded -1 p, otherwise O p.
The cut offs were based on the intake in the current population. The adherence
was classified as low (-1 to 1 p), medium (2-5 p), or high (6-8 p).

We calculated adherence to a modified Mediterranean score (57) that was
modified to suit Swedish dietary habits (62). As in the HDI, pulses were in-
cluded in vegetables and nuts and seeds were excluded due to low intakes.
Potatoes were included with cereals due to high intakes and thus contributing
to complex carbohydrate intake. During the time of the dietary investigation,
consumption of olive oil was low and saturated fatty acids (SFA) and mono-
unsaturated fatty acids (MUFA) had similar food origins in the Swedish diet.
MUFA were therefore replaced by polyunsaturated fatty acids (PUFA). We
calculated the median intake for all dietary variables (except for alcohol con-
sumption) of the population. An intake above the median intake for favorable
foods (PUFA/SFA, vegetables and legumes, fruit and berries, cereals and po-
tatoes, and fish) yielded 1 p and an intake above the median for unfavorable
foods (meat and meat products, and milk and milk products) yielded 0 p. An
alcohol consumption between, 10-50 g/d yielded 1 p, given that the ratio of
aspartate aminotransferase (AST)/alanine aminotransferase (ALT) was less
than 2. This was done to reflect moderate alcohol intake and avoid a favorable
score for heavy drinkers. The mMDS score could take a value of 0—8 point.
Individuals were group as low (<2 p), medium (3-5 p), or high (>6 p) adherent
to the mMDS.

We calculated adherence to the LCHP diet by dividing each participant’s
intake of carbohydrates and protein into deciles. Carbohydrate intake gave
points from 10 to 1 where the highest intake gave the lowest score. Con-
versely, protein intake gave points from 1 to 10 where the highest intake gave
the highest score (62, 63, 144). These points were added and the LCHP score
could thus take a value from 2-20. Adherence was classified as low (<6 p),
medium (7-15 p) or high (>16 p).

The cutoffs for adherence to each dietary pattern were chosen in order to
compare extreme groups of comparable and reasonable sizes (62) and the low
adherent group served as reference in analyses. The continuous variables cor-
respond to a 2-point increase in the HDI and mMDS scores and a 4-point in-
crease in the LCHP score.

Vitamin D

Vitamin D intake

Vitamin D intake was assessed based on the food records in ULSAM, as de-
scribed above. Information on use of vitamin D supplements, both dosage and

27



frequency, were taken from the baseline questionnaire. We added supplemen-
tary vitamin D (n=37) to dietary vitamin D to obtain total vitamin D intake.

Plasma 25(OH)D

Plasma samples were drawn after an overnight fast and stored at -70°C until
analysis. The maximum storage time was 15 years (137), and 25(OH)D has
been proven to be stable in stored plasma (145). We measured 25(OH)D with
HPLC atmospheric pressure chemical ionization-mass spectrometry (HPLC—
mass spectrometry) (Vitas, Norway) (146, 147). We used total 25(OH)D, in-
cluding both 25(OH)D3 and 25(OH)D; since concentrations of 25(OH)D, were
low. The coefficient of variation was 7.6% at 47.8 nmol/L and 6.9% at
83.0 nmol/L for 25(OH)D: in the interassay analysis (146).

Genetic risk score (GRS)

Two single nucleotide polymorphisms in genes involved in vitamin D synthe-
sis and with no known pleotropic effect (148, 149) were selected to create a
genetic risk score (GRS). To create the GRS, we added the number of alleles
that were associated with higher 25(OH)D concentrations in two single nucle-
otide polymorphisms: rs12785878 in the 7-dehydrocholesterol reductase gene
(DHCRY7; the T allele is associated with higher 25(OH)D) and rs12794714 in
the vitamin D 25-hydroxylase gene (CYP2RI; the G allele is associated with
higher 25(OH)D) (148, 149). Thus, a higher GRS score is associated with
higher 25(OH)D concentrations. We had information on single nucleotide pol-
ymorphisms in 1087 participants from the examination in 1991-1995.

Food frequency questionnaire Paper III and IV

We collected information about usual dietary intake with a validated food fre-
quency questionnaire (FFQ). The FFQ was sent out to participants to collect
information about usual dietary intake during the past 6 months for FFQ1 in
1987 and during the past year for FFQ2 in 1997, and FFQ3 in the 2008/2009
survey. FFQ1 included 67 items of foods and beverages. In the next surveys,
the FFQ was expanded with additional food and beverage items (FFQ2 con-
tains 96 items, and FFQ3 contains 132 items) (150). For each food item, the
participants could choose how often they consumed each food; 0, 1-3 times
per months, 1-2, 3-4, 5-6 times per week, or 1, 2, or 3+ times per day (or 4+
in FFQI1). The FFQ also included open questions for some commonly con-
sumed foods and beverages such as bread, coffee, tea, soft drinks and dairy
foods. Participants recorded their daily consumption (number of 200 ml
glasses) of skimmed milk (<0.5% fat), reduced-fat milk (1.5% fat), regular
milk (3% fat or higher), reduced-fat yogurt and sour milk (0.5% fat), and reg-
ular fat yogurt and sour milk (3% fat) (151). We summed the number of
glasses per day for milk and fermented milk separately. In the first FFQ1 used
in the SMC baseline survey, frequencies of milk and fermented milk were

28



summed up separately and multiplied with age-specific portion sizes (152).
Missing information on milk and fermented milk were treated as zero con-
sumption in the main analyses (153, 154).

We calculated the average energy and nutrient intake per day by multiply-
ing the frequency of each food item by the nutrient or energy content in age-
specific portions of each food, obtained from the Swedish National Food
Agency database (155).

The FFQ was validated, in a randomly selected subsample of 129 women
from SMC, against four 7-day weighted food records completed every third
month. The Pearson correlation coefficient for milk intake was approximately
0.7 and for sour milk/yogurt for 0.7 between FFQ and the food records (136,
152) (A Wolk, unpublished data, 1992). Furthermore, the FFQ was validated
against fourteen 24-h recall interviews in 248 Swedish men in Uppsala
County. The Spearman rank correlation coefficient was 0.65 for macronutri-
ents and 0.62 for micronutrients (0.77 for calcium for which milk is a major
source) between FFQ and the 24-h recall interviews (156). The reproducibility
of FFQ was also investigated among these men and the reproducibility be-
tween FFQs investigated with one year apart indicated a high degree of repro-
ducibility (intraclass correlation for macronutrients was approximately 0.7)
(156).

Outcome

We used different approaches for assessment of main outcomes. In Paper I
and II, all participants’ medical records were reviewed to identify cases of
dementia and time of diagnosis. In addition, cognitive function was measured
in some participants. In Paper III and IV, we used data from Swedish registers
to identify cases of PD and cases of stroke and time for the diagnosis.

Case ascertainment and follow-up, Paper I and 11

Cognitive function was screened by Mini-Mental State Examination (MMSE)
(17) at baseline (age 71) and at the follow-up examinations at the age of 77
years and 82 years. MMSE is a commonly used screening tool for cognitive
impairment and includes 20 questions covering areas on temporal and spatial
orientation, immediate and delayed memory, attention and calculation, lan-
guage, ability to follow commands and figure coping. The maximum score is
30 and a score <24 has been used as a cut off for indication of pathologic
cognitive impairment (17, 157). If the participants had low scores, indicating
cognitive impairment, they were recommended to make an appointment at the
Memory Clinic, Uppsala University Hospital for a memory assessment. The
vast majority of all incident cases of dementia in ULSAM were captured at
the Geriatric Memory Clinic or at the Geropsychiatric Department, Uppsala
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University Hospital. Results from the examination and diagnosis were regis-
tered in the patients’ medical record. Two experienced geriatricians reviewed
all participants’ medical records to track all incident cases of dementia (until
December 2005 for Paper I and until December 2009 for Paper II), from the
Uppsala University Hospital, Uppsala primary care and nursing homes (158).
A third geriatrician reviewed the case if the first two disagreed on the classi-
fication of the case. AD was defined according to the National Institute of
Neurological and Communication Disorders and Stroke and Alzheimer’s dis-
ease and Related Disorders Association criteria (159) and the Diagnostic and
Statistical Manual of Mental Disorders (Fourth Edition) criteria (160). Vascu-
lar dementia was diagnosed according to the criteria of Chui et al. (161), and
cases with concomitant AD and vascular dementia were allocated to this
group. Cases of dementia without neuroimaging or sufficient clinical details
in medical records to set a specific subtype diagnosis were classified as un-
specified dementia (158). All type-dementia as in Paper I and all-cause de-
mentia as in Paper Il included AD, vascular dementia, frontotemporal demen-
tia, Lewy body dementia, unspecified dementia, and Parkinson disease with
dementia. Time of diagnosis was noted and used for time to event analysis.

The stage of manifest dementia is preceded by mild cognitive impairment.
In Paper I, we defined the diagnosis all-type cognitive impairment in order to
include cases of cognitive decline not fulfilling the dementia criteria. MMSE
was measured at baseline (age 71) and at follow-up (age 82 years). All-type
cognitive impairment was defined as all-type dementia and/or >3 points de-
cline in MMSE over the 12-y period and/or MMSE <25 points at follow up
(at the age of 82). In Paper II, cognitive impairment was defined as a decline
in the MMSE >3 points over the 12-y period or an MMSE score of <25 points
at follow-up. Since information on MMSE was incomplete at baseline and at
follow-up, we considered all-type cognitive impairment and cognitive impair-
ment as secondary outcomes.

Register data, Paper III and IV

We identified incident and previous PD and stroke cases, until the end of fol-
low-up (i.e., 31 December 2019), by linking participants’ national registration
number (assigned to each Swedish resident) to the Swedish National Patient
Register (NPR) and the Cause of Death Register. The NPR was initiated in the
1960’s by the National Board of Health and Welfare and contains information
on all patients at public hospitals. The Ministry of Health and Welfare and the
Federation of County councils decided in 1984 that all-inpatient (hospital) so-
matic and psychiatric care in Sweden would be included in the registers. Since
1987, all in-patients are included and from 2001 also outpatient visits to pri-
vate and public healthcare providers, including doctor (specialist) visits, day
care surgery and psychiatric care are included in the NPR (162). Information
about patients in primary care is not included. The information in NPR covers
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four areas; patient data including personal registration number, sex, and age;
geographical data including county council, hospital/clinic and department;
administrative data including information such as date of admission and dis-
charge and length of stay, medical data including main and secondary diagno-
sis (coded according to the Swedish version of International Classification of
Diseases; ICD), external cause of injury and poisoning, and procedures. Over-
all, the NPR has high validity and the coverage of in-patient is almost 100%
but a little less for some private clinics (162). The loss of main diagnosis in
2019 for inpatient care was 1.0% and for specialized outpatient care 2.8%
(163).

The Swedish Cause of Death Register is administered by The National
Board of Health and Welfare and was introduced in its current form in 1952.
The register contains information about the causes of deaths in the Swedish
population, both living in Sweden and outside of Sweden (164). The cause of
death is coded according to the international version of ICD-codes and WHO
(164, 165). The completeness of the cause of death is considered very high
with a lack of information of cause of death in only 0.9 % of all registered
deaths in 2015 (164).

To classify PD, we used the following ICD codes: 332.0 (ICD-9, 1987-96),
and G20 (ICD-10, 1997-2014), 350 (ICD-7, 1964-68), 342 (ICD-8, 1969-86).
The PD diagnoses from Swedish registers have been validated in a Swedish
twin study where the twins were screened for PD. The accuracy for PD diag-
noses was 70.8% and sensitivity 72.7% between the registers and the twin PD
study (166).

To classify total stroke, we used the ICD-9 codes 430, 431, 433, and 434
and the ICD-10 codes 160, 161, 163 and 164. Total stroke was divided into
cerebral infarction (ICD-9 codes 433 and 434, and ICD-10 code 163) and hem-
orrhagic stroke (ICD-9 codes 430 and 431, and ICD-10 codes 160 and 161).

Assessment of covariates

We used current knowledge and the directed acyclic graph (DAG) method to
select covariates (167) (Paper II-IV). DAG is a graphical tool for visualizing
and identifying causal relationships and biasing paths for the research question
and helps us to understand whether conditioning on a covariate will increase
or decrease bias (167, 168).

In Paper I and II, information on possible covariates were collected from
baseline examinations, questionnaires, and interviews (1991-1995). Systolic
and diastolic blood pressure (in the supine position), blood glucose, serum
cholesterol, and body weight and height were measured at baseline. Body
mass index (BMI; kg/m?) was calculated as weight divided by the square of
height. Apolipoprotein E (APOE) was genotyped (absence of e4 alleles versus
presence of at least one of the e4 alleles) (169) and used in Paper I. Hyperten-
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sion was defined as systolic blood pressure >140 mm Hg, diastolic blood pres-
sure >90 mm Hg, or treatment with an antihypertensive medication. Hyper-
cholesterolemia was defined as a serum cholesterol concentration
>6.5 mmol/L or treatment with cholesterol-lowering medications. Diabetes
was defined as a fasting plasma glucose concentration >7 mmol/L or treatment
with a diabetes medication. From the questionnaires and interviews, we col-
lected information on smoking status (never, former, or current); educational
level (low [6—7 y], medium [high school], or high [college or university]);
health status; living conditions, and physical activity level (sedentary, moder-
ate, regular, or athletic) (42). Season of blood collection was defined as sum-
mer (May 1 to October 31) or winter (November 1 to April 30) and used in
Paper II. Energy intake was calculated from the 7-day dietary record. Alcohol
consumption was categorized as abstainers, consumers, or daily consumers.

In Paper III and IV, information on covariates was collected from the ques-
tionnaires and from the National Patient Registry. Smoking status, walking/bi-
cycling in the past year (never/seldom, < 20 min/day, 20-40 min/day, 40-60
min/day, 1-1.5 hours/day, >1.5 hours/day), exercise in the past year
(< 1 hour/week, 1 hour/week, 2-3 hours/week, 4-5 h/week, >5 h/week), BMI
(from self-reported height and weight), educational level, living alone, hyper-
tension, hypercholesterolemia, diabetes mellitus, supplement use, total energy
intake, consumption of coffee, soft drinks and juice, alcohol, fruits and vege-
tables, processed meat, and total- and saturated fat were all collected from
questionnaires. From the National Patient Registry, we retrieved information
on inpatient treatment to be used in the Charlson’s weighted comorbidity in-
dex (170, 171). Questions on smoking, physical activity, supplement use, hy-
pertension, hypercholesterolemia, and diabetes were not included in the first
investigation in 1987 and we therefore used information on these variables
from the 1997 investigation.

Ethics

Ethical approval was sought and approved by the Regional Ethical Review
Board in Uppsala or Stockholm for all studies in the thesis. The studies on PD
and stroke were additionally approved by the Swedish Ethical Review Au-
thority. All research was performed in accordance with the declaration of Hel-
sinki. Participation in the studies was voluntary and the participants were free
to withdraw the study at any time. All participants gave their written informed
consent.

Statistical analysis

For all main outcomes in this thesis, we used time to event analysis. Time at
risk from the decided baseline date until the date of the first diagnosis, date of
death, or end of follow-up, were calculated for all outcomes except for all-
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type cognitive impairment and cognitive impairment. In the main analysis, we
used Cox proportional hazards regression to estimate hazard ratios (HR) with
95% confidence intervals (CI) for the association between exposure and out-
come. In this model it is assumed that the relative hazards are constant over
time which means that what affects the hazard does this with the same ratio at
all times, the hazards are proportional (172). The proportional hazard assump-
tion can be checked in different ways; by visual inspection of Kaplan-Meier
curves and log-log plots (used in Paper I-III) or by testing of Schoenfeld re-
siduals with graphical confirmation of the result (used in paper I'V).

We used logistic regression to estimate odds ratios (OR) with 95% CI be-
tween dietary intake and all-type cognitive impairment in Paper I and between
vitamin D and cognitive impairment in Paper II. Logistic regression was used
because there was no information on exact date for all-type cognitive impair-
ment, because dementia diagnosis and results from MMSE were pooled to-
gether. We chose to use logistic regression analysis for cognitive impairment
in Paper II for the same reason.

We investigated potential nonlinear trends between exposure and the main
outcomes by restricted cubic spline Cox regression with three knots placed at
the 10th, 50th, and 90th percentiles of the distribution of the exposures (Paper
[I-IV) (173). In Paper I, non-linearity was tested by introducing a square term
of the exposure in the models.

All analyses were carried out in Stata 11 to Stata 15 (StataCorp, College
Station, Texas, USA).

Missing data

Complete case analysis including only available data on exposure, outcome
and covariates was used in the analysis in Paper I. In Paper 11, we used the last
value carried forward technique for covariates with missing information. In
Paper III and Paper IV, missing information on covariates were imputed by
multiple imputation using chained equations (twenty imputations).

Paper I

The study population was based on 1138 men with complete dietary records
from ULSAM. Participants with self-reported diabetes were excluded in paper
I (n=67) due to possible recent dietary changes after dietary advice. Also ex-
treme over-and under reporters of energy intake were excluded according to
Willet’s recommendations (52). Participants with a reported energy intake
>4200 kcal/d (n=1) and <800 kcal per day (n=4) were excluded. After these
exclusions we calculated adherence to the dietary patterns in the remaining
men (n=1066). We further excluded participants with diagnosed dementia at
baseline and those with weight loss exceeding 10% between 60—70 years of
age due to potential serious illness before baseline. The final study population

33



included 1038 men. According to AD criteria, stroke cases with aphasia can-
not be diagnosed as AD and we therefore censored stroke cases with aphasia
in the main analysis and excluded those in the logistic regression analysis
(Figure 2). In the logistic regression with all-type cognitive impairment as out-
come, participants with stroke (with aphasia), those who died without a de-
mentia diagnosis during follow-up, or were alive with no dementia diagnosis
but not participating in the follow-up at age 82 were excluded; 564 individuals
remained (143 with all-type dementia, 55 with cognitive impairment, and 366
with no cognitive impairment).

We adjusted for energy intake (continuous) in model 1. In model 2, we
adjusted for energy intake (continuous), educational level, physical activity,
smoking, single household, and apolipoprotein E (APOE) genotype (absence
of e4 allele versus presence of at least one e4 allele).

In sensitivity analyses, we repeated all analyses in a subpopulation (n=654)
defined according to the Goldberg’s cut-off for mis-reporters of energy intake
(Figure 2) (62, 174). This is a stricter definition of under- and overreporters of
energy intake. In brief, reported energy intake (EI) is compared to energy ex-
penditure (EE). If the person is weight stable, then EI= EE. EE constitutes of
the basal metabolic rate (BMR) multiplied by the physical activity level
(PAL). This can also be expressed as E:BMR=PAL. PAL from EI:BMR can
then be compared to expected PAL. In reality, PAL from EI:BMR and ex-
pected PAL cannot be exactly similar due to measurement errors and therefore
confidence intervals have to be calculated. In the Goldberg method, cut offs
for lower and upper limits of reasonable energy intake is created. In this study,
BMR was calculated by Schoenfeld’s equation based on age, sex, height and
weight (175, 176). The PAL value used in the calculation for lower and higher
cut offs are based on physical activity questionnaire and modified by Sjogren
et al (62) (sedentary PAL 1.4, moderately active PAL 1.5, regularly active
PAL 1.6, and athletic PAL 1.7). For each participant, an individual 95% CI
for PAL (EI:BMR) was calculated and compared to the reported EI:BMR. We
compared the reported EI:BMR with the individual calculated 95% PAL
(EI:BMR) value. If the reported EI:BMR was not within the upper or lower
limit they were classified as low or high energy reporters and were excluded.

Paper 11

The study population consisted of 1182 men in ULSAM with plasma
25(OH)D concentrations after exclusions of dementia diagnosis or stroke with
aphasia (Figure 2) before baseline and within two years after baseline (n=12).
In the analysis of dietary vitamin D intake, 1101 participants were included
after exclusions of extreme reported energy intakes (n=5). For the analysis of
genetic risk score, 1087 men were eligible. We analyzed the associations of
dietary vitamin D and plasma 25(OH)D concentrations, both as continuous
variables and predefined scores, in relation to AD, vascular dementia, and all-
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cause dementia. Dietary vitamin D intake was divided into tertiles: <4.7,
>4.7-6.5, and >6.5 pg/d. The predefined categories for plasma 25(OH)D were
<50, >50-75, and >75 nmol/L. The highest category was used as reference
category in the analysis. The GRS was analyzed as a continuous variable. We
used Cox proportional hazards regression in the analysis of AD, vascular de-
mentia, and all-cause dementia. Measurements of cognitive impairment was
available in 488 men and logistic regression analysis was used to analyze the
association between vitamin D and cognitive impairment. Potential nonlinear
trends were investigated by restricted cubic splines with three knots placed at
the 10th, 50th, and 90th percentiles of the distribution (43). We used 5 mg/d
as the reference point for dietary vitamin D and 50 nmol/L as the reference
point for plasma 25(OH)D concentrations. In the analysis of vitamin D intake,
we adjusted for age and energy intake in model 1. Model 2 further included
BMI, education, physical activity, and smoking. Model 3 included covariates
in model 2 and diabetes, hypertension, and hypercholesterolemia (as categor-
ical variables). In the analysis of plasma 25(OH)D, we used three models for
adjustments. Model 1 included age and the season of blood collection. Model
2 further included BMI, education, and physical activity. Model 3 included
covariates in model 2 and smoking, diabetes, hypertension, hypercholesterol-
emia (as categorical variables), vitamin D supplements, and alcohol intake
(yes or no). In the analysis of GRS, no adjustments were made in model 1.
Model 2 included age, season of blood collection, BMI, education, and phys-
ical activity.

Paper 111

Paper III included participants from SMC and COSM and baseline for this
study was the 1997 survey. The study population consisted of 81,915 partici-
pants (36,664 women and 45,271 men) after exclusions of women and men
with an incorrect or a missing personal identity number, those with a history
of cancer or death before baseline, implausible energy intake (defined as 3
standard deviations from the log-transformed mean energy intake in women
and men separately) and a PD diagnosis before baseline (Figure 3). Milk and
fermented milk intakes were assessed with FFQ and PD cases were identified
through the Swedish registers as described above. In the main analyses, time
at risk of PD for each participant was calculated from baseline (January 1,
1998) until the date of PD diagnosis, date of death, or end of follow-up (De-
cember 31, 2014), whichever came first. Cox proportional hazards regression
models with age as time scale was used to estimate HRs and 95% ClIs for
categories of milk (Q1; <40 mL/day, Q2; 40-159 mL/day, Q3; 160-200
mL/day, Q4; >201-400 mL/day, Q5; >400 mL/day) and fermented milk in-
take (Q1; <40 mL/day, Q2; 40—159 mL/day, Q3; 160—200 mL/day, Q4; >201
mL/day). The category with the lowest intake was used as reference. Potential
nonlinear trends between milk and fermented milk intake and incident PD
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were assessed by restricted cubic splines as described above. In the main
model, we adjusted for sex through stratification, smoking status, (never, for-
mer with <20 pack-years, former with 220 pack-years, current with <20 pack-
years, or current with 220 pack-years), educational level (<9 years, 10—12
years, >12 years, or other), alcohol and coffee consumption (both continuous),
total energy intake (kcal/day; continuous), BMI (continuous), physical activ-
ity (walking/bicycling and exercise during the previous year; categorical) and
living alone (yes/no), total fruit and vegetable intake, vitamin and mineral sup-
plement use (yes/no). The model further included fermented milk (in analyses
of milk) or milk intake (in analyses of fermented milk).

Paper IV

Paper IV included participants from SMC and COSM. Information on milk
and sour milk, and yogurt consumption was assessed in 1997 and 2008/2009
and we used the information to time update our analysis on exposure and co-
variates. We used information from the 1987-90 survey in SMC in sensitivity
analysis. The study population in the main analysis included 79,618 partici-
pants (35,892 women, 43,726 men) after exclusions of participants with an
incorrect or a missing personal identity, those with a diagnosis of stroke or
cancer or who died before baseline (those who had answered the FFQ but died
before the decided starting date for every baseline), and those with implausible
energy intakes, defined as 3 standard deviations from the log-transformed
mean energy intake in women and men separately (Figure 4). Further, we ex-
cluded 567 participants with an implausible energy intake defined as 3 stand-
ard deviations from the loge-transformed mean energy intake. Those with a
reported intake <861 kcal/day and >7311 kcal/day were excluded thus leaving
45,339 participants in the cohort.

Time at risk was calculated, in main analyses for the pooled cohorts and
for each cohort (SMC, and COSM) separately, from January 1st 1998 until the
date of the first stroke diagnosis, date of death, or end of follow-up (December
31st 2019), whichever came first.

Potential nonlinear associations of milk and fermented milk intake with in-
cident total stroke, cerebral infarction, and hemorrhagic stroke were assessed
by restricted cubic spline Cox proportional hazards regression. As reference,
we used 100 g/d and we derived HR estimates based on the spline curve at
intakes of 200 g/d, 400 g/d, 600 g/d, and 800 g/d. In model 1 we adjusted for
sex through stratification and age (using splines). In model 2 we adjusted for
sex, age, educational level (<9 years, 10—12 years, >12 years, or other), living
alone (yes/no), smoking status (current, former, never), physical activity
(walking/bicycling and exercise during the previous year; categorical), BMI
(continuous), history of hypertension (yes/no), hypercholesterolemia (yes/no),
and diabetes mellitus (yes/no), coronary heart disease, Charlson’s weighted
comorbidity index (continuous), vitamin- and mineral supplement use
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(yes/no), and intakes of total energy (kcal/day; continuous), fruits and vegeta-
bles (servings/d; continuous), processed meat (servings/day; continuous), soft
drinks and juices (servings/day; continuous), alcohol (g/day; continuous), cof-
fee (cups/day; continuous), fermented milk (in analyses of milk; categorical)
or milk (in analyses of fermented milk; categorical), total fat (g/day continu-
ous), and saturated fat (g/day continuous). In sensitivity analysis we also in-
vestigated associations in SMC with start in 1987-90 and updated information
as described above.

Time updated information

In paper IV, information on exposures and covariates were available for
SMC from the 1987-90, 1997, and 2008/2009 investigations. For COSM, in-
formation on exposures and covariates were obtained first in 1997 and then
in 2008/2009. Usually, only the first time point for exposure information is
used in analysis. In time-updated analyses, the exposure information (milk
and fermented milk intake) is updated when new information is available.
Each participant’s follow-up time is split into periods and both exposure and
covariates are updated at the beginning of each period. For the main analy-
sis, this was done once; in 2009. For the SMC sensitivity analysis, it was
done twice; in 1997 and 2009. As usual, each participant is followed until an
event (stroke), censoring or end of follow-up. This allows for taking changes
in exposures into account in the analysis.
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Figure 2. Flow chart for exclusions and outcomes, Paper I and Paper I1.

'All type dementia and/or >3 points decline in MMSE and/or < 25 points at follow up. 2143
men with all-type dementia and 55 with cognitive impairment as determined by MMSE. 366
individuals had no cognitive impairment according to MMSE. 379 men with all-type dementia
and 26 with cognitive impairment as determined by MMSE. 222 individuals had no cognitive
impairment according to MMSE. #>3 points decline in MMSE and/or < 25 points at follow up.
The analysis included 488 men. °The analysis included 473 men. "The analysis included 471
men.
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Figure 3. The Swedish Mammography Cohort (SMC) and the Cohort of Swedish
Men (COSM), paper II1.
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Figure 4. The Swedish Mammography Cohort (SMC) and the Cohort of Swedish
Men (COSM), paper IV.

Food Frequency questionnaire; (FFQ)

2Cohort after exclusions of incorrect or missing personal identity number, history of cancer, and
implausible reported energy intake.

Exclusions; Death before January 1st 1998, n=41; history of cancer before January 1st 1998,
n=1608; implausible reported energy intake (cutoffs: 574 kcal/day and 4699 kcal/day), n=476;
stroke diagnosis before January 1st 1998, n=581.

*Number of individuals after exclusions of death before baseline.

dExclusions; History of cancer diagnosis before April 14th 2009, n=2403; implausible reported
energy intake (cutoffs: 610 kcal/day and 5315 kcal/day), n=212; stroke diagnosis before April
14th 2009, n=900.

°Exclusions; History of cancer January 1st 1998, n=187; implausible reported energy intake
(cutoffs: 862 kcal/day and 7303 kcal/day) n=562; stroke diagnosis before January 1st 1998,
n=1431.

fExclusions; History of cancer diagnosis before April 14th 2009, n =1742; implausible reported
energy intake (cutoffs: 834 kcal/day and 7371 kcal/day) n=183; stroke diagnosis before April
14th 2009, n=1085.

40



Results

Baseline characteristics of the study populations are presented in Table 1.

Table 1. Baseline characteristics of the study populations. Paper I and Paper II in-
cluded participants from the Uppsala Longitudinal Study of Adult Men (ULSAM).
Paper I1I and Paper IV included participants from the Swedish Mammography Co-
hort (SMC) and the Cohort of Swedish Men (COSM).

Characteristics Paper [ Paper 11 Paper 111 Paper IV
Number 1038 1182 81915 79618
% Women 0 0 44.7 45.1
Age, years 71.0 (0.6) 71.0 (0.6) 61.5(9.5) 61.3(9.5)
Weight, kg 80.3 (11.2) 80.4 (11.5) 752 (13.1) 749 (23.1)
Height, cm 174.9 (5.8) 174.8 (6.0) 172 (8.9) 171.3 (8.9)
Body mass index, 26.2 (3.3) 26.3 (3.4) 254 (3.6) 254(3.7)
kg/m?

Mean (SD) if not otherwise stated.

Paper I

The whole population consisted of 1038 participants and the mean age was 71
years. Participants with low adherence to HDI and mMDS, had lower educa-
tion and were more likely to be current smokers compared to those with high
adherence to these dietary patterns. Those with low adherence to LCHP com-
pared to high adherers had a lower BMI, were less frequently current smokers,
and had lower attained educational level. There were no major differences in
energy intake or other baseline characteristics between low, medium, or high
adherers in any of the dietary patterns (except higher C-reactive protein for
high adherers to LCHP).

Those with high adherence to LCHP had higher intakes of meat products,
cheese, milk products, lower intakes of fruit and berries, lower intakes of jam,
soda, dessert and cake than low adherers to LCHP. Total fat intake was also
higher in high adherers to LCHP as well as intakes of SFA, PUFA, and MUFA
compared to low adherers.

The mean follow-up time was 11.6 years, with 10,940 person-years at risk,
and during this period we identified 84 men with AD, 143 men with all-type
dementia, and 198 men with all-type cognitive impairment. We observed no
associations between adherence to HDI and any of the outcomes studied or
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with adherence to a Mediterranean-like diet and AD or all-type dementia (Fig-
ure 5). An inverse association was observed between adherence to mMDS and
all-type cognitive impairment and a direct association was observed between
adherence to LCHP and all-type dementia, although the ClIs included 1. The
adjusted OR for all-type cognitive impairment was 0.82 (95% 0.65, 1.05) for
mMDS (continuous) adherence and the adjusted HR for all-type dementia was
1.16 (95% CI1 0.99, 1.37) LCHP (continuous) adherence.

Alzheimer's disease

4.0
o
T 30
=
@
]
= 204
o
o
2
E 1.0+——— —_— —— ] —_—— —
0.04
T T T T T T T T T
Low Medium High Low Medium High Low Medium High
Adherence to HDI Adherence to mMMDS Adherence to LCHP
All-type dementia
4.0
o
T 3.0
el
@
N
£ 204
o
@
g
? 1.0+——eo— —_ — —_ —_—— | — —
0.04
T T T T T T T T T
Low Medium High Low Medium High Low Medium High
Adherence to HDI Adherence to mMDS Adherence to LCHP
All-type cognitive impairment
4.0+
8 4
B 3.0
0
=]
-g 2 O_
o A
o
]
=
Z 10— ee— _— *.—%4—;.— —
0.0+
T T T T T T T T T
Low Medium High Low Medium High Low Medium High
Adherence to HDI Adherence to mMDS Adherence to LCHP

Figure 5. Risk estimates for Alzheimer’s disease, All-type dementia, and All-type
cognitive impairment in relation to adherence to each diet in the whole population.
Published in licentiate thesis, 2016.

42



The subpopulation according to the Goldberg cut off consisted of 564 partici-
pants and the number of cases was reduced to almost half of the original pop-
ulation (Figure 6). We identified 44 men with AD, 79 men with all-type de-
mentia, and 105 men with all-type cognitive impairment. No association was
found between adherence to HDI and any of the outcomes. There was an in-
verse association between adherence to mMDS and AD and all-type dementia
but the CIs included 1. The risk estimates for LCHP and All-type dementia
and all-type cognitive impairment were lower and the Cls wider in this sub-
population compared to results from the whole population (Figure 6).
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Figure 6. Risk estimates for Alzheimer’s disease, All-type dementia, and All-type
cognitive impairment in relation to adherence to each diet in the subpopulation.
Published in licentiate thesis, 2016.
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Paper 11

The mean age at baseline was 71 years. Among the 1182 men and during a
maximum follow-up of 18 years (median: 12 y and 14,093 person-years at
risk), 116 were identified with AD, 64 with vascular dementia, 250 with all-
cause dementia, and 80 with cognitive impairment.

The median total vitamin D intake, including vitamin D supplements
(n=37), was 5.5 ng/d (range: 4.3—7.1 mg/d). A total of 370 participants had a
lower intake than 4.7 pg/d (Figure 7).

The mean (SD) plasma 25(OH)D concentration was 68.7 (19.1) nmol/L. A
total of 183 participants had plasma 25(OH)D concentrations <50nmol/L and
20 participants had concentrations <30 nmol/L (Figure 8).

Table 2 shows that a higher genetic risk score (GRS) was associated with
higher concentrations of plasma 25(OH)D; 57.5 (18.3) nmol/L for the GRS=0
and 70.9 (22.4) for GRS=4.

Total vitamin D intake pg/day

Frequency
150 200

100

50

e ey T T T —

0 5 10 135 20

Tertile 1 Tertile 2 Tertile 3
=47 >4765 =265
n=370 n=364 n=367

Median intake 5.5 pg/day

Figure 7. Distribution of total vitamin D intake.
Published in licentiate thesis, 2016.
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Plasma 25(0OH)D nmol/l
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n=10 n=183 n=562 n=437
Mean: 68.7 nmol/L

Figure 8. Distribution of 25(OH)D in plasma.
Published in licentiate thesis, 2016.

Table 2. Plasma 25(OH)D by genetic risk score

Genetic risk score Plasma 25(OH)D nmol/l
medel + SD

57.5+18.3
67.5+18.1
67.6+17.2
70.2+£19.2
70.9 +£22.4

AW~ O

We observed no associations of dietary vitamin D intake, plasma 25(OH)D,
or GRS with AD, vascular dementia, all-cause dementia, or cognitive impair-
ment in any of the analyses, including analysis of potential non-linear associ-
ations with adjusted restricted cubic-spline Cox proportional hazards regres-
sion analysis (Figure 9 and Figure 10). The adjusted (model 2) HRs for the
continuous GRS was 0.96 (95% CI 0.70, 1.18) for AD, 1.08 (95% CI 0.82,
1.42) for vascular dementia, 1.04 (95% CI 0.91, 1.19) for all-cause dementia,
and adjusted OR 1.03 (95% CI 0.80, 1.34) for cognitive impairment.
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Figure 9. HRs (solid line) and 95% Cls (dotted lines) of all-cause dementia accord-
ing to total vitamin D intake (n = 1101) including vitamin D from the diet and from
vitamin D—containing supplements. Values were estimated with the use of a re-
stricted cubic-spline Cox proportional hazards regression—analysis model with an in-
take of 5 mg/d as the reference and were adjusted for age, BMI, education, physical
activity, energy intake, and smoking. Vertical bars represent the distribution of total
vitamin D intake.
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Figure 10. HRs (solid line) and 95% CIs (dotted lines) of all-cause dementia accord-
ing to plasma 25(OH)D concentrations (n = 1182). Values were estimated with the
use of a restricted cubic-spline Cox proportional hazards regression—analysis model
with a concentration of 50 nmol/L as the reference and were adjusted for age, season
of blood collection, BMI, education, and physical activity. Vertical bars represent
the distribution of plasma 25(OH)D.
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Paper 111

The mean age at baseline was 61 years. Comparing individuals in the highest
category of milk consumption to individuals in the lowest category of milk
consumption, participants were a little older, more likely to have higher BMI,
to have higher total energy intake, lower level of education, to live alone, and
to consume less fruit, vegetables and vitamin and mineral supplements. The
mean follow-up was 14.9 years (median 17 years and 1,220,072 person years
at risk) and during this period 1251 incident cases of PD (475 cases in women
and 776 cases in men) were identified among the 81,915 participants. Com-
pared with no or low milk intake (<40 mL/day), HRs for PD were higher
among those consuming more milk (HRs 1.14-1.29) and there was no dose-
response relationship between milk consumption and risk of PD (Figure 11).
No association between fermented milk consumption and incident PD risk was
observed.

16-

1.4
B

1.29 1.29
. ® ®
ko]
@ 1.2 1194
1.14

g ®
N
(1]
I

10 1.00'

0.8

<40 40-159 160-200 201-400 >400

Milk intake, mi/day

Figure 11. Adjusted hazard ratios for milk intake and incident Parkinson’s disease in
the whole study population (the Swedish Mammography Cohort and the Cohort of
Swedish Men).
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Paper IV

The mean age at baseline was 61.3 years. The mean follow-up was 17.7 years
and during this period the consumption of milk intake decreased, and con-
sumption of fermented milk increased among the participants (Table 3). The
mean intake per day in 1997 for SMC and COSM was 260 g (281) for milk
and 160 g (201) for fermented milk. Participants who consumed less than 200
g/d of milk had, on average, higher alcohol consumption than those who con-
sumed more than 200 g of milk per day. Individuals who had an intake of 600
g of milk per day or more had, on average, greater BMI, higher energy and
soft drink intake, lower fruit and vegetable intake, and were less likely to use
vitamin- and mineral supplements, lower attained educational level, be current
smokers and live alone compared to those who had an intake of less than 600
g of milk per day.

Table 3. Milk and fermented milk intake among participants in The Swedish Mam-
mography Cohort and The Cohort of Swedish Men in 1987, 1997, and 2009.

1987-1990 1997 2009
Milk g/day, Milk g/day, Milk g/day,
mean (SD) mean (SD) mean (SD)
The Swedish 244 (202) 230 (248) 213 (251)
Mammography
Cohort
The Cohort of 285 (303) 257 (291)
Swedish Men
Fermented milk Fermented milk Fermented milk
g/day, mean (SD) | g/day, mean (SD) | g/day, mean (SD)
The Swedish 97 (108) 175 (202) 209 (260)
Mammography
Cohort
The Cohort of 149 (198) 188 (262)
Swedish Men

Among the 79,618 participants, there were 1,407,536 person-years at risk dur-
ing which 9735 incident cases of total stroke were identified (7573 were cer-
ebral infarctions, 1470 hemorrhagic strokes, and 692 unspecified strokes). No
association was observed between time-updated information on milk con-
sumption and risk of total stroke (Figure 12, panel a). A non-linear association
was observed between milk consumption and cerebral infarction, such as that
milk intake below 100 g/day was associated with a higher risk and intakes
between 100-500 g/day were associated with a modestly lower risk but the CIs
were wide (Figure 12, panel b). A higher intake of milk was associated with
higher risk of hemorrhagic stroke (Figure 12, panel ¢). No associations were
observed between fermented milk consumption and any of the stroke out-
comes. Sensitivity analysis including time-updated information from 1987-90
in SMC showed similar results as the main analysis.
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Figure 12. Hazard ratios (solid line) and 95% confidence intervals (gray shaded
area) for milk consumption and (panel a) total stroke, (panel b) cerebral infarction,
and (panel ¢) hemorrhagic stroke in The Swedish Mammography Cohort and the
Cohort of Swedish Men. 100 g/day was used as reference. The distribution of milk
intake is shown in the histogram. Time at risk was accrued between 1 January 1998
and 31 December 2019, with time-updated information in 2009.
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Discussion

In these papers we have studied various aspects of diet in relation to cognitive
disorders, Parkinson’s disease, and stroke in different Swedish populations.

Main findings

No strong associations were found between adherence to dietary patterns and
risk of incident dementia and cognitive function. Vitamin D assessed in three
different ways, was not associated with incident dementia and cognitive func-
tion. Fermented milk consumption was not associated with PD or stroke. Milk
consumption was associated with incident PD but not in a dose-dependent
manner. There was some evidence of a weak non-linear association with milk
consumption and cerebral infarction and a positive association between milk
consumption and hemorrhagic stroke.

Main findings in comparison with other studies
Paper I

Numerous studies have investigated associations between healthy dietary pat-
terns and their impact on cognitive function and cognitive decline. Emerging
research suggests that healthy dietary patterns (66) preferably plant-based di-
ets and especially the Mediterranean diet protects against, cognitive impair-
ment, cognitive decline, and dementia (75, 177). However, the vast majority
of the studies have investigated associations with healthy dietary patterns
(mostly adherence to the Mediterranean diet) and cognitive outcomes, while
fewer studies have investigated associations between dietary patterns and in-
cident AD and dementia. Our study was among the first to examine the rela-
tionship between dietary patterns and dementia diagnosis and cognitive im-
pairment in a northern European population. Focus will now mainly be on AD
and dementia because cognitive function has been measured in many ways in
studies and it is therefore difficult to compare studies. Moreover, AD and de-
mentia were our main outcomes.

Surprisingly few studies have investigated the association between HDI
and AD or dementia (66). We observed no associations between HDI and any
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of the outcomes studied, while adherence to HDI was associated with lower
risk of AD and dementia in a Finnish study comprised of 385 participants. The
follow-up was longer than in our study but with fewer participants (178).
Among older American and Europeans a greater adherence to the HDI was
not associated with reduced rates of cognitive decline measured with MMSE
and modified MMSE (179) while another study observed that adherence to
HDI was associated with better cognitive function and slower cognitive de-
cline measured with different tests among middle aged persons in the Nether-
lands (180).

Contrary to several (70-72, 181-183) but not all (73) studies, we did not
find an association between adherence to Mediterranean-like diet and incident
AD. Most of the studies where high adherence to the Mediterranean diet was
associated with lower risk of AD had a follow-up of less than 5.5 years, which
is shorter than the follow-up in our study. Since AD has a long prodromal
phase, it is important that the follow-up is not too short to prevent reverse
causation.

We did not find an association between adherence to Mediterranean-like
diet and all-type dementia, which is in line with other studies. Higher adher-
ence to the Mediterranean diet was not associated with risk for incident de-
mentia in 1410 women and men (mean age of 75.9 years) in France with a
mean follow-up of 4.1 years (73). Furthermore, no association was observed
between the Mediterranean diet and cognitive impairment or dementia inves-
tigated in a cohort of 1220 Australian men and women followed for 12 years
(184). Among 28,775 Swedish adults (=65 years of age) with a mean follow
up of 12.6 years and 3755 participants diagnosed with dementia, no associa-
tion was found between adherence to the Mediterranean diet and risk of de-
mentia (76). No association was found between adherence to the alternate
Mediterranean diet score and probable dementia (in elderly American women)
(185) or with incident dementia in the Atherosclerosis Risk in Communities
(ARIC) Study in the U.S (186). High adherence to a Mediterranean diet, was
associated with a lower risk (20%) of overall dementia, in a Spanish cohort,
compared to those with low adherence to Mediterranean diet, where the par-
ticipants were followed for over 20 years (187). However, the authors of the
Spanish study pointed out that the protective effect of Mediterranean diet on
the risk of dementia was only seen after excluding 30% (n=7204) of the par-
ticipants who were classified as mis-reporters of energy intake (187). These
results are similar to the results in our subpopulation where mis-reporters of
energy intake were excluded according to the Goldberg cut off. Exclusion of
these participants both in the Spanish and our own cohort might introduce se-
lection bias which will be discussed in the methodological part of the thesis.

Comparison of dietary patterns

The composition of dietary patterns varies between studies which makes it
complex to compare studies (188). When using the Mediterranean diet score,
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we have to acknowledge that several investigated populations do not have tra-
ditionally Mediterranean dietary habits. The scoring of the Mediterranean diet
is usually based on the population’s median intake of foods and the median
serves as the cut-off. Differences in cut-offs for nutrients and foods as well as
adjusting for setting of the populations’ dietary intake may contribute to dif-
ferences in results (73, 189). We had to adjust the foods included in the origi-
nal Mediterranean score to a Swedish dietary setting as described in the
method section. A major difference in our population compared to populations
around the Mediterranean is the low intake of olive oil, seeds, and nuts, which
are key components in the Mediterranean diet. However no association was
found in a French cohort with a traditionally high intake of olive oil between
Mediterranean diet and dementia (73), while in other populations with a lower
consumption of olive than in the Mediterranean found that adherence to Med-
iterranean diet was associated with lower risk of AD (71).

The WHO recommends whole diet approaches to prevent cognitive decline
and dementia (190), and has highlighted the Mediterranean diet as protective
but have also stated that prevention of cognitive decline and dementia with the
Mediterranean diet is moderate and not harmful (190). The result in our study
is in agreement with the statement that adherence to HDI and mMDS is not
harmful.

Contrary to Roberts et al who observed a reduced risk of dementia with
high percentage of protein intake dementia (191), we found a weak association
between high adherence to LCHP and higher risk of incident all cause demen-
tia. Few other studies have investigated the association between LCHP and
AD and dementia (52). Volek et al, criticized that low adherers in our popula-
tion are not really adherent to a low carbohydrate diet since carbohydrates
should contribute to less than 30 E% to be defined a low carbohydrate diet
(192). High adherers to LCHP in our cohort had a median carbohydrate intake
of 42 E% and a median protein intake of 17.5 E% which is not extreme.

Paper 11

We observed no associations of vitamin D, measured as vitamin D intake,
measured with a 7-day dietary record, plasma concentrations of 25-hy-
droxyvitamin D (the major clinical biomarker of vitamin D status), or a vita-
min D synthesis genetic risk score using Mendelian randomization, with AD,
vascular dementia, all-cause dementia, or cognitive impairment. The median
reported vitamin D intake was half of the official recommended intake for this
age group but despite this, very few participants (15.5%) had low
(<50 nmol/L) plasma 25(OH)D concentrations. Only 10 participants (0.8%)
had plasma 25(OH)D concentrations < 25 nmol/L. Exact absolute values of
intakes are difficult to establish due to potential misreporting of what is eaten
and the exactness with which the food database can capture nutrients in the
reported diet. For the plasma vitamin D concentrations, we used the gold
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standard method (HPLC-mass spectrometry). In comparison to the gold stand-
ard, other methods produce results with lower concentrations (193).

Few prospective observational studies have investigated associations be-
tween vitamin D intake and AD and dementia. Unlike the results in our study,
a higher vitamin D intake was associated with a lower risk of AD in a study
among women in France (93) and a lower risk of dementia in a multiethnic
study including both women and men in the US (94). Both these studies had
shorter follow-up periods compared to our study and the loss of follow-up was
51.2% in the French study and 21.3% in the US study while there was no loss
to follow-up in our study.

Our findings of no association between plasma 25(OH)D and AD or de-
mentia are consistent with studies conducted in Europe (100) and North Amer-
ica (99, 101, 103). However, a large dose response meta-analysis including 10
cohorts (79, 80, 82, 83, 99-102, 194, 195) and 28,640 participants (our study
was included) observed a 7% lower risk of AD and 5% lower risk of dementia
for every 10 nmol/L increase in 25(OH)D (196). In two other meta-analyses
(197, 198), it was shown that only very low concentrations of vitamin D were
associated with higher risk of dementia, whereas moderately low levels were
not. Of note is that very few participants in our study had vitamin D defi-
ciency.

We observed no associations between the genetic variants involved in the
vitamin D synthesis and AD or all-cause dementia. No associations were ob-
served between a combined synthesis score, with the same single nucleotide
polymorphisms (SNPs) as in our study, and cognitive performance including
172,349 participants (199). We only included two SNPs as instruments for
circulating 25(OH)D with no known pleotropic effects (148, 149). Other MR
studies have reported an inverse association between genetically higher
25(OH)D concentrations and AD risk (81, 104, 107, 108). However, the ge-
netic instruments used were different from ours and included four to seven
SNPs. These studies included SNPs in the vitamin D binding protein gene
which (GC), which may have pleotropic effects and is thus not a suitable ge-
netic instrument (148, 200-202). Presence of pleotropic effects violates one of
the main assumptions in MR studies (148). In these studies, one of the SNPs
(rs12785878 in the gene DHCR?7) was not significantly associated with AD,
neither in our study nor in the other MR studies (81, 104, 107, 108).

So far there is no evidence from randomized controlled trials (RCTs) that
vitamin D supplementation would have an impact on cognitive function or
risk of dementia (203, 204). RCTs generally have shorter follow-up periods
than observational studies, which is a limitation especially regarding the long
prodromal phase of dementia, where long follow-up periods are needed.

Dissimilar results between studies may also be due to the fact that very few
participants in our study had low concentrations of plasma 25(OH)D. The
method for analyzing vitamin D concentrations may differ between studies.
An overestimation of the proportion of vitamin D insufficiency analyzed with
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DiaSorin chemiluminescence immunoassay compared to HPLC/MS has been
observed (193). Further, different methods for ascertainment of dementia may
influence the results as discussed below.

Even if we were unable to demonstrate associations between vitamin D and
dementia and our study is small, all three ways of measuring vitamin D point
in the same direction which is a strength of this study. If different research
methods are applied to examine the same research question and show similar
results, these are more likely to be robust (205).

Paper 111

We found a weak higher risk of PD associated with milk consumption (non-
fermented milk) but there was no dose-response relationship, that is, the risk
of PD did not increase with increasing milk consumption. Similarly, a recent
Mendelian randomization study found that a genetic variant near the LCT gene
and which is associated with lactase persistence and higher milk (non-fer-
mented) consumption was associated with an increased risk of PD (206).
Other observational studies (119-123) also show similar results, although
most display a dose-response association. Given the lack of dose-response re-
lationship between milk consumption and PD risk in our study, this associa-
tion needs to be interpreted with caution and needs further study. Even if al-
ready small amounts of milk could influence PD risk, it is also possible that
milk drinkers may differ from nondrinkers and low consumers of milk with
respect to other risk factors and we cannot exclude influence of residual con-
founding. We observed no association between fermented milk intake and PD
in our Swedish population, which is in line with previous studies (120-122).

Paper IV

We found that a higher long-term milk consumption based on repeated
measures of intake was not associated with total stroke, weakly and non-line-
arly associated with lower risk of cerebral infarction and higher risk of hem-
orrhagic stroke. Fermented milk consumption was not associated with any
stroke type. Our results highlight the importance of repeated measurements of
food intake, separate analyses of milk and fermented milk consumption, and
to study stroke types separately.

Our results are in line with those from three large European cohorts where
no association for milk consumption and total stroke was observed (127-129).
By only studying total stroke we may mainly capture associations with cere-
bral infarction (ischemic stroke), which is the predominant form of stroke
(78% of all strokes in our study). Using cerebral infarction as outcome, our
findings are also in accordance with results from several other studies and a
meta dose response analysis where milk intake was observed to be inversely
associated with ischemic stroke (cerebral infarction) (126, 127, 131, 207).
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However, other studies observed no association or that a high milk consump-
tion was associated with lower risk of hemorrhagic stroke (127, 133-135),
while a higher milk consumption was associated with higher risk of hemor-
rhagic stroke in our study. Reasons for these discrepant results are unclear and
there are only few studies with hemorrhagic stroke as outcome.

A recent MR study found no association between lactase persistence pre-
dicted milk intake and risk of total and cerebral infarction (208).

We observed no association between fermented milk intake and cerebral
infarction, which is in line with a previous review and meta-analysis (131) but
not with a dose response meta-analysis with total and fatal stroke as outcomes
that observed nonlinear associations between fermented milk intake and both
cerebral infarction and hemorrhagic stroke (135). Differences in results may
be due differences in fermented dairy products included in the studies and
possibly also due to publication bias (135).

Methodological considerations

Bias

Bias is a weakness or a systematic error in the design, collection, execution,
analysis, interpretation, or publication of a study and may result in incorrect
associations between exposure and outcome (172). In this section, I will dis-

cuss different methodological considerations and biases and how they may
have influenced the results.

Study populations

All four papers included in this thesis are based on data from population-based
prospective cohort studies with long follow-up time. Participants in the studies
were obtained from the general population. Even though we do not have in-
formation of those who did not participate in the studies and the participation
rate was lower for COSM compared to the participation rate in ULSAM and
SMC, all studies are considered to be representative of the general population
(139, 209). The men and women who volunteered to participate in the studies
might have been healthier than non-participants. For example, one of the orig-
inal aims in ULSAM was to identify high risk individuals of cardiovascular
disease for treatment. Even if participation is non-differential with respect to
exposure and outcome, it has been suggested that longitudinal studies with
repeat examinations where the healthiest participants are those that return may
suffer from selection bias (210). One way to limit this bias is to adjust for
factors related to participation (210). In this thesis, covariates selected as con-
founders are to a large extent also associated with participation and any influ-
ence of such bias would therefore be reduced.
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In this thesis, the main outcomes were studied with time-to-event analysis.
Loss to follow-up can be a problem with long follow-ups and can lead to bi-
ased results (172). We had almost no loss to follow-up since all medical jour-
nals were reviewed for the participants in ULSAM and outcomes were ascer-
tained though national registers with little or no loss to follow-up for partici-
pants in SMC and COSM.

There were very few participants with low concentrations of 25(OH)D in
study II, which is in line with previous studies in community-dwelling people
(211, 212) in Sweden. Therefore, in the future it would be more relevant to
study vitamin D and dementia in another context for instance in a population
with low vitamin D status.

Generalizability

Primarily only Caucasians participated in the studies and therefore our results
may not apply to other ethnic group with potentially different dietary habits,
genetic susceptibility, and prevalence of risk factors. The results in paper 1I-
IV might not apply to other ethnic groups since there are differences in con-
centrations of plasma 25(OH)D and vitamin D-binding protein and intolerance
of milk between ethnic groups (213).

In paper III and IV both women and men were studied but in paper I and II
only men were studied, which is a limitation. At the time when ULSAM was
initiated cardiovascular disease was common among men and it was consid-
ered that mostly men were affected.

All studies included in the thesis were done on middle aged people and the
results may therefore not apply to younger people or to children.

Reverse causation

A strength with prospective studies is that the exposure is measured before the
outcome which limits revere causation. When studying associations with neu-
rodegenerative diseases, reverse causation needs special attention since the
progression of the disease usually starts between 5 to 20 years before the first
classical clinical symptoms (5, 214, 215). Early subtle symptoms such as re-
duced smell (215) and constipation (32, 216) may change dietary intakes. This
indicates that the follow-up time should not be too short. All studies included
in the thesis had long follow-up of more than 10 years. Also due to ascertain-
ment of diagnoses both by review of medical journals and through registers
we could exclude all identified cases before baseline. Repeated measurements
including cognitive function was performed before baseline in Paper I and
Paper II and thus we might have captured participants with early symptoms.
Further, we excluded dementia cases diagnosed within two years of follow-up
in paper II and PD cases within the first 3 years of follow-up in paper III (in
sensitivity analysis) to limit the risk of reverse causation which we may should
have done in paper I as well. In sensitivity analysis in paper IV, we also ex-
cluded the first three years of follow up.
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Other considerations

ULSAM is a small but well-defined cohort with many of the variables meas-
ured. It can be argued that the ULSAM cohort is too small especially for MR
studies as in Paper II. However, a causal relationship was found in ULSAM
using the MR approach (217), which indicates that if the effect is large enough
the causal effect can be detected even in a small study.

In SMC and COSM most variables except those from the registers were
self-reported. With self-reporting there is a potential risk of reporting error, as
discussed below. However, the use of self-reported questionnaires made it
possible to study a large number of people. A large number of people rendered
a large number of cases which made it possible to study association with not
only incident PD but also cerebral infarction and hemorrhagic stroke, sepa-
rately. Since the associations between diet and multifactorial disease is prob-
ably modest, we needed a large number of participants to detect possible as-
sociations.

Measurement of dietary intake

In nutritional epidemiology, we study the impact of diet on health and disease.
To measure dietary intake and capture habitual intake is difficult. Most dietary
assessment methods rely on self-reported intake with inherited measurement
errors. However, all measurements have some form of measurement error and
both the method’s accuracy and knowledge about the method’s limitations is
crucial for interpretation of the results.

The intention in our studies was to capture habitual dietary intake. There
are however several reasons for misreporting habitual intake. Misreporting of
intake is probably not the same for the entire population, some sub-popula-
tions under report energy intake to a higher degree than others, further specific
foods and meals are misreported to a greater extent than others (218-222).
High BMI has been associated with underreporting of energy intake (220, 222,
223).

In Paper I and 11, participants recorded their intake for seven consecutive
days and the recording itself might have influenced their dietary intake. Also,
it can be argued that one week of dietary recording is not enough to capture
habitual dietary intake. The FFQ measures habitual intake over a period of
time and relies on the participant’s memory. Whether the habitual intake is
reflected by the FFQ also relies on the number of food items included, whether
the food items cover foods specifically related to the research question and
whether portion sizes are included. Inaccurate recall of diet and social desira-
bility bias may lead to misclassification of exposure. The desire to report in-
take in a certain way, maybe due to the norms of society, may also influence
the reported intake. At the time of the surveys for SMC and COSM milk and
fermented milk were not considered to be healthy or unhealthy foods and there
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was probably no reason for under- or overreporting milk and fermented milk
intake due to social desirability. Because of the prospective design of the stud-
ies and the long follow-up, the misclassification is however unrelated to the
outcome and would probably result in attenuated associations.

When we study associations with dietary intake it is implied that the dietary
intake is stable during follow-up. In Paper III (in sensitivity analysis for SMC)
and Paper IV we had the advantage of repeat measurements and could thus
capture potential changes during follow-up which would increase precision
and accuracy compared to only one measurement. A limitation in Paper I and
II is thus the lack of repeated measurements of dietary intake, vitamin D and
plasma 25(OH)D.

Both methods for dietary assessment used in this thesis have been validated
and have shown moderate to high agreement with the method it has been val-
idated against (140, 156, 224). The methods have also shown to be reproduc-
ible (224). Even though the methods are acceptable there are some more con-
cerns that needs to be mentioned. A validation study for the food record used
in ULSAM revealed that the portion sizes may have been too small which
resulted in lower reported intakes compared to 24-h recalls (140, 225). This
may result in systematic underestimation of energy intake for all participants,
but since we are interested in the relative comparison between participants this
is of less concern when the full study population is included (140). However,
this may also contribute to the large proportion of participants being classified
as under reporters, as discussed below.

There will be misreports of dietary intake in all studies and the question is
how to further deal with this problem? Extreme reporters of energy intake, as
described in the method section, were excluded and dietary variables were
adjusted for energy intake to limit misclassification and misreporting (52). We
then adjusted for energy intake in the analysis. When adjusting for energy in-
take the effect of over- and underreporting will be “cancelled” or diminished
since nutrients and total energy come from the same foods (52, 226).

In sensitivity analysis in Paper I, we excluded over- and underreporters of
energy intake according to the Goldberg method. There are certain assump-
tions to be addressed. The PAL values that we used in the equation were not
measured but arbitrarily chosen and applied on responses from self-reported
physical activity estimated with four questions. If the participants systemati-
cally overestimated their physical activity due to social desirability, the calcu-
lated energy expenditure would be higher than the true energy expenditure and
participants would to a higher degree be classified as underreporters of energy
intake. What is more problematic, is that we might have introduced bias when
stratifying on selection, based on adequate reporters of energy intake accord-
ing to Goldberg. By excluding half of the population, we might have intro-
duced collider bias. In this case, both exposure and outcome may increase the
chances of selection and thus create a “downward” bias which means that we
can introduce a negative relationship between exposure and outcome if this
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bias is greater than a potential direct relationship (Berkson's bias) (227, 228).
This may explain differences in results between the whole population and the
subpopulation. For all-type dementia and in comparison to low adherence, the
HR for high adherence to mMDS in the whole population was 0.85 and 0.48
in the subpopulation of “adequate reporters”. Corresponding HRs for high vs
low adherence to the LCHP were 1.59 and 1.12.

Another concern is misclassification of missing information of milk and
fermented milk. In the main analyses, missing intake was classified as zero
intake. In sensitivity analyses, we excluded those with missing intake and re-
sults from the sensitivity analyses did not differ from the main analyses. If the
misclassification was random the precision of the association would be atten-
uated (confidence intervals larger) but if the misclassification was non-ran-
dom the estimate of the association could be changed in any direction and thus
result in spurious results. Fortunately, there was an additional question in the
FFQ on whether they consumed milk or not and 92% of those who did not
report milk consumption on the FFQ part reported that they did not consume
milk when posed this question (153).

The dietary methods used are valid for ranking an individual’s intake in
relation to others (52). Despite the efforts made, some degree of measurement
error in the assessment of dietary intake, vitamin D, milk and fermented milk
intake were inevitable, and this may have affected the observed associations.

Measurement of outcome

We had no loss to follow-up. In ULSAM, we captured all participants who
got a dementia diagnosis, since all ULSAM participants’ medical records were
examined. In SMC and COSM, incident cases of PD and stroke were identi-
fied by linkage with the Swedish National Patient and Cause of Death Regis-
ters (158, 162, 164). Furthermore, case ascertainment did not rely on self-re-
ported information and we therefore had no recall bias. In studies with self-
reported diagnosis or in studies with phone interviews there is a possibility of
recall bias or loss to follow-up. However, in the patient registers we only cap-
ture individuals who have been treated at the hospitals or have seen a special-
ist. This is of great importance since most patients with dementia are not
treated in hospital for these conditions and occurrences of dementia will there-
fore in most cases be secondary diagnoses. This was not a problem for the
diagnosis of dementia and AD in ULSAM (Paper I and II) since we had the
individual follow-up of the participants’ medical records and could capture all
participants who got a dementia diagnosis and not only the ones with severe
dementia or comorbidity. This is partly the case also for PD, especially early
in the progression of the disease. In the registers we might therefore have cap-
tured those with a more severe PD or PD with comorbidity. There is, therefore,
a possibility that the association between milk intake and incident PD instead
reveals an association with comorbidity or with severe PD instead of incident
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PD. With the diagnosis of stroke, we do not have that problem since almost
everyone with a potential stroke are referred to the hospital. The potential as-
sociations between poor diet and low vitamin D concentrations, as seen in
some other studies where only hospital registers were used for identification
of cases, might reflect morbidity instead of incident dementia (79, 82, 102).

In the analysis that included MMSE we had a loss to follow-up which may
have biased our results. It can be speculated that those who attended the fol-
low-up were healthier than those who did not and the non-participants may
have been cognitively impaired. In Paper I, we might have introduced selec-
tion bias when creating the diagnosis all-type cognitive impairment because
we excluded a significant number of participants where there was no infor-
mation on cognitive function measured with MMSE. Then, those with all-type
dementia was added to cognitive impairment. In the analysis only those with
MMSE and all-type dementia were included. Compared to the original cohort
this is probably a selected population and not representative for the original
population.

Confounding

Confounding, as described by Vandenbroucke et al, “produces relations that
are factually right, but that cannot be interpreted causally because some un-
derlying, unaccounted for factor is associated with both exposure and out-
come” (229). By using DAGs (in Paper I, III, and V), we tried to find out
whether a factor was a confounder that we had to adjust for, whether it was an
intermediate or a collider, and whether we introduced bias by adjusting or
stratifying for a variable. As mentioned earlier, we might have introduced se-
lection bias by stratifying on reported energy intake. Although we tried to con-
trol for confounding there is always the possibility of residual confounding,
either by unmeasured confounders or inaccurately measured confounders,
since in observational studies, there is no randomization of the participants. In
MR studies the confounding is minimized because genetic variants are ran-
domly allocated, as in Paper II where genetic variants for synthesis of vitamin
D were used. In Paper IV, we had repeated measurements and we could time-
update both exposures and covariates and thus capture possible changes dur-
ing follow-up.

Clinical implications

In a clinical sense, results from these studies do not imply any changes of the
current dietary recommendations concerning dietary patterns, vitamin D,
milk, and fermented milk in relation to AD, dementia, cognitive impairment,
PD, or stroke. Even though we did not observe that higher adherence to
mMDS and HDI were associated with lower risk of dementia, it is not harmful
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to recommend a healthy diet. We found a higher risk of hemorrhagic stroke
with higher milk intake and somewhat higher risk of dementia with higher
adherence to LCHP but further studies are needed to confirm these results.
Concerning vitamin D, there is no association between vitamin D (intake,
concentrations or genetic determinants) and dementia among community-
dwelling 71-year-old men. Thus, vitamin D supplementation in the general
population for decreasing the risk of dementia is not recommended.

Implications for future research

Dietary intake was measured at the age of 70 for participants in the ULSAM
study and the mean age in SMC and COSM was 62 years. Concerning the long
prodromal phase and the lack of knowledge when the disease is initiated it
would be valuable to study dietary intake at a younger age and follow these
individuals with repeat measurements. To capture all dementia and PD cases
we would need to incorporate the Swedish registers with a national register
from the primary care. Today there is no national primary care register that
covers the whole of Sweden. Otherwise, we need to identify cases as in UL-
SAM which would almost be impossible in large cohorts.

The pathophysiology of these diseases is very complex and therefore we
need not only to study dietary intake separately but also in combination with
other lifestyle factors. A composite score that includes dietary intake, social
activity and other lifestyle factors as in the FINGER trial (230) or Chicago
Health and Aging Project and the Rush Memory and Aging Project (231)
would be valuable. It would also be interesting to study associations with pat-
terns developed for targeting diseases in the brain as the Mediterranean-DASH
Diet Intervention for Neurodegenerative Delay diet but adapted to our dietary
habits as the Nordic diet. Also combining dietary intake, with objective meas-
urements of dietary intake, and MR studies is needed.
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Summary and conclusions

In this thesis we have studied various aspects of diet in relation to cognitive
disorders, Parkinson’s disease, and stroke in different Swedish populations.
No strong associations were found between adherence to dietary patterns and
risk of incident dementia and cognitive function. Vitamin D assessed in three
different ways was not associated with incident dementia and cognitive func-
tion. Milk consumption did not seem to have an important impact on the de-
velopment of PD. Fermented milk consumption was not associated with PD
or stroke. Nevertheless, there was some evidence of a weak non-linear inverse
association between milk consumption and cerebral infarction, but a positive
association between milk consumption and hemorrhagic stroke.

Paper I was one of the first studies that investigated dietary patterns in re-
lation to cognitive impairment in a population from Northern Europe. It was
also, to the best of my knowledge, the first to study adherence to the Low
Carbohydrate High Protein score diet in relation to cognitive impairment and
dementia. Paper II was the first study to examine vitamin D in three different
aspects and the impact on dementia. Of note is that we had complete and valid
ascertainment of dementia diagnosis in all participants in both Paper I and
Paper 11, which reduces misclassification of the outcome and potential bias. In
Paper III and IV, we investigated the effect of milk and fermented milk con-
sumption separately on the risk of PD and stroke (total and subtypes) in a large
cohort study that included both women and men with a wide range of both
milk and fermented milk intake. In Paper IV, we had repeated measurements
of dietary intake, which allowed us to time-update information on exposures
and covariates and thus capture diet and lifestyle changes and to improve pre-
cision and accuracy of the observed associations. We found that milk and fer-
mented milk consumption had different impacts on cerebral infarction and
hemorrhagic stroke, which demonstrates the importance of investigating dif-
ferent milk products and different stroke types separately.

In summary, no strong associations were found between the investigated
aspects of diet and common disorders and diseases in the brain. Our results do
not however indicate that it is harmful for cognitive disorders, PD, or stroke
to adhere do the official dietary recommendations which prevents many other
diseases such as diabetes and cardiovascular diseases. Despite the lack of
strong associations, the findings of this thesis have increased our knowledge
about the potential role of overall diet, vitamin D, and milk and fermented
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milk consumption in the prevention or development of common neurodegen-
erative diseases and stroke.
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Sammanfattning - Summary in Swedish

Demens, Parkinsons sjukdom (PD) och stroke ar vanliga neurologiska sjuk-
domar eller stérningar som drabbar ménga ménniskor. Aven om riskfaktorer
for demens, PD och stroke har studerats i stor utstrickning finns det fortfa-
rande forskningsluckor om kostens roll for utvecklingen av dessa sjukdomar.
Idag finns det symtomlindrande likemedel men fortfarande inget botemedel
mot vare sig Alzheimers sjukdom (AD), den vanligaste formen av demens,
eller PD. Darfor ar det viktigt att identifiera fordndringsbara riskfaktorer,
sasom kost, som paverkar risken for dessa sjukdomar. I min avhandling har
jag studerat om olika dieter och D-vitamin kan spela en roll for att forebygga
demens och kognitiv forsdmring och om konsumtion av mjolk och fermente-
rad mjolk paverkar risken att utveckla Parkinsons sjukdom och stroke hos
svenska medelalders och dldre kvinnor och mén.

De tva forsta studierna ér baserade pa data fran Uppsala Longitudinal Study
of Adult Men (ULSAM). Under perioden 1970-73 inbjods alla mén, fodda
1920-24 och bosatta i Uppsala lén, att delta i en hélsoundersokning i vilken
2322 av de 2841 inbjudna minnen deltog. Deltagarna har dérefter undersokts
regelbundet och den tredje undersdkningen som genomfordes 1991-95, nir
deltagarna var 71 &r, ar startdatum for studie I och II. Férutom métningar av
kroppsstorlek, blodprovstagning, minnestestning och hélsoenkiter, ingick
dven en kostundersokning.

Studie III och IV &r baserade pa data fran tva befolkningsstudier, the Swe-
dish Mammography Cohort (SMC) och Cohort of Swedish Men (COSM).
SMC-kohorten startade aren 1987-90 da alla kvinnor fédda 1914-1948 och
bosatta i Vastmanlands och Uppsala ldn blev inbjudna att delta i en studie i
samband med en kallelse till den forsta omgéngen av mammografiscreening.
Totalt bjods 90 303 kvinnor in varav 66 651 (74 %) svarade pa det forsta
frageformuléret. Enkéten inkluderade frdgor om kost och matvanor, civil-
stand, utbildning, vikt, ldingd och brdstcancer. Enkédtundersdkningen upprepa-
des sedan 1997 och 2008/2009 och da ingick &ven frdgor om bland annat fy-
sisk aktivitet och rokning. COSM startades 1997 och bestar av min, fodda
1918-1952 och bosatta i Vistmanlands och Orebro lin. Samma livsstilsfor-
mulér som skickades ut till kvinnorna i SMC 1997 skickades ut till 100 303
min och 49 % svarade (n=48,850) pé enkiten. Undersokningen upprepades
2008/2009.

I ULSAM registrerade 1138 av 1221 (73 %) deltagare sitt matintag, i en
forkodad matdagbok, under sju dagar. I SMC och COSM fick deltagarna svara
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pa om hur ofta de tit och druckit olika livsmedel under det senaste halvaret.
Har anvéndes ett livsmedelsfrekvensformulér (FFQ) for att undersoka matva-
norna. For att identifiera demensdiagnos har samtliga ULSAM-deltagares
journaler fran Akademiska sjukhuset i Uppsala, primérvard och &ldreboenden
granskats. Information om Parkinsons sjukdom och stroke inhdmtades fran
Patient- och dodsorsaksregistret.

I delarbete I undersokte vi hur tre olika kostmonster relaterar till utveckl-
ingen av demens, inklusive AD, och kognitiv férsdmring (demens + forsam-
ring pa kognitivt test) bland deltagarna i ULSAM. Vi foljde deltagarna i 12 ar
och under denna period utvecklade 85 av deltagarna Alzheimers sjukdom
(AD), 143 demenssjukdom (inklusive AD) och 198 kognitiv forsdmring (hér
ingar de med demenssjukdom och de som har en kognitiv forsimring men inte
fatt en demensdiagnos). Vi observerade inga samband mellan Healthy Diet
Indicator (hélsosamt kostmonster rekommenderat av vérldshélsoorganisat-
ionen, WHO) eller en modifierad Medelhavslik kost och insjuknandet i de-
menssjukdom eller forsémring av kognitiv funktion. Déremot fann vi en svag
tendens till att hog foljsamhet till en diet karaktiriserad av lagt kolhydrat- och
hogt proteinintag 6kade risken att insjukna i demens. Sammanfattningsvis ob-
serverade vi inga starka samband mellan kostmdnster och insjuknande i de-
menssjukdom.

I studie II undersdkte vi om Vitamin D matt pa tre olika sétt relaterar till
demenssjukdom, inklusive AD, vaskuldr demens och kognitiv forsdmring
(métt med Mini Mental Test) bland deltagarna i ULSAM. Vi {6ljde deltagarna
i 18 ar och under denna period utvecklade 116 deltagare AD, 64 deltagare
vaskuldr demens, 250 deltagare demenssjukdom (inklusive AD och vaskuldr
demens) och 80 deltagare kognitiv forsdmring métt med ett minnestest. Vi
observerade inga samband mellan vitamin D intag, plasma 25(OH)D (markor
for vitamin D-status) eller genetiskt risk score (gener involverade i vitamin D-
syntesen) och demenssjukdom eller kognitiv férsdmring.

I studie III studerade vi mjolk- och filmjolkskonsumtion (inklusive yog-
hurt) i relation till risk for Parkinsons sjukdom i SMC och COSM. Av de
81 915 deltagarna utvecklade 1251 PD under uppf6ljningen (genomsnittlig
uppfoljningstid 14,9 ar). Mjolkintag 6kade risken nagot for insjuknande i PD
1 jimforelse med de som inte drack mjolk. Dock ség vi inget dos-responssam-
bad vilket innebér att risken inte 6kade med 6kande intag av mjolk. Detta re-
sultat maste darfor tolkas med forsiktighet. Intag av fil- och yoghurt var inte
relaterat till PD.

I studie IV undersokte vi mjolk- och filmjolkskonsumtion (inklusive yog-
hurt) i relation till insjuknande i stroke i SMC och COSM. I denna studie an-
vénde vi oss av information fran de upprepade métningarna och kunde tids-
uppdatera data i analyser och pé sé sitt ta hénsyn till eventuella kostforénd-
ringar under uppfoljningen. Vi foljde i genomsnitt de 79 618 deltagarnai 17,7
ar och 9735 av deltagarna diagnostiserades med stroke, varav 7573 med cere-
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bral infarkt och 1470 med hjarnblddning. Vi fann inga samband med m;jolk-
konsumtion och stroke men vi fann ett svagt icke linjart samband mellan 6kat
mjolkintag och lagre risk for cerebral infarkt. Daremot 6kade risken négot for
hjarnblodning med 6kat intag av mjolk. Intag av filmjolk och yoghurt var inte
relaterat till stroke, cerebral infarkt eller hjarnblodning. Resultaten understry-
ker vikten av att studera dessa tva stroketyper separat och inte som totalstroke
samt att ocksa undersoka mjolk och filmjolk separat och inte som totalt intag
av mjolkprodukter.

Vi fann inga starka samband mellan olika dieter och uppkomst av demens-
sjukdom eller kognitiv forindring. Aven om vi vara resultat tyder pa att kosten
inte tycks ha en betydande roll i prevention av kognitiv svikt och demens sé
visar resultaten inte pa att det skulle vara skadligt att f6lja de allminna kostra-
den som forebygger andra livsstilsrelaterade sjukdomar. Vitamin D métt pa
tre olika sdtt var inte relaterat till demenssjukdom eller kognitiv fordndring.
Intag av mjolk verkar inte ha ndgon storre paverkan for uppkomst av PD. Vi
fann inga samband mellan fil- och yoghurtkonsumtion och PD. Intag av mjolk
minskade risken for cerebral infarkt men sambandet var icke linjért och svagt.
Diremot sag vi att ett 6kat intag av mjolk dkade risken nagot for hjarnblod-
ning. Trots att vi inte fann nigra starka samband har resultaten i denna av-
handling 6kat var kunskap om kostens betydelse for prevention av sjukdomar
1 hjérnan.
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