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TIIVISTELMA

Ravinnolla on tiedetty olevan vaikutuksia mielialaan, mutta vain vdhin johdonmukaisia
tutkimuksia on julkaistu. Tdma tutkimus mielialahdirididen ja ravinnon vilisistd yhteyk-
sistd perustuu kahteen aineistoon: syOvinehkdisytutkimukseen (SETTI) ja bipolaari-
kaksostutkimukseen. Masennuksen ja ravinnon saannin vilisten yhteyksien selvittdmiseksi
tutkittiin 29 133 keski-ikdistd suomalaista miestd, jotka tupakoivat. Michet osallistuivat
viestopohjaiseen seurantatutkimukseen 5-8 vuoden ajan. Ravinnon saanti on laskettu
ruokavaliokyselystd ja tiedot mielialasta saatiin kyselystd, jonka tutkittavat tdyttivdt 3
kertaa vuodessa. Vakavan masennuksen vuoksi sairaalahoitoon joutuneiden tiedot saatiin
sairaaloiden hoitoilmoitusrekisteristd ja itsemurhien tiedot viestorekisteristd. Bipolaari-
kaksostutkimuksessa aineisto on keritty yleisvédestostd. Henkil6t valittiin hoitoilmoitus-
rekisteristd, niiden joukosta joilla vuosien 1969-1991 aikana on diagnosoitu bipolaari-
h&irio. Niistid potilaista on vdestorekisteristd etsitty vuosina 1940-1969 syntyneet kaksoset
ja heille ldhetettiin kutsu tutkimukseen (n = 76). 67 tutkittavaa osallistui haastattelututki-
mukseen, jonka yhteydessd he tdyttivit kyselyn vuodeaikavaihtelun vaikutuksesta
mielialaan (SPAQ) ja myohemmin 39 tutkittavaa tdytti lisdksi ruoankayttokyselyn (FFQ)
ravinnosta ja Horne-Ostbergin (MEQ) kyselylomakkeen vuorokausimieltymyksisti.

Tutkimuksessa ei 16ytynyt tilastollisesti merkisevid yhteyksid ruoasta saatujen ravinto-
aineiden ja mielialan véliltd. Kuitenkin terveiden ja sairaiden ravinnon saannissa oli poik-
keavuuksia. Miehet, jotka olivat olleet sairaalahoidossa vakavan masennuksen vuoksi sai-
vat ravinnostaan enemmén seriinid ja lysiinid. Myoskin miehet, jotka ilmoittivat masen-
nuksen ja ahdistuksen tunteista sekd unettomuudesta kdyttivdat alkoholia enemmén kuin
terveet henkil6t. Bipolaaripotilaat saivat ravinnostaan Bj,-vitamiinia enemmaén kuin terveet
henkil6t. My6s bipolaaripotilailla oli terveitd enemmén vuodenaikavaihtelua unen pituu-
dessa ja mielialassa. Tdmin tutkimuksen tulosten mukaan ravinnon saannilla ja mielilalla
ei ole voimakasta yhteyttd. Lisdtutkimuksia tarvitaan selvittimiin ravinnon ja mielialan
vilisid yhteyksia.

Avainsanat: masennus, bipolaarihdirio, ravinto, uni, omega-3 rasvahapot, vitamiinit,
aminohapot
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SUMMARY

Diet has an effect on mood, but few studies have examined associations between dietary
intakes of nutrients and mood disorders. These associations warrant investigation. In this
work, two samples of study subjects were used. For major depressive disorder we studied
29,133 men involved for five to eight years in a prospective, population-based trial in
Finland (the Alpha-tocopherol, Beta-carotene (ATBC) Cancer Prevention Study). Nutrient
intakes were calculated from a diet history questionnaire. Self-reports of mood symptoms
were recorded three times a year, data on hospital treatment due to depressive disorders
were derived from the national Hospital Discharge Register, and suicides were identified
from death certificates. For bipolar disorder, all Finnish same-sex twins born from 1940 to
1969 were screened for a diagnosis of bipolar type I disorder (n = 76). Sixty-nine study
participants filled in the Seasonal Pattern Assessment Questionnaire (SPAQ), and 39
completed the Food Frequency Questionnaire (FFQ) and Morningness-Eveningness
Questionnaire (MEQ).

In present study, it found no significant associations between dietary intakes of nutrients
and mood disorders in this study. However, there were some variations in intakes of food
and nutrients between persons with mood disorders or mood symptoms compared with
healthy individuals. Two amino acids associated with major depressive disorder. Subjects
with symptoms of depression, anxiety or insomnia consumed more alcohol than healthy
subjects. The dietary intake of vitamin B, was greater in bipolar patients than in healthy
subjects. Moreover, those with bipolar disorder had greater seasonal changes in mood and
sleep length. These results do not support the view that dietary nutrient intakes have a
major role in mental health. Further studies are needed to explore associations and
connections between nutrient intakes and mental health.

Keywords: major depression, bipolar disorder, diet, sleep, omega-3 fatty acids, amino
acids, vitamins
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Alpha-Tocopherol, Beta-Carotene Cancer Prevention Study
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Diagnostic and Statistical Manual of Mental Disorders
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Food Frequency Questionnaire
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Global Weather Score

High Density Lipoprotein

International Classification of Diseases

Low Density Lipoprotein

Major Depressive Disorder

Morningness-Eveningness Score
Morningness-Eveningness Questionnaire

Seasonal Affective Disorder
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3 ABSTRACT

It is suggested that diet has an effect on mood, but only a few studies have explored
associations between dietary intakes of nutrients and mood disorders. The primary aim of
this study was to investigate possible associations between dietary intakes of amino acids,
omega-3 fatty acids and vitamins, and mood symptoms and disorders. Another study aim
was to assess circadian preference, sleep length and seasonal patterns in mood and
behaviour among twins with bipolar disorder, and whether seasonal changes influence

nutrient intake.

Methods

This work involved two samples of study subjects were used: one for major depressive
disorder, and one for bipolar type 1 disorder. For major depressive disorder, the study
population consisted of 29,133 male smokers aged 50 to 69 years who entered the Alpha-
Tocopherol, Beta-Carotene (ATBC) Cancer Prevention Study for 5-8 years. This was a
placebo-controlled trial to test whether supplementation with alpha-tocopherol or beta-
carotene prevents lung cancer. At baseline 27,111 men completed a diet history
questionnaire from which food and alcohol consumption and nutrient intakes were
calculated. The questionnaire on background and medical history included three items on
mental wellbeing, anxiety, depression and insomnia experienced in the past four months.
Self-reports of mood symptoms were recorded three times a year, data on hospital
treatment due to depressive disorders were derived from the national Hospital Discharge

Register, and suicides were identified from death certificates.

For bipolar disorder the data were taken from a study of all Finnish same-sex twins born
from 1940 to 1969 who were screened for a diagnosis of bipolar type I disorder (n= 76).
The diagnosis was assessed using a structured research interview (SCID). Sixty-nine of the
study participants filled in the Seasonal Pattern Assessment Questionnaire, and 39 of them
later completed the Food Frequency Questionnaire and Morningness-Eveningness

Questionnaire. For studying the persistence of habitual sleep and the consumption of
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alcohol and smoking of tobacco, data from the Finnish Twin Cohort Questionnaire were

used. Bipolar twins were compared with their healthy co-twins.

Results

There were no associations found between dietary intakes of amino acids, omega-3 fatty
acids or vitamins, and mood disorders and symptoms. Only two amino acids, serine and
lysine, associated with major depression, their intakes being higher higher in subjects with
depressive disorder than in healthy subjects. Energy intake was higher in men who
reported anxiety or depressed mood, and those reporting any such symptoms consumed
more alcohol. Dietary intakes of protein and vitamin B, were higher in those with bipolar
disorder than in healthy individuals. Bipolar patients also experienced larger seasonal

changes in sleep length and mood.

Conclusions

There was no significant association between dietary intakes of nutrients and mood
disorders in this study. However, there was some variation in intakes of food and nutrients
between persons with mood disorders or mood symptoms compared with healthy
individuals. These results do not support the view that dietary intakes of nutrients have a
major role in mental health, although more studies are needed to clarify the associations

found.
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4 INTRODUCTION

Mood disorders are a significant health problem throughout the world. Major depression is
estimated to be the fourth most important illness causing functional disability worldwide
and has been projected to become the second leading cause of disability worldwide by
2020 (Murray and Lopez, 1996; 1997). It is the fastest growing reason for early retirement
and in Finland major depression is the most common reason for early disability pensions
(Salminen et al. 1997; Finnish Centre for Pensions, 2005). Bipolar disorder is another
serious psychiatric disorder causing great disability. It is the sixth leading cause of
disability worldwide (Murray and Lopez, 1996). The estimated lifetime prevalence of
major depression ranges from 10 to 30%. The lifetime prevalence of bipolar I disorder is
0.24% in Finland (Peréld et al. 2007) and varies from 0.1 to 4.8% in general populations
worldwide (Rihmer and Angst, 2005).

Although there have long been suggestions that diet can have an effect on mood, very few
studies have investigated associations between dietary intakes of various nutrients and
mood disorders. It has been noted that there are differences in the diet of subjects with
depressed mood compared to the healthy subjects. Depressed subjects consume more
carbohydrates than healthy subjects and they have heightened preference for sweet
carbohydrates (Christensen and Somers, 1996; Christensen, 2001).

There have also been associations notes between deficiency of specific nutrients and mood
symptoms. Deficiency of certain vitamins (folate, vitamin B,,, and vitamin B,) can cause
depressive symptoms. It has been reported that depressed patients have low levels of folate
in their serum and red blood cells (Carney et al. 1990; Fava et al. 1997; Bottiglieri et al.
2000; Lerner et al. 2006). Tryptophan is a precursor for serotonin that is known to play a
key role in mood regulation. Tryptophan depletion produces depressive symptoms,
especially for depressed patients with remission (Neumeister et al. 1998; Spillmann et al.
2001). Societies with a high consumption of fish appear to have a lower prevalence of
depression (Hibbeln, 1998) and it has been reported that omega- 3 fatty acids may alleviate
the symptoms of mood disorders (Stoll et al. 1999; Su et al. 2003). However, there are also
conflicting findings (Marangell et al. 2003; Silvers et al. 2005). Against the
aforementioned background, the topic of this thesis appeared to offer a fruitful opportunity

for a more detailed analysis of the relationships between nutrition and mood disorders.
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S REVIEW OF THE LITERATURE

5.1 Mood disorders

Mood disorders include depressive and bipolar disorders. This study focuses on major

depressive disorder (MDD) and bipolar type I disorder.

5.1.1  Major depressive disorder

Public health

Major depression forms a significant health problem in many countries. It is estimated to
be the fourth most important illness to cause functional disability worldwide and has been
projected to become the second leading cause of disability worldwide by 2020 (Murray and
Lopez, 1996; 1997). It is the fastest growing reason for early retirement and in Finland
MDD is the most common reason for early disability pensions (Salminen et al. 1997;
Finnish Centre for Pensions, 2005). MDD also causes great individual harm to both

patients and their relatives.

Prevalence of depression

Finland’s the Health 2000 project reports the 12-month prevalence of MDD to be 4.9%
(Pirkola et al. 2005). MDD is more common among women than men (6.3% vs. 3.4%). In
the USA, the lifetime prevalence of MDD in the general population is 16.6% and the 12-
month prevalence was 6.7 percent (Kessler et al. 2005a; 2005b).

Clinical course

MDD is characterized by severe symptoms of depression. According to the Diagnostic and
Statistical Manual of Mental Disorders (DSM)-IV, MDD is defined as two or more weeks
of low mood or diminished interest in usual activites, combined with four or more of the

following symptoms: sleep alteration (increased or decreased), inappropriate guilt or loss
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of self-esteem, altered appetite (increased or decreased), diminished energy, diminished
concentration, psychomotor symptoms, or suicidal ideation (American Psychiatric
Associations, 1994). There is an increased risk of suicide in patients with MDD (Harris and
Barraclough, 1997). It has been estimated that lifetime risk of suicide is 6% for affective
disorders (Inskip et al, 1998). The average age of onset is the mid-twenties and for most
people episodes of MDD last from six to nine months. MDD may present as single or
recurrent episodes. The risk of relapse over a five- year period has been estimated to be as
high as 50-85% (American Psychiatric Association, 2000). An episode is considered to
have ended when the full criteria for the major depressive episode have no been fulfilled
for at least four consecutive months (Rush et al. 2006). Depressed patients often have
somatic symptoms. It is estimated that 69% to 92% of depressed patients have somatic
symptoms such as headache, chest pain, back pain and constipation (Kroenke and Price,
1993; Ebert and Martus, 1994; Simon et al. 1999; Corruble and Guelfi, 2000). Morover,
10% of patients with mood disorders have a seasonal pattern of recurrence (Faedda et al.
1993). Patients with seasonal affective disorder (SAD) have a seasonal pattern in their
symptoms. Depressed episodes typically occur in autumn or winter and usually followed
by recovery the following spring or summer. Fatigue, hypersomnia and increased appetite

are typical symptoms of SAD.

Etiology and pathogenesis of depression

MDD is a multifactorial, heterogenous disorder with a wide range of possible etiologial

factors. There are genetic, biological and environmental risk factors.

Heritability and genetic studies

MDD is a familiar disorder, with most of the familial aggregation resulting from genetic
factors (Sullivan et al. 2000). A meta-analysis of five methodologically rigorous twin
studies produced statistically homogeneous results and an aggregate estimate of the
heritability of MDD of 37% (Sullivan et al. 2000). Kendler et al. (2006) reported that the
heritability of liability to MDD was significantly higher in women (42%) than men (29%)
in the Swedish National Twin Study. Recently, molecular genetic studies of MDD and

gene-environmental interactions have been published. The most promising results have
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been found for polymorphisms such as the serotonin transporter gene linked promoter
region (HTTLPR) and brain-derived neurotrophic factor (BDNFV66M) genes in
depression (Kato, 2007). Recently, it has been found in a prospective birth cohort study
that a functional polymorphism of the serotonin transporter gene moderates the influence of

stressful life events on depression (Caspi et al. 2003).

Neurochemistry

It has been reported that certain monoamines (noradrenaline, serotonin, and dopamine)
have a role in the pathogenesis of MDD. Most of the anti-depressive medications act
through an increase in serotonin neurotransmission. It has been reported that depressed
subjects have reduced serotonin levels in platelets (Le Quan-Bui et al. 1984; Muck-Seler et
al. 1991). Reduced serotonergic transmission is associated with the pathogenesis of
depressive illness and suicidal behaviours (Asberg et al. 1976; Doris et al. 1999; Mann,
1999). There is increased serotonin transporter activity in the brain of the depressed
compared to healthy subjects (Malison et al. 1998; Reivich et al. 2004). Several studies
have demonstrated reduced concentrations of dopamine metabolites both in cerebrospinal
fluid and in brain in subjects with depression (Dunlop and Nemeroft, 2007). Althought the
neuroimaging studies support the hypothesis that major depression is associated with a
state of reduced dopamine transmission (Dunlop and Nemeroff, 2007). Traditional
antidepressants also increase the concentration of noradrenaline. It has been reported that
depressed subjects have altered noradrenalin receptor density, but there are also

contradictory findings (Brunello et al. 2002).

Environmental risk factors

Even if heritability of liability to MDD is significant in the etiology of the disorder,
environmental events account for a substantial portion of the variation in liability. There
are some environmental risk factors for MDD in the general population. Subjects with
stressfull and traumatic experiences, such as sexual abuse in early childhood, have
increased risk of MDD disorder (Kendler et al. 2004). Lindeman et al. (2000) reported that
factors associated with MDD were urban residency, smoking, alcohol intoxication, and

chronic medical conditions. Long term unemployment also seems to be an important risk
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factor to MDD (Hamélainen et al. 2001; 2005). Previously, unemployment was reported to

associate with mental disorders in the general population (Viinamaiki et al. 1995).

A recent review study reported a median prevalence of current or lifetime alcohol problems
in depression were 16% (range 5-67%) and 30% (range 10-60%), respectively (Sullivan et
al. 2005). It has been also reported that daily smoking is associated with MDD (Breslau et
al. 1998; Ferguson et al. 2003). Psychiatric patients generally have higher rates of tobacco
smoking than the general population in the USA (Hughes et al. 1986).

Deficiency of certain nutrients is another cause of depression; examples of such nutrients
are deficiency of vitamin Bg, vitamin B, and folate (Leklem, 1999; Scott and Weir, 1999;
Reynolds, 2002).

5.1.2  Bipolar disorder

Public Health

Bipolar disorder is a serious psychiatric disorder which causes great disability. It is the
sixth leading cause of disability worldwide (Murray and Lopez, 1996) and, like MDD,

causes great distress and suffering to both patients and their relatives.

Prevalence and epidemiology of bipolar disorder

The Health 2000 project reports that the lifetime prevalence of bipolar I disorder in Finland
is 0.24% (Perild et al. 2007). The estimated incidence of bipolar I disorder in the Finnish
population in the period 1970-1991 was 5.8 per 100,000 population (Kieseppé et al. 2000).
In other countries the lifetime prevalence has varied from 0.1 to 4.8% in general
populations (Rihmer and Angst, 2005). The lifetime prevalence of bipolar disorder in the
USA was 2.6% in general population.
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Clinical course

Bipolar disorder is characterized by mood swings that alternate between periods of mania
and periods of depression. According to DSM-IV (American Psychiatric Association,
1994), mania is defined as a distinct change in mood and functioning lasting at least one
week, and is characterized by a euphoric or irritable mood accompanied by symptoms such
as increased energy, decreased need for sleep, rapid thinking and speech, grandiosity, poor
judgement and impulsivity, and in some cases, psychotic symptoms. For patients with
bipolar disorder, episodes of mania are often followed by periods of MDD. Patients may
also have mixed mood states, in which the symptoms of mania and depression occur
simultaneously, or rapid cycling, where continuous or frequently shifting mood states

occur.

Seasonal recurrences have been found in 10% of patients with mood disorders (Faedda et
al. 1993). Shin et al. (2005) reported that subjects with bipolar disorder have as much
seasonal fluctuation as subjects with seasonal depression. However, there are also
contradictory findings. Partonen and Lonnqvist (1996) reported that there was no seasonal

variation among all hospital admissions in subjects with bipolar disorder.

Bipolar disorder tends to affect men and women equally. The average age of first manic
episode is the early twenties. Even in patients with continued adherence to medication
regimens, the risk of relapse over a five-year period has been estimated to be as high as
73% (Gitlin et al. 1995). The estimated lifetime risk of suicide is 6% for all affective

disorders in general (Inskip et al. 1998).

Etiology and pathogenesis of bipolar disorder

The etiology of bipolar disorder is multifactorial and still poorly understood. Biological

and especially genetic factors seem to be important for the wvulnerability, and

environmental factors increase the risk.
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Heritability and genetic studies

A meta-analysis of 18 family studies arrived at a recurrence risk of bipolar disorder for
first-degree relatives of bipolar probands of 8.7% and a risk for unipolar depression of
14.1% (Smoller and Finn, 2003). It has been suggested that familial aggregation is due
predominantly to genetic factors, with heritability estimates in the range of 60 to 85%
(Smoller and Finn, 2003). Kieseppd et al (2004) reported a high heritability (93%) of
bipolar disorder in a nationwide population-based twin study. Numerous studies have
attempted to localize susceptibility genes for bipolar disorder, but still have not led to a
consensus about any particular predisposing locus to bipolar disorder. Bipolar disorder is a
multigenetic disorder determined by several genes. Based on numerous linkage studies
some chromosomal regions are associated with bipolar disorder (Craddock et al. 2005).
Also, it has been reported that two genes, D-amino-acid oxidase activator (DAOA) and
brain derived neurotrophic factor (BDNF), maybe associate with bipolar disorder
(Craddock et al. 2005). In a recent meta-analysis the polymorphism in serotonin transporter

gene (5-HTT) showed significant association with bipolar disorder (Lasky-Su et al. 2005).

Neurochemistry

It has been reported that serotonin has a role in the pathogenesis of bipolar disorder.
Serotonergic abnormalities have been reported in bipolar disorder, e.g. increased serotonin
receptors in platelets, a lower maximal velocity of serotonin platelet uptake, and decreased
brain serotonin neurotransmitter activity (Marazzitti et al. 1991; Prange et al. 1974; Price et
al. 1990; Pandey et al. 2003). Recently, Oquendo and co-workers (2007) reported that
patients with bipolar disorder had 16% to 26% lower serotonin transporter bingin potential

in brain using positron emission tomography compared to healthy controls.

Sleep and circadian rhythms

Disturbances of the sleep-wake cycle and circadian rhythms are prevalent in bipolar
disorder. Changes in the sleep-wake cycle can trigger manic episodes in bipolar disorder
(Wehr et al. 1987). Experimentally induced sleep deprivation was associated with the onset

of hypomania or mania in a study of depressed patients (Wu and Bunney, 1990). A recent
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systematic review study established that sleep disturbance was the most common prodrome
of mania and the sixth most common prodrome of bipolar disorder (Jackson et al. 2003).
Harvey et al. (2005) reported that euthymic patients with bipolar disorder also have
clinically significant sleep disturbance. Moreover, it has been suggested that children of
bipolar parents have dysregulation of sleep, which may be an early marker of bipolar
disorder (Jones et al. 2006). It has been hypothesized that bipolar disorder patients have a
genetic diathesis that may take the form of circadian rhythm instability. Accordingly, it has
been reported that sleep deprivation changes the expression of several genes in the cerebral

cortex of rat’s brains (Terao et al. 2006).

Twin studies suggest a genetic susceptibility to seasonal changes (Madden et al. 1996; Jang
et al.1997). It has been hypothesized that mutation in circadian rhythm-related genes can
cause bipolar disorder, which has strong heritability, but more studies are needed
(Benedetti et al. 2003; Mansour et al. 2006; Nievergelt et al. 2006). The protein products of
circadian genes are necessary for the generation and regulation of circadian rhythms (Ko
and Takahashi, 2006). There is also some evidence that bipolar disorder is associated with
some circadian rhythm-related genes, with the strongest evidence for the aryl hydrocarbon
receptor nuclear translocator-like (ARNTL) gene, but more large studies are needed to

confirm these findings (Benedetti et al. 2003; Mansour et al. 2006; Nievergelt et al. 2006).

Environmental risk factors

There are some environmental risk factors which affect bipolar disorder, but the findings
are still unclear. Stressful life-events later in life may predispose to mania or depression in
bipolar patients, but their association with the onset of the first episode remains
controversial (Ambelans, 1987; Ellicot et al. 1990; Scalre and Creed, 1990). An association
between childhood physical abuse and mania has also been reported (Levitan et al. 1998).

The lifetime prevalence of alcohol abuse or dependence in patients with bipolar disorder
has been reported to be 46.2% and 39.2%, respectively (Regier et al. 1990). In addition,
patients with alcohol dependence tend to have a heightened risk for a lifetime diagnosis of
co-morbid mania (Helzer and Pryzbeck, 1988). Smoking incidence is high, over 50%, in

patients with bipolar disorder (Gonzale-Pinto et al. 1998). However, excessive smoking is

19



associated with psychotic disorders in general rather than bipolar disorder specifically

(Corvin et al. 2001).

There is no evidence that deficiency of specific nutrients can cause bipolar disorder, but

omega-3 fatty reportedly alleviate the symptoms (Stoll et al. 1999).

5.2 Mood and food

Food habits have changed in Finland over the past decades and nowadays resemble those
of a typical European diet in many ways. Earlier the Finnish diet was largely based on
grains, milk products, and potatoes. The consumption of grain and starch products has
since declined, while animal products have increased. Vegetables and fruit consumption
has also increased steadily (Pietinen et al. 2001). The intake of vitamins and minerals is

generally adequate (Ménnisto et al. 2003).

There was a shortage of studies on relationships between dietary intakes and mood prior to
the start of the studies presented herein. However, recent years have seen a growing
interest in exploring these associations and the findings of several studies are presented
here. Mostly of the studies have attempted to clarify the association between fish

consumption and depression.

It has been reported that people with a high consumption of fish appear to have a lower
prevalence of depression (Hibbeln 1998; Tanskanen et al. 2001a; 2001b, Silvers and Scott
2002; Timonen et al. 2004). Hibbeln (1998) found that greater seafood consumption was
related to lower life-time prevalence rates of MDD across nine countries. In two Finnish
studies a significant reverse association between consumption of fish and depression was
observed only for females (Tanskanen et al. 2001b; Timonen et al. 2004). It has been also
reported that increased fish intake in people without depressive symptoms had no
substantial effect on mood (Woo et al. 2002; Ness et al. 2003). Noaghiul and Hibbeln
(2003) reported that greater rates of seafood consumption were associated with lower
prevalence rates of bipolar disorder in cross-national comparisons across 12 countries. The

results of the fish studies are seen in Table 1.
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Hintikka et al. (2005) recently reported that daily tea drinking was associated with a low
level of depressive symptoms in the Finnish general population. None of those whose daily
tea intake was five cups or more had depression. Individuals drinking regular coffee with
caffeine were reported to have decreased total sleep time and sleep quality, and increased
sleep latency (Shilo et al. 2002). Also, caffeine administration can increase anxiety and

alertness (Brice and Smith, 2002).

Table 1. The Associations between the intake of fish/seafood and mood disorders

Study subjects N Intake of omega 3-fatty Findings Authors
acids/fish

25-64 year-old 1772 | High consumption / low Fish| mood| Tanskanen et al.
Finnish adults consumption of fish* Association 2001

founded only in

women.
25-64 year-old 3204 | High consumption / low Fish 1 mood? Tanskanen , 2001
Finnish adults consumption of fish*
70 year-old and 2 032 | Infrequent, occasional and Fish 1 mood« Woo et al. 2002
over Chinese daily consumption
elderly
Over 15 years old | 4 644 | Non-fish consumers/ Fish Fish 1 mood? Silvers and Scott,
New Zealander consumers 2002
adults
37-70 year-old 377 | Fish advice: EPA 8.8 mg/d Fish 1 mood— Ness et al. 2003
UK men No fish adivice: EPA 8.7 mg/d
31 year-old 5689 | Regular fish eaters/ Fish| mood| Timonen et al.
Finnish adults Rare fish eaters** Association 2004
(birth cohort) founded only in

women.
Cross-national Fish 1 Hibbeln, 1998
comparison depression|
Cross-national Fish 1 bipolar Noahghiul and
comparison disorder| Hibbeln, 2003

* Fish were consumed twice a week or more often vs less than twice a month
** eat fish weekly or more often vs eat fish monthly or more seldom
| = low consumption, worsened of mood, <> = no effects on mood , 7 = high consumption, improved of

mood
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5.3 Mood and nutrients

5.3.1 Macronutrients

The macronutrients sources of energy are carbohydrates, fats and proteins. Carbohydrates
are compounds made up of sugars. They are classified by their number of sugar units:
monosaccharides (such as glucose and fructose), disaccharides (such as lactose and
sucrose) and bigger molecules, oligo- and polysaccharides. Carbohydrates are the most

common source of energy, but they are not essential nutrients.

Fats consist of a glycerol molecule with three fatty acids attached. They are a concentrated
source of energy, 38 kJ/g (9 kcal/g). Fats are essential nutrients because they include
essential fatty acids. Fat also is needed to carry and store the essential fat-soluble vitamins,

like vitamin D.

Proteins are made up of 20 amino acids, each with different metabolic fates in the body.
The amino acids that the body cannot manufacture must be supplied in the diet and are
known as essential amino acids. Sources and recommended intakes of macronutrients are
seen in Table 2. In Finland the recommended total energy intake for adult malesis 10.4-12
MIJ /day, depending on physical activity (National Nutrition Council, 2005). Carbohydrates
should supply 50 to 60% of the total energy intake, protein should provide 10 to 20%, and
fat approximately 30 to 35% (National Nutrition Council, 2005). There few studies of

associations between macronutrients and mood are presented here.

Carbohydrates

Subjects with MDD tend to consume more carbohydrates in their diets than non-depressed
individuals (Christensen and Somers, 1996), and they show heightened preference for
sweet carbohydrate or fat- rich foods during depressive episodes (Christensen, 2001). High
carbohydrate intakes increase brain uptake of the amino acids tryptophan, which in turn
stimulates the synthesis of serotonin (Rogers, 2001.) This seems, for example, to rapidly
lead to drowsiness in healthy subjects but to alertness in patients with SAD (Rosenthal et
al. 1989). A detailed study of the lifestyle of 89 bipolar patients and 445 age- and sex-
matched controls showed that total daily sucrose intake, %age of energy from
carbohydrate, and consumption of sweetened drinks were higher in bipolar patients
(Elmslie et al. 2001). Westover and Marangell (2002) reported a highly significant
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correlation between sugar consumption and annual rates of depression in a cross-national

study involving six countries.

Fats and proteins

In general, a low-fat diet may have negative effects on mood (Wells et al. 1998), and
altered dietary fat intake can lead to acute behavioural effects such as drowsiness,
independent of energy consumption, in healthy subjects (Lloyd et al. 1994). The intake of
branched-chain amino acids may acutely alleviate manic symptoms in patients with
adequate drug treatment (Scarna et al. 2003), and a high intake of proteins also seems to

increase alertness (Rogers, 2001).
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Table 2. Food sources of nutrients and recommended intakes.

Sources Recommendations
Carbohydrates bread and cereals, fruits and berries ** 50-60% of the total energy intake
Fats fat spreads and oils, meat* dishes, meat approximately 30% of the total energy
products, milk products * intake °
Proteins meat dishes and products, milk products, 10-20% of the total energy intake

eggs ™

Omega-3 fatty
acids

1% of the total energy intake °

ALA

vegetable oils;
canola-, soybean-, flaxseed oils, leafy
green vegetables, nuts, flaxseeds *

Long-chain omega-
3 fatty acids

fatty fish;
salmon, tuna, sardine, herring and mackerel

a*

Amino Acids

meat, cheese, fish and offal **

Tryptophan reindeer meat, liver, cheese, tuna, nuts, 4-6 mg/kg/day ¢
soybean, sunflower seed, poppy seeds °
Serine salmon, cheese, eggs, pork, cattle, no recommendations
soybeans, nuts, sunflower seed, poppy
seeds **"
Lysine cheese, cattle, pork, chicken, sardine, tuna, | 12-30 mg/kg/day ¢
pearch, salmon, cod, carp, lens, soybeans,
sunflower seeds **"
Vitamins
Folate whole grain products, fresh vegetables, 300 pg/day for men and older women
fruits, meat and eggs ** 400 pg/day for young women °
Vitamin B, animal products such as meat, fish and 2.0 pg/day ©
Cobalamin dairy products **
Vitamin By , whole grain products, meat products and 1.0-1.5 mg/day ©
Thiamine eggs
Vitamin B, dairy products, meat and egg products a 1.2 -1.7 mg/day °
Riboflavin
Vitamin Bg, meat and egg products, whole grain 1.2-1.6 mg/day °
Pyridoxine products and fruits and berries **
Vitamin D fish products, milk and margarine ** 7.5 -10 pg /day ©

* (Ménnisto et al. 2003), b(Souci et al. 1994; Salo-Véininen, 1996), ¢ (National Nutrition Council, 2005),
4 (Matthews, 1999), * Sources in the Finnish diet, **High content / 100 g of food
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5.3.2  Amino acids

The 20 or so amino acids that make up the body’s proteins each have different metabolic
fates. Amino acids are joined together in long strings by peptide bonds to form proteins of
differing shapes and sizes. There are eight (nine in infants) essential amino acids for the
human body: isoleucine, leucine, lysine, methionine, phenylalanine, threonine, tryptophan,
valine and histine. In this present study, tryptophan, lysine and serine were the main focus

of investigated.

Tryptophan

Tryptophan is essential amino acid. It is a precursor for serotonin synthesis. Free
tryptophan is transported into the brain across the blood-brain barrier by an active protein
shuttle for which five other large neutral amino acids (valine, leucine, isoleleucine,
phenyalanine and tyrosine) also compete. In the brain serotonin is synthesized from
tryptophan. It is first converted into 5-hydroxytryptophan by the enzyme tryptophan
hydroxylase; 5-hydroxytryptophan is then decarboxylated by the enzyme aromatic acid
decarboxylase to serotonin. Serotonin is stored in synaptic vesicles where it stays until
released by a neuronal impulse. Serotonin is stored in synaptic vesicles where it stays until
released by a neuronal impulse. Serotonin is destroyed by the enzyme monoamine oxidase
and converted into an inactivate metabolite, 5-hydroxyindoleaceticacid (Cooper et al.
1996). Serotonin can also be converted to melatonin in the pineal gland at night. Melatonin

influences the circadian rhythms.

Dietary protein and carbohydrate content can specifically influence brain tryptophan and
serotonin levels by effects on plasma amino acids patterns. Carbohydrate in the diet
increases secretion of insulin, which raises the plasma concentration of tryptophan and
decreases the concentrations of other large neutral amino acids. This leads to increased
tryptophan and thus raises serotonin concentrations in the brain (Fernstrom and Wurtman,

1971a; 1971b). Sources and recommended intakes of tryptophan are seen in Table 2.
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Tryptophan and mood

Tryptophan is a precursor for serotonin that is known to play a key role in many brain
functions, such as mood regulation. A number of studies has shown that acute tryptophan
depletion produces depressive symptoms and results in worsening of mood (Neumeister et
al. 1998; Spillmann et al. 2001). The results of the most important studies of tryptophan

depletion in depressed and healthy subjects are seen in Table 3.

There have been a few studies of tryptophan depletion in patients with bipolar disorder.
Cappiello et al. (1997) reported increased manic symptoms after tryptophan depletion in
recently recovered patients. However, in three other studies there were no effects of
tryptophan depletion in patients treated with lithium (Benkelfat et al. 1995; Cassidy et al.
1998; Hughes et al. 2000). The results of the most important studies of tryptophan

depletion in subjects with bipolar disorder are seen in Table 4.

A number of negative studies have been published recently, suggesting that the effects of
tryptophan depletion on mood are less consistent in psychiatric patients and healthy
volunteers (Bell et al. 2001; Van der Does, 2001). The rationale for augmentation has now
been challenged (Nelson, 2000). Bell et al. (2001) reported in their review article that in
patients with depression tryptophan depletion tends to result in no worsening of depression
in untreated subjects but a relapse in those who have responded to antidepressants. In
addition, Van der Does (2001) found that tryptophan depletion has a mood lowering effect
only in subgroups of recovered depressed patients, patients with SAD and vulnerable

healthy subjects.

There are several reports that plasma tryptophan is significantly lower in patients with
MDD than in normal controls (Coppen et al. 1973; Cowen et al. 1989). Recently, Hoekstra
et al. (2006) reported that bipolar disorder patients had a decreased tryptophan plasma
levels compared to normal controls. Because tryptophan is a precursor for serotonin,
tryptophan supplementation has been applied to the treatment of patients with SAD (Lam
et al. 1997). Lam (1997) has been reported that tryptophan may be an effective
augmentation strategy for those patients with SAD who show limited or poor response to

bright ligh therapy.
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Table 3. Effects of tryptophan depletion in depressed and healthy subjects.

Study subjects N Findings Authors

Depressed patients 43 Mood«— Delgado et al. 1994
(untreated)

Depressed patients 22 Mood« Price et al. 1997
(untreated),

Depressed patients 38 Mood« Price et al. 1998
(untreated)

Depressed patients 21 11/21 relapsed Delgado et al. 1990
(remitted),

Depressed patients 21 7/21 relapsed Bremner et al. 1997
(remitted)

Depressed patients 14 Mood« Leyton et al. 1997
(remitted)

Depressed patients 20 5/12 relapsed with TRP depletion Aberg-Wistedt et al. 1998
(remitted) 0/8 relapsed with no TRP depletion

Depressed patients 24 Mood| Moreno et al. 1999
(remitted) Mood« controls

Depressed patients 22 Mood«— Neumeister et al. 1998
(remitted)

Depressed patients 30 1/15 relapsed with fluoxamine Delgado et al. 1999
(remitted) 8/15 relapsed with desipramine

Depressed patients 10 5/7 relapsed Spillmann et al. 2001
(remitted) 1/3 relapsed with placebo

Depressed patients 41 women, | women mood]| Moreno et al. 2006
(remitted) 18 men men mood <>

SAD* patients, 10 8/10 relapsed Lametal. 1996
remission

Healthy subjects 12 Mood« Oldman et al. 1994
women

Healthy subjects 12 Mood« Smith et al. 1997a,b
Healthy subjects men 10 Mood«— Bhatti et al. 1998

SAD* = Seasonal Affective Disorder, | = Worsened of mood, «<» = No effects on mood,

1 = Improved of mood
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Table 4. Effects of tryptophan depletion in bipolar disorder.

Study subjects N Findings Authors

BD patients in 10 Mood«— Benkelfat et al. 1995
remission, men

BD patients, recently 7 Manic symptoms? Cappielo et al. 1997
recovered

BD patients 4 Mood« Cassidy et al. 1998
BD patients, in 19 Mood« Hughes et al. 2000
remission

First-degree relatives 30 Relatives+ controls mood | Sobczak et al. 2002
of BD patients and

controls

BD = Bipolar disorder, | = Worsened of mood, <> = No effects on mood, 1 = Symptoms increased

Serine

Serine it is not an essential amino acids in the human diet. It is produced from
hydroxypyryvate derived either from glucose or from glycerol. Serine is then used as a
precursor for glycine through a process that transfers a methylene group to tetrahydrofolate

(Matthews, 1999). It is precursor for glysine. Sources of serine are seen in Table 2.

Serine and mood

Serine acts as a partial agonist at the glycine modulation site of the glutamate receptor in
the brain and therefore tends to affect brain functions (Watson et al. 1990). Previously,
high serine plasma concentrations have been suggested to be a potential marker for
psychotic disorder in general, and for depressive disorder with psychotic symptoms in
particular (Waziri et al. 1984; Baruah et al. 1991; Mauri et al. 1998), but there are also
reports of low serine plasma levels in psychotic depressive disorder (Fekkes et al. 1994;
Maes et al. 1998). Sumiyoshi et al. (2004) recently reported that patients with
schizophrenia and also those with MDD had increased plasma serine levels compared to

normal controls.
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Lysine

Lysine, an essential amino acids for humans, acts as a precursor for the carnitine, which is
involved in lipid metabolism. Acetylincarnitine is synthesized from carnitine too, and also
plays a part in lipid metabolism (Pettegrew et al. 2000). Sources and recommended intakes

of lysine are seen in Table 2.

Lysine and mood

Currently, there are no data regarding the impact of lysine on brain functions or mental
disorder. In one study lycine fortification of wheat reduced anxiety and stress among an

economically disadvantaged population in Syria (Smriga et al. 2004).

5.3.3  Omega-3 fatty acids

Omega-3 fatty acids are polyunsaturated fatty acids. The omega number indicates the
number of carbon atoms from the methyl end of the acyl chain to the first double bond.
The first double bond in an omega-3 fatty acid is three carbons from the methyl end of the
molecule. Alpha linolenic acid (ALA, 18:3n-3) is an essential fatty acid for humans (Jones
and Kubow, 1999). ALA can be converted to the longer-chain omega-3 fatty acid,
eicosapentaenoic acid (EPA, 20:5n-3). EPA can eclongated to docosapentaenoic acid
(22:5:n-3), and then further extended, desaturated, and beta-oxidized to produce
decosahexaenoic acid (DHA, 22:6n-3) (Jones and Kubow, 1999).

While ALA is the precursor for longer omega-3 fatty acids, EPA acts as the precursor for
certain eicosanoids, such as prostaglandins, thromboxane, and leukotriens. Eicosanoids
play a large role in modulating cardiovascular, pulmonary, immune, reproductive, and
various secretory functions (Jones and Kubow, 1999). EPA also affects lipoprotein
metabolism and decreases the production of other compounds, including cytokines,
interleukin 1b, and tumornecrosis factor a. The pro-inflammatory cellular activities exerted
by these compounds include stimulating the production of collagenase and increasing the
expression of adhesion molecules necessary for leukocyte extravasation (James et al.

2000). DHA (22:6n-3), one of the main structural lipids in the mammalian brain, plays
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crucial roles in the development and function of brain neurons. It is also concentrated in

the retina and testes (Jones and Kubow, 1999).

Sources and recommended intakes of omega-3 fatty acids are seen in Table 2. The intake
of the combined essential fatty acid (omega-3 plus omega-6) should form at least 3% of
total energy, including approximately 1% from omega-3 fatty acids (Table 2). If the daily
energy intake is 8368 kJ (2000 kcal), this means 2-3 g of omega-3 fatty acids per day
(National Nutrition Council, 2005).

Population based studies

Societies with a high consumption of fish appear to have a lower prevalence of depression
Hibbeln 1998; Tanskanen et al. 2001a; 2001b, Silvers and Scott 2002; Timonen et al.
2004). However, the dietary intake of omega-3 fatty acids did not associate with depression
in a study of a community sample of Australian women (Jacka et al. 2004). The dietary
intake of total omega fatty acids and ALA associated inversely with depression, but the
intakes of EPA and DHA and also of fish consumption, did not associate with depression
in Japanese lung cancer patients (Suzuki et al. 2004). Noaghiul and Hibbeln (2003)
founded a robust correlational relationship between greater seafood consumption and lower
prevalence rates of bipolar disorder in a comparison across 12 countries. Recently,
Appleton et al. (2007) founded that higher omega-3 fatty acids intakes from fish associated
with lower levels of depressed mood, but the association disappeared after adjustment for

age and social deprivation.

Concentration studies

There is evidence that people with MDD have significantly lower omega-3 levels in red
cell membranes (Edwards et al. 1998; Peet et al. 1998), in serum cholesteryl esters (Maes
et al. 1999), and in plasma phospholipids (Tiemeier et al. 2003; Frasure-Smith et al. 2004)
compared to controls. It has also been reported that depressed subjects have lower omega-3
fatty acid levels in adipose tissue compared to healthy controls (Mamalakis et al. 2004).

Low EPA levels in red cells have been found in patients with suicide attempts (Huan et al.

30



2004). Green et al. (2006) also reported decreased levels of omega-3 in red blood cells

membrane in patients with social anxiety disorder.

De Vriese et al. (2004) reported seasonal variation in polyunsaturated fatty acid levels in
humans. EPA and DHA levels are lower in winter. They suggested that this seasonality
may be related to the incidence of violent suicide. They also suggested that annual
variations of essential fatty acids are related to the expression of the serotonin markers,

such as the Bmax [3H]-paroxetine binding to platelets.

Supplemental studies

Results of some supplement-based trials are seen in Table 5. A placebo-controlled, double
blind trial with 28 depressed patients found that omega-3 fatty supplements (9.6 g/day for 8
weeks) alleviated the effects of depressive symptoms (Su et al. 2003). However, a double
blind, placebo-controlled trial of DHA (2g/day for 6 weeks) in a sample of 36 clinically
depressed patients demonstrated no significant improvements in the treatment group
compared to controls (Marangell et al. 2003). Silvers et al. (2005) reported that fish oil
(3g/d omega-3 for 12 weeks) treatment did not improve mood when compared to the
placebo oil in depressed patients. Two clinical studies have used doses of 1 to 2 g per day
of EPA ethyl ester to successfully treat patients with depression. Nemets et al (2002)
reported that in a double blind, placebo-controlled trial with 20 MDD patients who
responded only partially to standard antidepressant treatment, EPA ethyl ester supplements
(2g/d for 4 weeks) alleviated depressed symptoms. Also, a double blind, placebo-
controlled trial with 52 depressed patients with antidepressant treatment showed that an
EPA ethyl ester supplements (1g/day/12 weeks) was effective in treating depression in
patients who remained depressed despite adequate drug treatment (Peet and Horrobin,
2002). However in this study, only a dosage of 1 g/day showed efficacy compared to 2-4
g/day dosages. A randomized, placebo-controlled, adjunctive trial of EPA (6 g/day for 4
months) in the treatment of bipolar depression and rapid cycling bipolar disorder did not
find overall evidence of efficacy for adjunctive treatment (Keck et al. 2006). In a recent
double blind, placebo-controlled trial on 231 young adult prisoners, antisocial behaviour as

measured by the number of their disciplinary offences before and during the
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supplementation, was reduced by the supplementation of vitamins, minerals and essential

fatty acids (Gesch et al. 2002).

A placebo-controlled trial with 30 patients found that omega-3 fatty acid pharmacological
dose supplements (9.6g/day for 4 months) alleviated symptoms of depression in patients
with bipolar disorder (Stoll et al. 1999). They also had longer periods of remission than the
placebo group. Treatment of bipolar disorder with adjunctive EPA (1 to 2 g/day for 12
weeks) resulted in improved clinical outcomes compared with placebo in terms of scores
on the Hamilton Rating Scale for Depression and the Young Mania Rating Scale (Frangou

et al. 2006).
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Table 5. Associations between dietary intake or supplemental use of omega 3 —fatty acids and mood.

Study Subjects N The intake of omega-3 Findings Authors
fatty acids (g/day)
23-97 year-old 755 Total omega-3 fatty acids: | Mood < Jacka at al. 2004
Australian women 0.11 g/day
Japanese lung 771 Total omega intake was Fish: Mood« Suzuki et al. 2004
cancer patients 1.52 g/d for subjects Total omega -3
without depression and fatty acids: mood?
1.43g/d for depressed
subjects
General 2982 Total omega intake was 1.6 | Omega-3 fatty Appleton et al.
population (UK) g/day, intake of omega-3 acids from fish 2007
fatty acids from fish was associated with
0.6 mg/day lower levels of
depressed mood,
but the association
disappeared after
adjusting for age
and social
deprivation.
18-70 year-old 70 E- EPA 1, 2 or 4 g/day, or 1 g/d mood? Peet et al. 2002
depressed patients placebo 2.4 g/d mood«
(UK)
28-73 year-old 20 E-EPA Mood?t Nemets et al.
depressed patients 2g/day, or placebo 2002
(Israel)
18-60 year-old 22 EPA + DHA 9.6 g/d, or Mood? Su et al. 2003
depressed patients placebo
(Taiwan)
18-65 year-old 35 DHA 2 g/d, or placebo Mood— Marangell et al.
depressed patients 2003
(USA)
18-65 year-old 59 EPA + DHA 3g/d, or Mood « Silvers et al. 2005
depressed patients placebo
(New Zealand)
Young adult 231 EPA+ DHA 1.24 g/d, Reduced Gesch et al. 2002
prisoners (UK) +omega-6 fatty acids 1.42 antisocial
g/d, or placebo behaviour
18-65 year-old 30 9.6 g/d omega-3 fatty Remission 1 Stoll et al. 1999
patients with acids, or placebo
bipolar disorder
(USA)
18-70 year-old 75 1 g/d or2 g/d E-EPA, or Mood— Frangou et al.
patients with placebo HRDS | * 2006
bipolar disorder CGI**
(UK)
20-73 year-old 116 E-EPA 6g/day, or placebo Moode— Keck et al. 2006

patients with
bipolar disorder
(USA)

* HRDS = Hamilton Rating Scale for Depression, ** CGI = Clinical Global Impression Scale
| = Worsening of mood, <> = No effects on mood, 1 = Improvement of mood
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5.3.4  Vitamins

Folate

Folate belongs to the group of water-soluble B vitamins. There are over 100 different
forms of folate in diet. Folate acid is the synthetic form of folate. They are essential for
humans like all vitamins. Folate acts as coenzyme in numerous metabolic pathways in the
body. It is required for the synthesis of thymidylate and thus for deoxyribonucleic acid
(DNA). Folate is also necessary in protein synthesis and is especially important during

periods of rapid cell division and growth, such as infancy and pregnancy (Herbert, 1999).

One possible manifestation of folate deficiency is megaloblastic anaemia is a, which results
from decreased synthesis of DNA and ribonucleic acid. Folate deficiency is characterized
by weakness, dyspnea, diarrhea, weight loss, and neurological symptoms. Folate deficiency
is associated with a high frequency of irritability, forgetfulness, and hostile and paranoid
behaviour (Herbert, 1999). Sources and recommended intakes of folate are seen in Table 2.
In addition, deficiencies of folic acid as well as pyridoxine (Bg) and vitamin By, , can lead
to high homocysteine levels as a consequence of their involvement in homocysteine
metabolism (Miller et al. 1994). Homocysteine is a sulphur-containing amino acid formed
from the essential amino acid methionine. A high blood level of homocysteine is
associated with hightened risk of ischaemic heart disease and stroke risk (Homocysteine

Studies Collaboration, 2002).

Folate and mood

Folate deficiency has been known to be linked to depressive disorder, and it has particular
effects on mood, and on cognitive as well as social function (Bottiglieri, 1996; Alpert and
Fava, 1997; Reynolds 2002). Depressed patients have been shown to have low levels of
folate in their serum and red blood cells (Carney et al. 1990; Fava et al. 1997; Bottiglieri et
al. 2000; Lerner et al. 2006). Findings of folate and vitamin B, studies are seen in Table 6.
It has been also reported that patients with low folate status have been weaker treatment

response to antidepressants (Abou-Saleh and Coppen, 1989; Carney et al. 1990; Fava et
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al.1997), and folate replacement therapy in patients with MDD appears to produce
substantial affective improvements (Godfrey et al. 1990; Mischoulon 1996; Coppen and
Bailey, 2000). It has been reported that depressed individuals in the general US population
had lower serum and red blood cell folate concentrations (Morris et al. 2003). Low serum
folate also associated with an increased severity of depressive symptoms in a
epidemiological sample of middle-age individuals in Australia (Sachdev et al. 2005)
However, Penninx et al. (2000) did not find an association between blood folate and
depression among disabled older women, although Ramos et al (2004) reported that low
folate status was associated with depressive symptoms in elderly Latino women, but not
elderly Latino men. Other findings suggest that folate deficiency is not independently
related to the depressive disorders (Tiemeier et al. 2002), and low plasma folate levels are
not significantly related to depression in a general population in Norway (Bjelland et al.
2003). Recently, it have been reported that low levels of dietary folic acid are associated
with elevated depressive symptoms and MDD in middle-aged men (Tolmunen et al. 2003;
2004a). The data regarding an association between folate and mania are scarce, but red

blood cell folate levels in patients with mania have been reported (Hasanah et al. 1997).

Recently, several studies have shown that total plasma homocysteine is a sensitive marker
of functional deficiency of either folic acid or vitamin Bj,. The synthesis of methionine
from homocysteine requires a supply of methyl groups from methyl folate, and also
vitamin B, as a cofactor. Thus functional deficiency of either vitamin results in raised
plasma levels of homocysteine (Lindenbaum et al. 1988; Stabler et al. 1988), and a high-
folate diet decreases plasma homocysteine concentration (de Bree et al. 2001a; Silaste et al.
2003). It has been reported that depressed patients had raised plasma homocysteine
(Lindenbaum et al. 1988; Bottiglieri et al. 2000; Bjelland et al. 2003), but not all studies
have found this association (Fava et al. 1997; Pennincx et al. 2000; Tiemeier et al. 2002).
Recently, Tolmunen et al. (2004b) reported that high serum concentrations of
homocysteine associated with depression in middle-aged men. Smoking is also known to
be associated with an increased plasma homocysteine level and reduced of levels of folate,

vitamin B, and vitamin Be (de Bree et al. 2001b; O’Callaghan et al. 2002).
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Table 6. Association between serum folate, vitamins B, and mood disorders.

Study subjects N Blood fragment Findings Authors
Elderly Dutch 694 Plasma concentration Folate| Mood«> Tiemeier et al.
people Vitamin By, Mood| 2002
English inpatients 84 Plasma concentration Folate| Mood« Bottiglieri et al.
(MDD), the mean Homocysteine 1— 2000
age 34 years Folate| Mood |

Vitamin B, Mood«
46- 49 and 70-74 5948 | Plasma concentration Folate| Mood«> Bjelland et al. 2003
year-old Norwegian (Middle- aged women
adults Folate| Mood |)

Vitamin By, Mood«
Depressed patients 155 Red blood cell Folate| Mood| Abou-Saleh and
(the mean age 59.5) concentrations Coppen, 1989
and normal controls
(the mean age 44.7)
English depressed 285 Red blood cell Folate| Mood| Carney et al. 1990
patients concentrations Vitamin B,| Mood«>
American patients 213 Serum concentrations Folate| Mood | Fava et al. 1997
(MDD), the mean Vitamin B;,| Mood«>
age 39.9 years
15-39 year-old US 2948 | Serum concentrations Folate| Mood] Morris et al. 2003
population Vitamin By, | Mood«
Elderly Latinos, 1463 | Plasma concentrations Folate| Mood| women Ramos et al. 2004
> 60 year-old Folate| Mood«> men

Vitamin B, Mood«
60-64 year-old 412 Serum concentrations Folate| Mood| Sachdev et al. 2005
Australian adults Vitamin By, Mood«
Israeli psychiatric 224 Serum concentration Folate| Mood | Lerner et al. 2006
patients (MDD), the Vitamin By, Mood«
mean age 39.4
years
Manic hospitalised 78 Serum concentrations Folate| (red-cell) Mood| | Hasanah et al. 1997
patients and normal and red-cell
controls from concentrations
Malaysia
Elderly Dutch 700 Serum concentrations Vitamin B, | Mood| Penninx et al. 2000
women, > 65 Folate| Mood«
years-old
21-69 year-old 115 Red blood cell Vitamin By, — good Hintikka et al.
Finnish outpatients concentrations treatment outcome 2003
(MDD) Folate {Mood«
19-92 year-old 140 Plasma concentrations Vitamin Bs|Mood | Hvas et al. 2004a

Danish adults

Folate| Mood«
Vitamin B;,| Mood«>

| = Worsened mood, low levels of vitamin, «> = No effects on mood, 1 = improved mood, high levels of

vitamin
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Vitamin Bj, (Cobalamin)

Vitamin By, also known as cobalamin, belongs to the group of water-soluble B vitamins,
all of which are essential for humans. Vitamin B, is a coenzyme in two metabolic
reactions. The methylcobalamin form is needed as one of the coenzymes involved in the
synthesis of methionine from homocysteine. It is necessary in small amounts for the
formation of proteins and red blood cells, and for the function of the central nervous
system and maintenance of the inner lining of the intestinal tract. One clinical
manifestation of vitamin B, deficiency is megaloblastic anaemia. It can also cause
paresthesia, constipation, peripheral neuropathy, depressive symptoms and dementia (Scott

and Weir, 1999). Sources and recommended intakes of vitamin B are seen in Table 2.

Vitamin B, and mood

Vitamin Bj, deficiency has been linked to various neuropsychiatric disorders including
affective illness (Hector and Burton 1988; Lindenbaum et al. 1988; Healton et al. 1991). It
has been reported that depressed subjects have low serum vitamin By, levels (Pennincx et
al. 2000, Tiemeier et al. 2002), but there are also contradictory findings (Fava et al. 1997;
de Jong et al. 2001). Recent population-based studies have not found an association
between vitamin By, levels and symptoms of depression (Bjelland et al. 2003; Morris et al.
2003; Sachdev et al. 2005) It has been reported that high levels of vitamin B;, are
associated with good treatment outcome in patients with MDD (Hintikka et al. 2003). In a
study of Hvas et al. (2004a) supplemental vitamin B, treatment did not improve cognitive
function or symptoms of depression within the three-month study period. The results

vitamin B, studies are seen in Table 6.

Folate and vitamin By, deficiency may be caused by a number of factors including dietary
deficiency, malabsorption, and increased requirement for these vitamins during stress
(Abou-Saleh and Coppen, 1986). Both folate and vitamin Bj, are essential in several
metabolic pathways in the central nervous system, and their metabolism is intimately
connected (Abou-Saleh and Coppen 1986; Chanarin et al. 1989). A deficiency of either
vitamin causes impaired methylation in the central nervous system and may result in

neurological and psychiatric disease that becomes irreversible if not treated properly
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(Hector and Burton, 1988). Also, vitamin Bj, has been reported to modulate human
melatonin secretion (Yamazaki et al. 1991). Intravenous administration of vitamin By,
increased rectal temperature in the later hours the daytime (Uchiyama et al. 1995). In the
study of Hashimoto et al. (1996) light exposure phase-advanced the melatonin rhythm in
the vitamin B12-receiving group but not in the placebo group. Thus, vitamin B, seems to
enhance the light-induced phase-shift in the human circadian rthythm. As circadian rhythms
are disturbed in depression and in mania, similar mechanisms could also take place in the
association between vitamin B, and depression. However, these connections have been

studied only in healthy volunteers.

Vitamin B; (Thiamine)

Vitamin B, also known as thiamine, is another water-soluble B vitamin essential for
humans. Vitamin B, serves biochemically as the coenzyme of a-keto acid decarboxylation
and transketolation. It is needed in the body cells to convert carbohydrates, proteins and
fats into energy. Vitamin B, also has a role in neurophysiology. It is concentrated in nerve
cell membranes and also in muscle cells. It facilitates impulse conduction in peripheral
nerves. Vitamin B, deficiency, which is common in alcoholism, can produce confusion and
psychotic symptoms, in addition to neurological signs (Petrie and Ban, 1985). Deficiency
of vitamin B; can cause two clinical manifestations: beriberi and Wernicke-Korsakoff
syndrome. Wernicke-Korsakoff syndrome is cause by chronic alcohol abuse. Wernicke-
Korsakoff syndrome causes a derangement of mental function and it can also lead to
psychosis. Vitamin B; by injection and perorally are used to prevent Wernicke-Korsakoff
syndrome. Other symptoms of deficiency of vitamin B; are cardiac failure, muscle
weakness, peripheral and central neuropathy, and gastrointestinal malfunctions
(Tanphaichitr, 1999). Vitamin B; supplementation had reported to improve general well-
being in elderly women (Smidt et al. 1991). Sources and recommended intakes of vitamin

B, are seen in Table 2.
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Vitamin B, (Riboflavin)

Vitamin B,, is also known as riboflavin. It participates in oxidation-reduction reactions in
numerous metabolic pathways and in energy production via the respiratory chain. It is vital
for body growth and red blood cell production and is also involved in the release of energy
from carbohydrates. Deficiency of vitamin B, is characterized by sore throat, hyperaemia,
and oedema of pharyngeal and oral mucous membranes, cheilosis, and normochromic,
normocytic anaemia (McCormic, 1999). Sources and recommended intakes of vitamin B,
are seen in Table 2. Vitamin B, also plays a role in thyroxine metabolism, and deficiency

may contribute to the pathophysiology of mental disorders via this route (Bell et al. 1992).

Vitamin Bg (Pyridoxine)

Vitamin Bg exists in three major chemical forms: pyridoxine, pyridoxal, and pyridoxamine
all of which are essential water-soluble vitamins. Vitamin B, functions as a cofactor to
numerous enzymes in metabolic pathways. It is a coenzyme for reactions that to synthesize
several neurotransmitters, including serotonin, dopamine, and nerepinephrine. Vitamin Be
is involved in gluconeogenesis via its role in transaminations and in the action of glycogen
phosphorylase. Also, it has a significant impact on immune function and red cell
metabolism. Deficiency of vitamin Be can cause depression, confusion, irritability,
stomatitis, cheilosis and glossitis (Leklem, 1999). Sources and recommended intakes of

vitamin Bg are seen in Table 2.

Vitamin Bg is involved in the same metabolic pathways in the central nervous system as
vitamin B, and folate. Hvas et al. (2004b) found a low level of plasma vitamin Bg
associated with symptoms of depression. It has also been reported in two studies that
vitamin Be supplementation has positive effects on memory performance, but not on mood

(Deijen et al. 1992; Bryan et al. 2002).

39



Vitamin D

Vitamin D is a fat-soluble vitamin. It is found in food, and also the human body makes it
when exposed to ultraviolet B rays from the sun. Vitamin D exists in several forms, each
with a different level of activity. Calciferol is the most active form of vitamin D, other
versions being relatively inactive in the body. The liver and kidney help convert vitamin D
to its active hormone state (van den Berg, 1997). Once vitamin D is produced in the skin or
consumed in food, it requires hydroxylation in both liver and kidney to 1.25
dihydroxyvitamin D, the physiologically active form. Active vitamin D functions as a
hormone because it sends a message to the intestines to increase the absorption of calcium

and phosphorus (van den Berg, 1997).

The principal physiologic function of vitamin D is to maintain serum calcium and
phosphorus concentrations in a range that supports cellular processes, neuromuscular
function, and bone ossification. Experimentally, vitamin D suppresses the proliferation of
normal and malignant cells and induces differentiation and apoptosis (Ylikomi et al. 2002).
Vitamin D deficiency can cause rickets in children and osteomalacia in adults. The

symptoms are muscular weakness in addition to weak bones.

Sources and recommended intakes of vitamin D are seen in Table 2. Ultraviolet B rays
from the sun trigger vitamin D synthesis in the skin (Holick et al. 1994; 2002). Season,
latitude, time of day, cloud cover, smog, and sunscreen all affect ultraviolet B ray exposure
and vitamin D synthesis (Wharton et al. 2003). At northern latitudes there are marked
seasonal fluctuations in serum 25-hydroxyvitamin D levels the serum concentrations being
high during summer and low during winter due to the marked difference in sunlight
exposure (Tjellesen and Christiansen 1983; Lamberg-Allardt 1984; Hine and Roberts
1994; Davies et al. 1999). In Finland, a northern European country, there is no short-
wavelength ultraviolet light reaching the ground in wintertime. Since the synthesis of
vitamin D in the skin is therefore reduced, dietary vitamin D is important for maintaining a
normal vitamin D status at the northernmost latitudes throughout the year (Lamberg-

Allardt et al. 1983; Webb et al. 1988; Holick 1995).
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Vitamin D and mood

Vitamin D supplementation during winter also seems to improve mood in healthy
volunteers (Lansdowne and Provost, 1998). One possible mechanism of action is that
serum 1,25-dihydroxyvitamin D levels affect the levels of serotonin in the hypothalamus
(Privette et al. 1991) and thereby enhance the synthesis and transmission of serotonin,
leading to improvement in mood. However, Dumville and co-workers (2006) recently
reported that daily supplementation of vitamin D did not improve the mental well-being of

elderly women during winter months.

5.4 Relevance of this study

In summary, there are no consistent findings of associations between nutrition and mood,
although some specific nutrients have been suggested to relate to mood. Tryptophan has
slight effects on mood, mostly in depressed patients. Tryptophan depletion studies have
noted effects on mood, mainly in depressed subjects or those with vulnerability to
depression. There are no relevant data about effects of other amino acids on mood. There is
conflicting evidence on whether omega-3 fatty acids can be used in the treatment of mood
disorders. Also, only a few studies have found an association between dietary intake of
fish, a major source of long chain omega-3 fatty acids, and mood. Folate deficiency causes
depressed symptoms and there are differences in folate status in depressed patients.
Deficiency of folate mainly appears to affect mood in older people or subjects with
depression. The evidence on the effects of vitamin B> on mood is conflicting. The role of
other vitamins (B, B,, Bs, D) in mood regulation is still unclear. There are no previous

studies of dietary intake in subjects with bipolar disorder.

Because of the shortage of previous reports and lack of evidence, the topic of this thesis
provided a useful opportunity to make a more detailed analysis of the relationships
between nutrition and mood disorders. The focus of the study is on the specific nutrients

which are suggested to relate to mood and mood disorders.
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6

AIMS OF THE STUDY

The primary aim was to analyse whether there were significant associations of dietary
intakes of nutrients with mood disorders (I, II, IIL, I'V).

Another aim was to study whether seasonal changes in mood and circadian preferencefor
activities had significant relations to diet (IV, V).

A third aim was to elucidate whether insomnia, sleep debt or seasonal changes in sleep
duration, i.e. length of sleep, were linked to dietary intakes in mood disorders (IIL, IV, V).

To answers these questions, the specific aims were formulated as follows.

L.

II.

1L

Iv.

To study associations between dietary intake of amino acids and low mood,
depression, and suicide.

The main question was: Is the intake of tryptophan related to depression?
(Study I)

To study associations between dietary intake of omega-3 fatty acids and low mood,
depression, and suicide. Consumption of fish rich in long-chain omega-3 fatty
acids, specifically, was assessed.

The main question was: Is the intake of omega-3 fatty acids related to depression?
(Study II)

To study whether food consumption and intake of nutrients in subjects with
depressed mood, anxiety and insomnia differed from those in subjects without any
such symptoms.

The main question was: How does mood affect eating habits? (Study I1I)

To study the intake of nutrients and consumption of food items among twins with
bipolar disorder, and also to study the consumption of alcohol and cigarette
smoking. In addition, to elucidate the influence of seasonal changes in mood and
behaviour on nutrient intake.

The main question was: How does bipolar disorder affect eating habits?

(Study IV)

To study seasonal variations in hospital admission and self-reported well-being in
twins with bipolar disorder. Another aim was to study the effect of natural light
exposure on mood. Another aim was to assess circadian preference, sleep length
and seasonal patterns in mood and behaviour among twins with bipolar disorder.
The main question was: How does bipolar disorder affect seasonal changes in
mood and behaviour, and especially sleep? (Study V)
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7  SUBJECTS AND METHODS

In the present work two samples of study subjects were used: one for studies of major

depressive disorder, another for studies of bipolar type 1 disorder.

7.1 The Alpha-Tocopherol, Beta-Carotene Cancer Prevention Study
(ATBC Cancer Prevention study) (I, II, IIT)

The Alpha-Tocopherol, Beta-Carotene (ATBC) Cancer Prevention Study was a double-
blind, placebo-controlled, randomized primary prevention trial testing the hypothesis that
daily supplementation with a-tocopherol or B-carotene reduces the incidence of lung and

other cancers (ATBC Cancer Prevention Study Group, 1994).

7.1.1  Study subjects

The study participants were recruited between 1985 and 1988 from the total male
population 50-69 years of age residing in southwestern Finland (n=290,406). These men
were sent a questionnaire on current smoking status and willingness to participate in the
trial. Smokers of at least five cigarettes per day and who were willing to participate were
then invited to visit their local study center for further evaluation of their eligibility. A
previous cancer diagnosis, current severe angina with exertion, chronic renal insufficiency,
cirrhosis of the liver, alcohol dependence, or a disorder limiting participation in the long-
term trial, such as mental disorder or physical disability, were reasons for exclusion. A
total of 29,133 men were randomly assigned to receive supplements of either a-tocopherol,
B-carotene, both, or placebo, in a 2x2 factorial design. The ethics review boards of the
participating institutions approved the study, and all subjects provided written informed

consent prior to randomization.
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7.1.2  Follow-up

Active intervention continued for all participants through April 1993 and ranged from five

to eight years (median 6.1 years).

7.1.3  Assessment of mood and behaviour

Data on hospital admissions for MDD and mania were derived from the National Hospital
Discharge Register, which covers in-patient admissions to all medical and psychiatric
hospital beds in Finland. The accuracy of the register compared with medical records is
excellent, with data being identical in about 95% of the primary diagnoses (Keskimiki and
Aro, 1991). The diagnoses were coded according to the International Classification of
Diseases (ICD-8) (World Health Organization, 1968) up to the end of 1986, and according
to the Diagnostic and Statistical Manual of Mental Disorders (DSM-III-R) (American
Psychiatric Association, 1987) thereafter. Later diagnoses, after 1995, were coded
according to the ICD-10. A total of 280 men were hospitalized at least once for MDD
(included MDD and depressive disorder NOS) by the end of 1994.

In a new analysis (unpublished data) a total of 247 men were hospitalized at least once for
MDD (including only MDD, not depressive disorder NOS) by the end of May 2001. A
total of 48 men were hospitalized due to manic episodes at least once by the end of May

2001.

Data on deaths were derived from the Central Population Register, and the cause of death
was reviewed from the death certificates. A total of 102 men committed suicide during the

follow-up. The follow-up of survival extended to the end of 1994.

At baseline, subjects completed a questionnaire on their medical history, including three
questions on mental wellbeing. These items concerned anxiety, depressed mood and
insomnia experienced in the past three months (Have you felt feelings of depression in the
last three months? Have you felt feelings of anxiety in the last three months? Have you had

insomnia in the last three months?).
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The trial involved three follow-up visits annually. At each follow-up visit the participants
were asked whether they had felt anxiety, depression, or insomnia since the preceding visit.
To identify subjects who suffered chronically from these symptoms, those reported
throughout the first follow-up year were taken into account, i.e. at baseline and the three
follow-up visits (4 months, 8 months and 12 months). Men reporting anxiety, depression,
insomnia, or all these symptoms at all four visits were considered as cases and those

without symptoms as controls in these analyses (Study III).

7.1.4  Assessment of food consumption

Diet and alcohol consumption were assessed from a self-administered dietary history
questionnaire (Pietinen et al. 1988), which asked the frequency of consumption and the
usual portion size of 276 food items during the past year. In the questionnaire there was a
photographic picture booklet with 122 food items and mixed dishes to help in estimating
portion sizes (Haapa et al. 1985). Complete dietary data were available for 27,111
participants. Dietary nutrient data were analyzed by linking the questionnaire data to the

food composition database of the National Public Health Institute, Finland.

7.1.5  Assessment of other characteristics

At baseline, subjects completed a questionnaire about their general background and
medical and smoking histories. Height and weight were also measured, and a blood sample

was drawn for determining serum total and high-density lipoprotein (HDL) cholesterol

concentrations. Concentrations of cholesterols were assessed using an enzymatic method.
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7.2 Twin Study (IV, V)

7.2.1  Study subjects

Study participants were searched from the National Hospital Discharge Register of Finland
to identify all patients with at least one of the ICD-8 codes 296.10 or 296.30 in 1969-86
(World Health Organization, 1967), or DSM-III-R codes 296.4, 296.5 or 296.6 in 1987-91
(American Psychiatric Association, 1987). Dates for each admission were recorded. The
National Population Register was thereafter used to locate twins born between 1940 and
1969. Also, the Finnish Twin Cohorts were checked to identify any additional twins
(Kaprio et al. 1990). One twin pair with no history of mental illness was included to
increase the number of healthy controls. All the 76 participants identified were sent an

invitation to participate with their co-twin in the study (See in Figure 1).
The twin study was approved by the Ethics Committee of the National Public Health

Institute, and by the Ministry of Social Affairs and Health. Written informed consent was

obtained from all subjects after they received a complete description of the study.
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Figure 1. Study sample of the Twin Study

National Hospital Discharge Register
National Population Register
Finnish Twin Cohort

l

N=76 BP patients
and healthy controls

l

Interview
Seasonal Pattern Assessment Questionnaire
N= 67 (total) N= 39 (BP patients), 20 (healthy
controls) and 8 (subjects with other mental
disorder)
Years 1998-1999

l

N=61, 6 refuced
further contacts

l

Food Frequency Questionnaire
Morningness-Eveningness Questionnaire
N= 39 (total) N=20 (BP patients),

12 (healthy controls),

7 (subjects with other mental disorder)
Year 2002

Abbreviations: BP= bipolar disorder

7.2.2  Diagnostic assessment

All the probands and co-twins (n=67) were interviewed by one of the investigator (T.K) to
confirm diagnosis of the probands and to assess any mental disorders of the co-twins by
using the Structured Clinical Interview for DSM-IV Disorders (SCID) (Spitzer et al. 1997).
Interviews were made blind to zygosity. The zygosity determination was based on genetic
marker analysis, and on questionnaires on resemblance during childhood (Sarna et al.

1987).

47



7.2.3  Assessment of seasonal changes in mood and behaviour

First, 67 participants filled in the Seasonal Pattern Assessment Questionnaire (SPAQ;
Rosenthal et al. 1984) and they were then invited to research interviews that took place
from November 1998 to December 1999. Thirty-nine of them had bipolar disorder, with
mean age 44.3 years (range 29-57), and 20 were assessed as healthy (no mental disorder),
with mean age 44.7 years (range 33-57). In addition, eight had a mental disorder other than
bipolar disorder, and were excluded from further analysis. There was a greater proportion
of men among the bipolar twins than healthy twins, but no difference in the affection status

by zygosity. The number of discordant pairs was 15.

SPAQ was used for the assessment of seasonal variation in length of sleep, social activity,
mood, weight, appetite, and energy level (Rosenthal et al. 1984). The sum of these six
scales yields the Global Seasonality Score (GSS), which can range from 0 (no change) to
24 (extremely marked change). This questionnaire also investigated the changes in
wellbeing caused by local weather conditions. The sum of these ten scales (cold weather,
hot weather, humid weather, sunny days, dry days, long days, grey cloudy days, high
pollen count, foggy smoggy days, and short days) yields a global score, designated here as
the Global Weather Score (GWS), which can range from -30 to + 30. Negative scores
indicate negative effects and positive scores indicate positive effects of changes in weather
conditions on feelings of wellbeing. In addition, two new variables were made from the
SPAQ, and coded and analysed separately: light exposure (the sum of sunny days, and long
days) and grey, cloudy days (the sum of grey cloudy days, foggy smoggy days, and short
days).

7.2.4  Assessment of food consumption

Six twins refused any further contact early on, and 61 twins were finally sent the Food
Frequency Questionnaire (FFQ) and the Morningness-Eveningness Questionnaire (MEQ)
(Horne and Ostberg, 1975) in January 2002 (See Figure 1). The response rate was 67% (41
out of 61). An additional two participants were excluded at baseline because of

incompletely filled FFQs. Of the 39 respondents, 20 had bipolar disorder, with mean age
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46.6 years (range 32-60), and 12 were assessed as healthy (no mental disorder), with mean
age 46 (range 33-58). In addition, seven had mental disorder other than bipolar disorder,
and were excluded from further analysis. Diagnoses of other mental disorders were

schizoaffective disorder, recurrent MDD, schizophrenia, and alcohol abuse.

The FFQ is a validated questionnaire (Paalanen et al. 2006) that was used in the Health
2000 Survey. It is a modified and updated version of two Finnish questionnaires used in
earlier studies, the Alpha-Tocopherol Beta-Carotene Cancer Prevention Study (Pietinen et
al. 1988) and the Kuopio Breast Cancer Study (Ménnistd et al. 1996). The FFQ is designed
to cover the whole diet over the preceding 12 months, and the main purpose is to rank
individuals according to their average food consumption and nutrient intake. The 128 food
items are presented under 12 subgroups, e.g. dairy products, vegetables and fruits and
berries. After each subgroup there are empty lines for subjects to add foods not listed in the
questionnaire. The portion sizes are fixed and, if possible, specified using natural units
(e.g. glass, slice). Recipes for each food item in the FFQ are composed of one to seven
food codes in the Finnish food composition database Fineli® (release 2) that is published
in part on the Internet (National Public Health Institute, 2002). The nine frequency
categories range from never or seldom to six or more times a day. The consumption of
berries is recorded separately in winter and summer. The food consumption and nutrient
intakes are calculated by multiplying the frequency of food consumption by fixed portion

sizes to obtain the weight of each listed food item consumed as an average per day.

7.2.5  Assessment of circadian type

The Morningness-Eveningness Score (MEQ) is a self-report questionnaire that has been
used for the assessment of preferred timing of behaviour (Horne and Ostberg, 1975). The
questionnaire includes 19 items, and the sum yields the Morningness-Eveningness Score
(MES), which can range from 16 to 86. The highest scores indicate definite morningness,
and the lowest ones definite eveningness. Morning types go to bed earlier and also rise

earlier in the morning than evening types.
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7.2.6 Assessment of other characteristics

The Finnish Twin Cohort Questionnaire (FTCQ) was used to study the sleep length and the
subjective feeling of sleep debt (Study V) (Kaprio and Koskenvuo, 2002). Data were
available from 1975, 1981 and 1990. The overall response rate was 89% in the 1975
survey, 84% in 1981, and 77% in 1990. The FTCQ also included two questions about sleep
length ("How many hours do you usually sleep at night?", and "How many hours do you
estimate you need to sleep, to feel refreshed next day?"). A new variable, sleep debt, was

calculated from two questions by subtraction.

To study alcohol consumption and tobacco smoking (Study V), data available from FTCQ
in 1981 and 1990 were used. There were additional questions concerning the consumption
of coffee and tea separately (cups per day). The questionnaire requested information on the
frequency and quantity of alcohol used during an average week (or month), and the number
of years smoked. For each type of beverage (spirits, wines, beer), consumption was
converted into grams of absolute alcohol and summed to yield an estimate of total

consumption in grams per day.

7.3 Statistical analyses

7.3.1 The ATBC Cancer Prevention Study

Cox’s proportional hazards regression models were used to analyse of the relationships
between the baseline dietary intakes of nutrients, and the first occurrence of self-reported
depressed mood, first hospital admission period for either major depressive or bipolar
disorder, and suicide (I, IT). The intakes of nutrients were included in the models as quartile
or tertile categories. Intakes of amino acids and omega-3 fatty acids were included in the
models as tertile categories (II). The analyses (I, II, III) also compared the highest decile
with the middle category. To limit the effect of confounding factors, the analyses were
repeated after excluding subjects who had given a self-report of depressed mood already at

study entry (I, II).
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The dietary factors were adjusted for energy intake in the models (Willet, 1990). Possible
risk factors for mood disorders entered into the models as covariates included age, body-
mass index, energy intake, serum total cholesterol, serum HDL cholesterol, consumption of
alcohol, education, marriage, self-reported depression, self-reported anxiety and smoking
(I, IT). The estimated relative risks and their 95% confidence intervals (CI) were calculated.
Calculations were also done to test the association between consumption of fish and self-

reported depressed mood.

7.3.2  Twin studies

To take into account the correlated nature of twin data, adjusted Pearson F-statistics and
Wald tests for clustered data were used to compare bipolar with healthy twins (Stata
Corporation, 2001) (V). This method accomodates the pairs in which both twins had
bipolar disorder. Survey estimation prevalences were applied to assess the domain and sum
variables of the data derived from the questionnaires (Colombo et al. 2000) (V). Wilcoxon
signed ranks tests were computed for the analysis of differences in these scores within the
discordant twin pairs, i.e. where one twin had bipolar disorder and the other did not. Intra-
pair correlations were calculated for the GSS and GWS, and partial correlation coefficients
to estimate the association between the MES and the GSS (V). Also, partial correlation
were calculated to estimate the association between food items, nutrients and seasonal
changes and circadian phenotype after controlling for sex, age, zygosity, and affection
status (IV). Chi-square and Fisher's exact tests were used for the analysis of differences in
categorical variables. Means and standard deviations of food consumption and nutrient
intake were calculated. Nutrient intakes were adjusted for energy intake according to the
residual method in the models (Willet, 1990.) Mann-Whitney, logistic regression, and
linear regression tests were used for the analysis of continuous variables (IV, V). In the

present studies the significance level of the test was p < 0.05.
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8 RESULTS

8.1 Amino acids

The average intake of amino acids at baseline did not differ in subjects with self-reported
depression, anxiety, insomnia, and hospital admission due to MDD, and suicide (Table 2,

in [ and Table 2, in III).

Significance associations

Two amino acids were associated with subsequent hospital admissions due to MDD, the
relative risk (95% CI) being 1.40 (1.02-1.93) for lysine and 1.38 (1.00-1.90) for serine in
the highest tertile, as compared with the lowest tertile (Study I). However, these
associations disappeared after excluding those with self-reported depressed mood at study
entry. Then, the relative risk (95% CI) was 0.87 (0.24-1.50) for lysine and 1.10 (0.42-1.76)

for serine in the highest tertile, as compared with the lowest tertile.

No significance associations

There were no significant associations between the intake of any amino acids and the risk
of self-reported depressed mood , the risk of hospital admission due to MDD or the risk of
death from suicide during the follow-up (Table 2, in I). Tryptohan did not associate with
depression. The highest decile and the lowest decile were also compared with the middle
tertile of dietary intake of amino acids for each study end-point, but there were no
significant differences (Table 3, in I). There was no significant association between the
intake of amino acids and self-reported depressed mood, anxiety or insomnia (Table 2, in

I1I). (Study I1I)

The main results of studies between amino acids and association of self-reported depressed

mood, anxiety, insomnia, hospital admission due to MDD, or insomnia are seen in Table 6.
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8.2 Omega-3 fatty acids and fish

Significance associations

A small, marginally elevated risk of self-reported depression was suggested in the highest
tertile of fish consumption compare to the lowest tertile the relative risk (95% CI) being
1.06 (1.00-1.12). A small, marginally elevated risk of self-reported depression was
suggested in the highest tertile of fish consumption compared as to the lowest tertile.The
trend test showed the statistical significance of high fish consumption for self-reported

depressed mood (Z=2.09, df=1, p=0.04) (Study II).

No significance associations

There were no significant associations of fish consumption or omega-3 fatty acids intake
with self-reported depression, hospital admission due to depression or suicide (Table 1, in
IT) (Study II). Also, there was no significant association of fish consumption or intake of
omega-3 fatty acids with bipolar disorder (Study IV). In addition, women with bipolar
disorder ingested 26% less omega-3 fatty acids than healthy women, but the difference was
not statistically significant. There were no significant associations of fish consumption or
intake of omega-3 fatty acids with self-reported depression, anxiety or insomnia (Table 2,

in I11).

There were variations in the intake of omega-3 and omega-6 fatty acids between study
groups, although the differences were not statistically significant. In subjects with
depressed mood, the mean intake of omega-6 fatty acids was 7% greater than in symptom-
free subjects. In individuals with anxiety, the mean intake of omega-6 fatty acids was 7%
greater and that of omega-3 fatty acids from vegetables 5% greater than in subjects with no

symptoms.

When the symptoms reported during the first trial follow-up year were taken into the
analysis, some variation has founded. Both in subjects with depressed mood and with
anxiety, the mean intake of total omega-3 fatty acids was 9% greater and that of omega-3

fatty acids from vegetables 6% greater than in respective symptom-free subjects, whereas
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the mean intake of omega-6 fatty acids was 6% greater in subjects with depressed mood

and 9% greater in subjects with anxiety.

The main results of studies between omega-3 fatty acids and fish, and the risk of self-

reported depressed mood, anxiety, insomnia, hospital admission due to MDD, or insomnia

are seen in Table 6.

Table 6. Results of the present study by end-points: self-reported depression, self-
reported anxiety, self-reported insomnia, hospital admission due to MDD, suicide, and
bipolar disorder.

Amino Acids

Significant differences

No significant differences

to MDD.

Tryptophan No association with any of study end-
points.
Serine Associated with hospital admission due | Associations disappeared after excluding
to MDD. those with the self-report of depressed
mood at study entry
Lysine Associated with hospital admission due | Associations disappeared after excluding

those with the self-report of depressed

mood at study entry

No association between any of study
end-points.

Omega- 3 fatty
acids

Fish

Highest tertile of fish consumption
associated with the risk of self-reported
depression. Trend test showed
significance of fish consumption for self-
reported depressed mood.

No association between other end-points.

8.3 Vitamins

Significance associations

In linear regression analysis, after adjustment for sex and age, the intake of vitamin B,
was significantly associated with bipolar disorder (t=2.1, p < 0.05) (Study IV). The mean
intake of vitamin B, was 48% (7.9 ng) greater in the bipolar twins than in healthy
individuals, but the difference was not statistically significant. The difference was stronger
in women; the intake of vitamin B, was 44% greater in women with bipolar disorder than

in healthy women.
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No significance associations

There were no significant associations between the intakes of any other vitamins and self-

reported depression, anxiety, or insomnia (Table 2, in III). (Study III)

Table 7. Results of the present study by end-points: self-reported depression, self-
reported anxiety, self-reported insomnia, hospital admission due to MDD, and mania,
suicide, and bipolar disorder.

Vitamins Significant differences No significant differences
Associated with vitamin By, in No association between other end-
Bj,, Cobalamin the linear regression analyses. points.

No association between any of study
Folate end-points.

No association between any of study
B,, Thiamine end-points.

No association between any of study
B,, Riboflavin end-points.

No association between any of study
Bg, Pyridoxine end-points.

No association between any of study
Vitamin D end-points.

Additional data on vitamins

Baseline characteristics of the study subjects with a hospital admission due to MDD and
due to bipolar disorder are given in Table 7, and the intakes of dietary vitamins B and D in
Table 8. The intakes on average were similar in all groups. There were no significant
associations of intakes of vitamins or homocysteine with any of the study end-points
(Table 9). Dietary intake of vitamin D was associated with baseline serum total and HDL

cholesterol levels (r=0.14, p=0.02, and r=0.12, p=0.05, respectively).
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Table.8 Baseline characteristics of subjects with hospital admission due to major depressive

disorder and to manic episodes.*

Depression Mania Whole cohort
n=244 n=48 n=28 844

Mean s.d Mean s.d Mean s.d
Age (years) 56.9 5.02 56.1 4.13 57.7 5.08
Energy (kcal/day) 2845 837 2823 895 2814 786
Smoking (cig/day) 21.5 9.28 24.9 10.1 20.4 8.82
Alcohol (g/day) 16.8 19.8 18.5 30.7 18.0 21.6
Body mass index (kg/m?>) 26.3 4.06 27.3 4.48 26.3 3.81
Total serum cholesterol (mmol/1) 6.17 1.16 6.15 1.19 6.24 1.17
HDL serum cholesterol (mmol/l) 1.21 0.33 1.13 0.30 1.23 0.34

*There were no significant differences between groups and the whole cohort.

Table 9. The intake of vitamins by hospital admission due to major depressive disorder and due to manic

episode. *
Depression Mania ‘Whole cohort
n=244 n=48 n=28 844

Mean s.d Mean s.d Mean s.d
B2, Cobalamin (ug/day) 11.5 5.14 12.2 5.88 11.1 4.8
Folate (png/day) 344 109 356 122 337 104
B, Thiamine (mg/day) 2.12 0.62 2.05 0.66 2.07 0.59
B,, Riboflavin (mg/day) 3.03 1.02 3.08 1.10 2.93 0.98
Bg, Pyridoxine (mg/day) 2.59 0.73 2.56 0.82 2.51 0.71
Vitamin D (ug/day) 5.39 3.39 5.64 3.57 5.49 3.10

*There were no significant differences between groups and the whole cohort.
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Table 10. Relative risk (RR)a and 95% confidence intervals (CI) of hospital admission
due to major depressive disorder and to manic episode by baseline intake of vitamins.

Intake of vitamins (in quartile)® Depression Mania

Bi,, Cobalamin (pg/day) <177 1.00 1.00
7.7-10.3 1.05 | 0.86-1.29 1.01 0.59-1.73
10.3-13.5 | 1.06 | 0.94-1.18 0.88 0.62-1.26
>13.5 1.04 | 0.96-1.13 1.01 0.79-1.28

B, Pyridoxine (mg/day) <2.0 1.00 1.00
2.0-2.4 1.06 | 0.86-1.31 0.70 0.40-1.22
2.4-2.9 1.06 | 0.94-1.20 0.73 0.47-1.14
>29 1.09 | 0.99-1.20 1.09 0.82-1.45

B, Thiamine (mg/day) <1.7 1.00 1.00
1.7-2.0 094 | 0.75-1.17 0.55 0.27-1.08
2.0-2.4 1.11 0.97-1.27 0.89 0.57-1.37
>24 1.12 | 0.99-1.26 1.13 0.80-1.58

B,, Riboflavin (mg/day) <22 1.00 1.00
2.2-2.8 0.87 | 0.70-1.08 1.08 0.62-1.88
2.8-3.5 1.10 | 0.97-1.24 0.95 0.66-1.37
>3.5 1.09 | 0.99-1.20 1.09 0.82-1.45

Folate (ng/day) <265 1.00 1.00
265-325 1.04 | 0.85-1.28 0.54 0.28-1.06
325-395 0.98 | 0.86-1.12 0.90 0.59-1.38
> 395 1.06 | 0.95-1.18 1.15 0.85-1.55

Vitamin D (ug/day) <34 1.00 1.00
3.4-4.8 1.18 | 0.97-1.43 0.53 0.28-1.02
4.8-6.9 0.97 | 0.87-1.09 0.96 0.96-1.38
>6.9 0.94 | 0.86-1.03 1.11 0.88-1.40

* The relative risk was adjusted for baseline age, body mass index, energy intake,
education, marriage, self-reported depression, self-reported anxiety, and consumption of

alcohol.

® The lowest intake quartile as reference.
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8.4 Additional data on food consumption in those with symptoms of

depressed mood, anxiety, and insomnia

At study entry, 4314 (16%) of men reported depressed mood in the past four months, 6498
(24%) feelings of anxiety, and 5550 (21%) insomnia. There were no statistical significant
differences between study subjects, but there was some variation in the intake of energy,
alcohol, coffee and milk between healthy subjects and subjects with self-reported

depressed mood, anxiety, and insomnia.

The mean intake of energy was 1-3% greater and consumption of alcohol 30-33% greater
in subjects with any such symptoms, compared with symptom-free individuals. Men
reporting all three symptoms consumed as much as 47% more alcohol than those without
any symptoms. Subjects with insomnia consumed 7% less coffee than symptom-free
individuals, whereas those with depressed mood or anxiety consumed only about 2% less

coffee.

On all four occasions when the symptoms were asked about during the first trial follow-up
year, 782 men reported depressed mood, 1237 feelings of anxiety, 1234 insomnia, and 166
men all three symptoms. Their food consumption and nutrient intakes were similar to men
without these symptoms at baseline (Table 2, in III). Some disparities from the symptom-
free subjects were more obvious, although differences were not statistical significant. The
mean intake of energy was 7.3% greater in subjects with all three co-existing symptoms
compared with symptom-free individuals. Subjects with insomnia consumed 10.9% less

coffee, but 10.2% more milk than those with no symptoms.

8.5 Additional data on food consumption and intakes of nutrients in

subjects with bipolar disorder

There were no statistical significant differences in the consumption of food or intakes of
nutrients between those with bipolar disorder and healthy individuals (Table 2, in V).

Logistic regression models gave no significant results. However, there were some
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variations in intakes of nutrients between bipolar disorder and healthy individuals. In
addition, the intake of protein was associated with affective status in linear regression

analysis (t=2.70, p=0.01).

Bipolar twins consumed more meat (31%), fruit and berries (64%), eggs (45%), and milk
(39%) than healthy co-twins, as calculated in absolute rates between two groups. The mean
intake of margarine was 34% greater in healthy individuals than in those with bipolar
disorder. These differences did not remain significant after subjects with a high frequency
were excluded. The mean consumption of alcohol was 9.9 g/day in the bipolar and 4.1
g/day in healthy individuals. There were no differences in the consumption of coffee or tea

on average.

However, the intake of vitamin B, was 44% greater in women with bipolar disorder than
healthy women. In addition, women with bipolar disorder ingested 26% less omega-3 fatty
acids, and drank less alcohol (p=0.002) than healthy women. Women with bipolar disorder
also ingested 32% less sugar but 70% more fruits and berries, and gained more energy

from protein (p=0.005) than healthy women.

Seasonal association with food items

In the present study sample, there were three significant associations between dietary
intakes and the seasonal changes in mood and behaviour. First, the consumption of coffee
was related to seasonal change in appetite (r=0.55, p=0.04). Second, there was a significant
correlation between intake of energy and the seasonal change in sleep length (r=0.53,
p <0.05). Third, the intake of fruit and berries was linked to the seasonal change in levels

of energy (r=0.63, p=0.02).

Finnish Twin Cohort Questionnaire

There were additional results from the Finnish Twin Cohort Questionnaire from 1981 and
1990. The mean consumption of alcohol differed significantly between the bipolar and
healthy twins (6.5 versus 11.2 g/day, p=0.04) in 1981. The mean difference in alcohol

consumption increase from 1981 to 1990 in twins with bipolar disorder was 2.0 g per day
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(SD=7.1; 95% CI: -1.9 to 5.9) and in healthy twins 0.0 g per day (SD =7.0; 95% CI: -5.5 to
5.4). Twins with bipolar disorder drank on average 2.0 g more alcohol in 1990 and 0.3 g
more alcohol in 2002, whereas healthy co-twins drank 5.0 g per day less alcohol in 2002 as

compared with their daily consumption in 1981.

There was no significant difference in smoking between the bipolar and healthy twins. In
1990, the mean years smoked was 18.8 years in twins with bipolar disorder and 26.1 years
in healthy co-twins. The mean difference in smoking from 1981 to 1990 in the twins with
bipolar disorder was 6.8 years (SD= 4.0; 95% CI: 3.5 to 10.2) and in healthy twins 10.8
years (SD=2.3; 95% CI: 5.0 to 16.6).

There were no significant differences in the consumption of coffee or tea between the
bipolar and healthy twins in the Finnish Twin Cohort Questionnaire data. Bipolar twins
consumed 5.6 cups of coffee (SD=3.3; 95% CI: 3.9 to 7.2) and 2.2 cups of tea per day
(SD=1.9; 95% CI: 1.0 to 3.3), whereas healthy twins consumed 5.1 cups of coffee
(SD=2.7; 95% CI: 3.5 to 6.7) and 2.3 cups of tea per day (SD=2.9; 95% CI: 0.2 to 4.7).

8.6 Seasonal changes in subjects with bipolar disorder

At group level, there were significant differences in the extent of seasonal changes in mood
(p=0.02), weight (p=0.02), appetite (p=0.04), and levels of energy (p=0.02), as well as in
the GSS (p=0.004) between the bipolar and healthy twins. The changes were greater in the
bipolar twins.

Twins with bipolar disorder had most (31%) of their hospital admissions during autumn,
but there were no statistically significant differences between the season (Table 2, in IV).
The distribution of depressive and manic episodes did not differ significantly by season
(p=0.06), although the depressive episodes were tended most common in autumn and
winter, and manic episodes in autumn and summer. Also taken into account was the most
frequent season of admission for each individual with recurrent episodes (n=33). Most of
the admissions (52%) occurred in autumn, admission due to depressive episodes being

most frequent during autumn and winter (82%). Seasonal distribution of hospital
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admissions was compared with self-reports of feeling the worst, (p=0.13). Similarly, the
self-reported length of sleep was analysed. The period of sleeping most (longest length of
sleep) did coincide with the admissions, but this association did not reach statistical
significance. The period of sleeping least (shortest length of sleep) was not associated with

admissions (p=0.48).

There was a significant difference in the effect of dry days on feelings of wellbeing
(p=0.04) between the bipolar and healthy twins. Dry days induced a more positive effect
on wellbeing in the bipolar twins. Interestingly, short days had only a negative effect on
wellbeing in the monozygotic twins, whereas the response was diverse among the

dizygotic twins (p=0.02).

Within twin pairs there were greater seasonal changes in sleep length (p=0.01), and mood
(p=0.01), and the GSS (p=0.03) was higher in the bipolar twins compared with their
healthy co-twins. In addition, sunny days (p=0.03) had a greater positive effect on
wellbeing in the bipolar than healthy co-twins. The mean difference (95% CI) between the
bipolar and healthy twins in the GSS was 3.40 (0.65 to 6.15), in sleep length 1.00 (0.36 to
1.64), in social activity 0.80 (0.01 to1.59), in mood 0.93 (0.29 to 1.58), and in sunny days
1.00 (0.15 to 1.85).

The intrapair correlation of the GSS was 0.16 for seven monozygotic twin pairs, and 0.21
for 20 dizygotic twins. The intrapair correlation of the GWS was -0.16 for the monozygotic

twins, and 0.04 for the dizygotic twins.

8.7 Sleep length and debt in subjects with bipolar disorder

The bipolar twins slept longer nights, as self-reported with the FTCQ in 1990, compared
with healthy twins (p=0.01, Table 3, in IV). At follow-up in 1999, as assessed in the
interview, the mean sleep length was 8.21 hours in the morning types (morning larks) and
7.66 hours in the evening types (night owls), as calculated from the SPAQ. When data on
sleep length derived from the SPAQ were compared with those from the FTCQ, healthy
morning and evening types slept less in 1999 than 1981 (Table 4, in 1V). The morning
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types with bipolar disorder slept more in 1999 than 1981. The evening types with bipolar
disorder slept the same time or less than before. When groups of morning types and
evening types were analysed the longest length of sleep was 8.59 hours among the morning

types (in winter), and the shortest was 6.70 hours among the evening types (in summer).

8.8 Circadian type in subjects with bipolar disorder

Among the twin cohort studied the stability of circadian preference remained good from
1981 to 1986 (p <0.0001). The morning type tended to become slightly more prevalent
with age in the whole cohort, as well as in this study sample (Figure 1, in IV). There were
no significant differences in the MES, or in the circadian type preferences between the
bipolar and healthy twins (Table 3, in IV). Whether the MES or GSS differed between
monozygotic and dizygotic twins, or between men and women, was also checked. There

were no differences.

The eveningness preference was associated with a higher GSS (partial correlation, r = -
0.045, p<0.01) after controlling for sex, age, zygosity, and affection status. This
association was seen only for the total score, and there were no significant associations
between the circadian type and seasonal changes in length of sleep, weight or appetite. In
the present study, weight and appetite usually increased in winter and decreased in
summer, but there were no statistical significant differences. In 51% of the individuals the
most common change in weight was 2-3.5 kg during the year, and the 32% of individuals’

food preferences changed by season.
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9 DISCUSSION

9.1 Strengths and limitations of the study

9.1.1 Study subjects

The ATBC Cancer Prevention Study (I, II, II) was an exceptionally large population-based
study sample. There were 29 133 men followed-up for six to eight years. The limitations of
studies I, II, and III are that the participants were men only, of a restricted age cohort, and
all were smokers at study entry. Strict exclusion criteria limit the generalizability of these
study findings to the general population, but the study still provides valid and reliable data

on a community-based, very homogenous sample of older men.

In the twin studies (IV, V) the sample size was small, but derived from an extensive
population-based sample using the National Population Register and the Finnish Twin
Cohort. The participation rate (88%, 67 out of 76 in total) was high. However, there were
only 39 study subjects left in the final study analyses (67% of those invited). This
participation rate could limit the generalizability of these findings. The reason for the low
participation rate is most probably related to the personal tedium of long-lasting studies
and to the general problems of participation. Using the Finnish twin cohort the estimated
incidence of bipolar disorder I in the population during the follow up period of 1970 to
1991, the annual incidence in the 1954-1959 birth cohort was 5.8 to 100 000 (95% CI: 5.4
to 6.3; Kieseppd et al. 2004). The Health 2000 project reports a lifetime prevalence of
bipolar I disorder of 0.24% in Finland (Perdld et al. 2007). The small number of study
subjects limits the generalizability of the findings, but this study still provides valid and
reliable data on bipolar twins. Because of the small study sample in Study IV differences in
the dietary intake between bipolar disorder subjects and healthy subjects may not appear.
Also, this was a study of twins, which as such can limit the generalizability of these results
to the general population. The study sample was collected from Finland, a far northern
country, which can limit the generalizablity of the findings on seasonal changes (Studies

IV, V) for countries at less extreme latitudes.
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9.1.2  Study design

The ATBC Cancer prevention study was a prospective study with a follow-up period of 6
to 8 years. Studies I and II applied a prospective study design. Study III was a partly cross-
section study, which cannot prove causal connection between diet and symptoms of

depression, anxiety, or insomnia.

Studies IV and V were cross-section studies, which again limits the findings, because
causal connection between bipolar disorder and dietary intake of nutrients cannot be
proved. However, there were data available on sleeping habits, alcohol and tobacco
consumption for reference from the Finnish Twin Cohort Questionnaires from 1981 and

1990.

9.1.3  Psychiatric diagnoses

In the ATBC Cancer Prevention Study the data on hospital admissions were derived from
the National Hospital Discharge Register, which covers in-patient admissions to all
medical and psychiatric hospital beds in Finland. The accuracy of the register compared
with medical records is excellent, with data being identical in about 95% of the primary
diagnoses (Keskimiki and Aro, 1991). Versatile data on depression, which increases the

validity and reliability of the assessment, were collected.

In the twin studies (IV, V) all the probands and co-twins were interviewed to confirm the
diagnosis of the probands and to assess any mental disorders of the co-twins by one of the
investigators (T.K) using the Structured Clinical Interview for DSM-IV (SCID) (Spitzer et
al. 1997).
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9.1.4  Questionnaires

Food Use Questionnaire and Food Frequency Questionnaire

Dietary intake and alcohol consumption were assessed with a self-report but validated food
use questionnaire to measure the habitual dietary intake over the previous year as
completely as possible. Both the food use and food frequency questionnaire have been
validated against food records data (Pietinen et al 1988; Paalanen et al. 2006). In the food
use and frequency questionnaires the information relies on the subject’s memory, and
because of the defined food list, some information about the foods actually eaten may be
missed. Paalanen et al (2006) reported overestimation with the FFQ compared to food
records. The most overestimated nutrients were polyunsaturated fatty acids, long chain n-3
fatty acids, carotenoids, vitamin E, and vitamin C in both women and men. However, since
there is underreporting in food records, overestimation in the FFQ could be expected. Also,
the correlations for nutrients between the FFQ and food records were higher in women

than in men, but in the same range as earlier studies.

In the validation process of FFQ the food records data were not optimal, because the food
record covered only three days. This may be a limitation of the validation study (Paalanen
et al. 2006). Also, Pietinen et al (1988) reported that there was overestimation for potatoes,
fruits and juices, while the consumption of fats, fish and coffee, alcohol, and sugar was

slightly underreported.

In the ATBC Cancer Prevention Study the reproducibility of this method is 0.6-0.7 and the
validity 0.6-0.7 for most nutrients (Pietinen et al. 1988). In the twin studies the Pearson
correlation coefficients ranged from 0.14 for retinol to 0.70 for alcohol. The correlation
coefficient for long-chain omega-3 fatty acids was 0.35 in men and 0.20 in women
(Paalanen et al. 2006). These studies concluded that the self-administered food use
questionnaires are useful for measuring individual or group intakes for a variety of

nutrients. In the present study, only two healthy men filled in the FFQ in Study IV.
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The eating habits of twins are rather similar, even in adulthood. The temporal pattern,
energy intake, meal frequency, portion size, meal macronutrient intake, alcohol
consumption, and water composition have strong heritabilities, whereas the shared familial
environment has no major impact on the levels or patterns of eating in adulthood (de
Castro, 1993). As study IV was a study of twins, this may limit the generalizability of these

results.

Symptoms of depressed mood, anxiety and insomnia

Assessment of self-reported depression based only on a single item compromises the
specificity. It has been reported that two to three questions only may be as effective as a
more detailed screening instrument in detecting probable cases of major depression
(Whooley et al. 1997; Arroll et al. 2005). One of these questions (“During the past month,
have you often been bothered by feeling down, depressed, or hopeless?”) is rather similar

to the item that it was used for being indicative of depressed mood.

SPAQ

Magnusson et al (1997) found that six items of GSS correlated well in a population based
study in Iceland and the scale had a high internal consistency. They concluded that GSS is
well constructed and reliable in measuring seasonal changes. Young and co-workes (2003)
also reported good internal consistency and two-month test-retest reliability. Magnusson
(1996) also found excellent sensitivity and specificity (94% and 73%, respectively) for a
“winter problem” group, which included subjects with seasonal affective disorder and

subsyndromal seasonal affective disorder.

Both the seasonal variation in mood and behaviour and the changes in wellbeing attributed
to local weather conditions were retrospectively assessed using a self-rating scale. Score on
the SPAQ tend to vary by season, but not by day length (Lund and Hansen, 2001).
However, this is not a true limitation in this study, because the SPAQ was administered via
research interviews that were distributed evenly over the year. The linguistic accuracy of
the Finnish version has been checked with back translation, but the psychometric

properties are not published yet (personal communication, Timo Partonen).
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MEQ

The MEQ has been validated by studying oral temperatures, typical bed and arising times,
and sleep length of study subjects (Horne and Ostberg, 1976). They reported that morning
types had a significantly earlier peak time than evening types and tended to have a higher
daytime temperature and lower post peak temperature. Morning types retired and arose
significantly earlier than evening types. There was correlation between the peak time and
MEQ (-0.51, p < 0.01). The linguistic accuracy has been checked with back translation, but
the psychometric properties are not published yet (personal communication, Timo

Partonen).

9.2 Associations between mood disorders and mood symptoms and

dietary intakes of specific nutrients

9.2.1 Amino acids

The intakes of two amino acids, serine and lysine, were associated with the increased risk
of hospital treatment due to MDD. Also, the intake of energy from protein was greater in
subjects with bipolar disorder than healthy subjects. It has been reported that a high intake
of protein seems to increase alertness (Rogers, 2001). Maybe patients prefer to eat foods
with a high concentration of proteins because such meal may easily produce higher levels

of activity.

Alternatively, the positive associations between serine and lysine intakes levels and the risk
of MDD may have simple occurred by chance only due to multiple comparisons. There is
evidence of differences in the plasma concentrations of serine in depressed subjects
compared with healthy subjects (Fekkes et al. 1994; Maes et al. 1998, Sumiyoshi et al.
2004). These findings suggest that serine may participate in the regulation of mood. The
role of lysine in brain function is still relatively unknown and evidently worth further

study.
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In the present study, there were no associations between intake of tryptophan and mood
symptoms and disorders. Tryptophan is a precursorof serotonin, which is known to play a
key role in many brain functions, such as mood regulation. A number of studies have
shown that acute tryptophan depletion produces depressive symptoms and results in
worsening of mood, mainly in subjects with depression or vulnerability to depression
(Neumeister et al. 1998; Spillmann et al. 2001). For this reason, tryptophan
supplementation has been applied for the treatment of depressed patients (Lam et al. 1997).
However, a number of negative studies have been published recently, suggesting that the
effects of tryptophan depletion on mood are less consistent (Bell et al. 2001; Van der Does,
2001), and the rationale for augmentation has now been challenged (Nelson, 2000). The
present study results agree with these recent findings in that the effect of tryptophan on
mood may be less robust than earlier assumed. Furthermore, there are no data showing
whether serum serine or lysine concentrations can affect the brain tryptophan uptake by the

brain. There are no data on the effects of smoking on amino acid metabolism.

9.2.2  Omega-3 fatty acids and fish

Neither dietary intake of omega-3 fatty acids, nor fish consumption showed any association
with low mood and related outcomes. In the present study both the dietary intake of omega-
3 fatty acids, and fish consumption , were linked to the three-level assessment of low mood:
as a symptom (self-report) and as pathology (disorder or suicide) in a population. This
finding conflicts with the some results of Finnish population based studies. Tanskanen et al.
(2001a; 2001b) and Timonen et al. (2004) have reported that those who rarely eat fish have
higher risk of depression, but this association was found only in women in two studies.
Unfortunately, there were no women in the present study, but the study population was
substantially bigger than other population based studies. Another strength of the present
study was the MDD diagnoses from National Hospital Discharge Register. In other
population based studies depressive diagnoses have been diagnosed by questionnaires.
Even in same country (Finland) there are no consistent results for both sexes about the

associations between fish consumption and mood disorders.
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Moreover, there are conflicting findings from supplemental use of omega-3 fatty acids in
mood disorders. Three placebo-controlled trial have found therapeutic effects of omega-3
fatty acids in depression (Nemets et al. 2002; Peet et al. 2002; Su et al. 2003), but other
studies did not find beneficial effects (Marangell et al. 2003; Silvers et al. 2005). The
primary study of Stoll et al. (1999) reported that supplemental use of omega-3 fatty acids
may have therapeutic effects on patients with bipolar disorder. However, the latest study

failed to confirm these findings (Keck et al. 2006).

The doses have been 1 g to 9.6 g per day in studies with supplemental use of omega-3 fatty
acids. Usually the doses used in these studies have exceeded by several times the dietary
intake levels (average intake of 2.2 g/day vs 0.47 g/day from fish). The average intake of
omega-3 fatty acids tends to be rather similar across most Western countries. For example,
the average intake of omega-3 fatty acids was 1.2 g/day in men in the USA (Suzuki et al.
2002). So the overall amount of omega-3 fatty acids in the diet of the present study
population (2.2 g/day) is higher but still in line with that in other industrialized populations.

This study subjects reporting anxiety had higher intakes of omega-3 and omega-6 fatty
acids. The one exception was that omega-3 fatty acids from fish were not linked to any of
the symptoms. Margarine was revealed as the main source of omega-3 fatty acids from
vegetables, and of omega-6 fatty acids. Subjects with depressed mood also had a higher
intake of omega-6 fatty acids. Because 3,138 (73%) subjects with depressed mood also had
feelings of anxiety, it may be that anxiety is the dominant symptom, and the greater intake
of omega-3 and omega-6 fatty acids is primarily related to feelings of anxiety. There are no
previous studies about associations between omega-6 fatty acids and mood. It has been
reported that smokers have lower erythrocyte polyunsaturated fatty acids status (Hibbeln et
al. 2003). In the present study there were no data on erythrocyte polyunsaturated fatty acids

levels.

9.2.3  Vitamins

The main finding in the vitamin study was that there was no association between the intake

of vitamins (folate, B2, Bs, B2, By, vitamin D), or of homocysteine, and the risk of
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subsequent hospital treatment for affective disorder. The intakes of these vitamins
exceeded the daily recommendations. It has been hypothesized that a combination of
decreased appetite, decreased absorption, and increased utilization of folate results in folate
depletion and eventually produces a central nervous system effect (Abou-Saleh and
Coppen, 1986). The present study showed that there were no low intakes of folate or B,

vitamin.

In the bipolar twin study, too, the dietary intakes of vitamins exceeded the daily
recommendations and showed no association with bipolar disorder, except for vitamin By5.
In this study sample, the intake of vitamin B;, was greater in twins with bipolar disorder
than in healthy co-twins. The best sources of vitamin Bj, are meat, liver, milk, and fish.
There is no obvious explanation why the intake of vitamin B, was greater in twins with
bipolar disorder. The hypotheses which support an association of vitamin B;, and mood
disorders need more study. Shortage of vitamin By has been linked to various neurological
and psychiatric disorders, such as affective illness (Goggans, 1984; Hector and Burton,
1988; Lindenbaum et al. 1988; Healton et al. 1991). It has been reported that depressed
subjects have low serum vitamin B, levels (Pennincx et al. 2000; Tiemeier et al. 2002),
but there are also contradictory findings (Fava et al.1997; de Jong et al. 2001; Bjelland et
al. 2003).

Another explanation for the association of vitamin Bj, with depression is the effect that
vitamin B;; may have on the circadian system. Vitamin B, seems to modulate melatonin
secretion (Yamazaki et al. 1991), to increase core body temperature later in the day

(Uchiyama et al. 1995), and to enhance response to light exposure (Hashimoto et al. 1996).

Smoking is known to be associated with an increased plasma homocysteine level and
reduced levels of folate, vitamin B;, and vitamin B¢ (de Bree et al. 2001a; 2001b;
O’Callaghan et al. 2002). In this study there were no data on serum levels of vitamins.
However, smokers in this study clearly exceeded daily recommendations for the intakes of

folate, vitamin B, and vitamin Bg clearly.
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9.3 Dietary intakes of food consumption and nutrients in those with

symptoms of depressed mood, anxiety, and insomnia

Subjects with any or all of the symptoms consumed more alcohol than the symptom-free
subjects. Subjects with depressed mood, anxiety and insomnia consumed the most alcohol
of all, and they received 6% of their total energy from alcohol, compared to 4.3% in
subjects with no symptoms. Energy from alcohol did not, however, explain the differences
in mean intake of energy between groups. Alcohol, in particular, is a notable source of
extra energy, whose excessive consumption should be avoided when suffering mental
health problems. Body-mass index was lower, despite a higher caloric intake, in subjects
with symptoms compared to symptom-free subjects. It also found that subjects reporting
depressed mood consumed more carbohydrates than subjects with no symptoms in the
present study. This finding is consistent with the previous reports that some depressed
subjects try to alleviate depressive symptoms by carbohydrate craving (Christensen and
Pettijohn, 2001). Depressed subjects tend to consume more carbohydrates in their diets

than non-depressed individuals (Christensen and Somers, 1996).

9.4 Dietary intake, drinking and smoking and bipolar disorder

There were no significant differences in the consumption of foods or the intakes of
nutrients between twins with bipolar disorder and healthy co-twins. Logistic regression
models gave no significant results. However, there were some variations in the dietary
intakes of nutrients. The main findings of the this study are that the intake of energy from
protein and the intake of vitamin Bj, are greater in twins affected with bipolar disorder
than in healthy co-twins. Bipolar twins also ingesteded more meat, fruits and berries, eggs,
and milk, and drank more alcohol than healthy twins. Interestingly, women with bipolar
disorder had a more healthy way of eating and drinking than healthy women. It was
hypothesised in this study that women with bipolar disorder have less symptoms of bipolar
disorder and less hospital admissions than men with bipolar disorder. However, there were

no differences in the number of admissions between men and women with bipolar disorder.

71



9.5 Sleep habits and seasonal changes in subjects with bipolar disorder

It is known that sleep disturbances have an impact on the mood, and the present study
aimed to include the investigation of sleep habits and circadian rhythms in subjects with
bipolar disorder. The circadian system is responsible for regulating many physiological and
behavioural rhythms in 24-hour cycles (Reppert and Weaver, 2002). Deletions of the
circadian genes results not only in circadian abnormalities, but also in metabolic
abnormalities of glucose and lipid homeostasis, a phenotype resembling the metabolic
syndrome. Turek et al (2005) reported that rats with a mutation in the circadian clock gene
had disturbances in the diurnal feeding rhythm which resulted in them becoming obese and
developing metabolic syndrome. Rudic et al. (2004) have demonstrated that mutations in
the clock gene affected to plasma glucose and triglyceride concentrations and influence the
development of glucose intolerance and insulin resistance in response to a high-fat diet.

Research is urgently needed to clarify these connections in detail.

9.5.1  Sleep habits

During 1981 to 1999 follow-up, the length of sleep shortened among the healthy twins.
Shortage of sleep has been a common phenomenon in western societies. In contrast, the
bipolar twins of sample slept even more in 1999. When subjects with a greater sleep debt
and subjects with no sleep debt were compared, there was no difference in the intake of
energy. It has been observed that those who sleep less than seven hours per night are more
likely to be obese (Gangwisch et al. 2005; Patel et al. 2006). It has also been reported that
that subjects with sleep debt have more obesity, and that sleep debt is a risk factor for
metabolic syndrome (Wolk and Somers, 2007). The verification of this association needs

further research.

9.5.2  Circadian type

There were no differences in circadian type between patients with bipolar disorder and
healthy study subjects. Preference for evening activities has been associated with a greater

need for sleep (Taillard et al. 1999). In this study, the evening types had greater sleep debt
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than the morning types. This finding agrees with previous data showing that the evening

types do experience a need for longer sleep (Taillard et al. 1999).

9.5.3  Seasonal changes

It was found that seasonal changes in sleep length and in mood were greater in twins with
bipolar disorder compared with their co-twins with no mental disorder. This accords with

previous finding of a circadian fluctuation in bipolar disorder (Shin et al. 2005).

There was a positive correlation between the intake of energy and the seasonal change in
sleep length. Twins with bipolar disorder ingested more energy than healthy twins.
Disturbances in circadian rhythms probably induce fatigue. It is possible that those who
feel tired tend to eat more, for instance fruits and berries, and to drink more coffee in order

to reduce sleepiness and stay alert.

It was found that autumn was generally the worst time for patients with depressive and
manic episodes, especially those with recurrent episodes. This may also affect dietary

intake.
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9.6 Implications for future research

1. In this study there were no associations found between nutrition and mood disorders in
men, although these results need to be confirmed with population based-studies which also
include women. In particular, the possible beneficial effects of omega-3 fatty acids on
mood need further research.

2. In this study the intake of nutrients exceeded the daily recommendations and there were
no associations between in the dietary intakes of nutrients and mood disorders and
symptoms. It remains to be elucidated whether there is a difference in the metabolism of
nutrients between subjects with mood disorders and healthy controls. Such studies would
require total serum levels of different nutrients in depressed people and healthy study
subjects. It is important to find out whether there are individual differences in metabolism
or bioavalability, because if so it may be possible to maybe prevent depression by
increasing the daily intake of specific nutrients.

3. This present study did not clarify the value of supplemental use of omega-3fatty acids.
However, the findings of earlier studies indicate that more research is needed to clarify the

beneficial effects of supplemental use ofomega-3 fatty acids on mood disorder.

4. More studies of the circadian clock genes and their associations with mood disorders are
needed. It is important to investigate how these genes affect the diurnal rhythms of feeding
and sleeping and whether polymorphisms of these genes can to some extent explain the
pathogenesis of bipolar disorder. This may pave the way to new options in the prevention
and treatment of bipolar disorder. It will also be important to study how diet and lifestyle
habits (exercise, sleep) affect regulation of these genes and whether mood disorders can be
prevented by specific interventions of life habits, especially in those with high risk of mood

disorders.
5. The present study found that autumn was the worst time for bipolar patients, as most of

hospital admissions were in autumn. This should be taken into account in future studies,

especially in the assessment of the dietary intake. It should also be noted in clinical work.
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10 CONCLUSIONS

The present study focused on five specific questions as follows.

Is the intake of tryptophan related to depression? (Study I)
Finding: Tryptophan did not associate with self-reported depression, hospital admission

due to MDD, or suicide.

Is the intake of omega-3 fatty acids related to depression? (Study II)
Finding: Omega-3 fatty acids did not associate with self-reported depression, hospital

admission due to MDD, or suicide.

How does mood affect eating habits? (Study I11)

Finding: There were no statistically significant differences between healthy subjects and
subjects with depressed mood, anxiety symptoms, or insomnia. However, men reporting all
three symptoms consumed as much as 47% more alcohol than those without any

symptoms.

How does bipolar disorder affect eating habits? (Study IV)
Finding: After adjustment for sex and age, the intakes of vitamin B, and of protein were

significantly associated with bipolar disorder.

How does bipolar disorder affect seasonal changes in mood and behaviour? (Study V)
Finding: It was found that seasonal changes in sleep length and in mood were greater in

twins with bipolar disorder compared with their co-twins with no psychiatric disorder.

In conclusion, no significant association between dietary intakes of nutrients and mood
disorders in the present study. These results did not lend support to the view that dietary
intakes have a major role in mental health. More studies are needed to clarify these

connections in future.

75



11 ACKNOWLEDGEMENTS

This study was carried out in the Department of Mental Health and Alcohol Research of
the National Public Health Institute in Helsinki during the years 2001-2007. I wish to
express my gratitude to both the former and the present Director General of the National
Public Health Institute, Professors Jussi Huttunen and Pekka Puska, for the facilities to
perform this study. As an academic dissertation, this study took place in the Department of
Psychiatry at the University of Kuopio, for which I am sincerely grateful. My thanks to

Professor Johannes Lehtonen for this opportunity.

I wish to thank Professor Jouko Lonngvist for introducing me to psychiatric research and

supporting me in all my research work.

I am most grateful to my supervisors, docents Timo Partonen and Jukka Hintikka. Docent
Timo Partonen has been a source of encouragement and patience guidance. I appreciate all
the time and valuable advice he gave me. I wish to thank Docent Jukka Hintikka for his

encouragement and wise counsel and for his constructive criticism for this thesis.

Professor Esa Leinonen and Docent Liisa Valsta are warmly thanked for reviewing this

thesis and for their valuable advice and constructive criticism for improving it.

I want to thank all my co-authors for their collaboration. Thank you for all your advice. |
am very grateful to Docent Jari Haukka, whose expertise in epidemiology and statistics
was essential, and to Tuula Kieseppd M.D., Ph.D. for her help and collaboration with the
twin studies. I wish to thank Docent Satu Ménnisto for her nutritional knowledge, help and
support. Warm thanks to Research Professor Jarmo Virtamo for his critical advise and
expertise in epidemiological studies. I am grateful to Professor Jaakko Kaprio for the
opportunity to use his materials and for his advice. I also thank Professor Markku

Koskenvuo and Demetrius Albanes M.D. for their constructive criticism of the articles.

Warm thanks go to all the friendly staff at the National Public Health Institute: Tuula
Koski, Olli Kiviruusu, Tiina Hara, Sirkka Laakso, and all the girls on the 6th floor. They

76



were always there to support and help answer my questions. Also warm thanks to Jonna

Perild M.D. and Laura Niemi M.D., Ph.D. for their support.

Warm thanks to Richard Burton, B.Sc. for checking the language of this book.

For the support I received from the Emil Aaltonen Foundation, Kuopio University

Foundation and Finnish Graduate School of Psychiatry I am deeply grateful.

I very grateful to all my dear friends who have supported me through this long process. I
also want to thank my parents for their encouragement and financial assistance, and my
brother who has always supported me. My dearest thanks goes to to my wonderful husband

Petri, for loving and supporting me.

77



12

10.

11.

12.

13.

14.

15.

16.

REFERENCES

Abou-Saleh M, Coppen A. The biology of folate in depression: implications for
nutritional hypotheses of the psychoses. J Psychiatr Res. 1986; 20: 91-101.
Abou-Saleh MT, Coppen A. Serum and red blood cell folate in depression. Acta
Psychiatr Scand 1989; 80: 78-82.

Alpert JE, Fava M. Nutrition and depression: the role of folate. Nutr Rev 1997;
55:145-9.

Ambelas A. Life events and mania. A special relationship? Br J Psychiatry 1987;
150: 235-40.

American Psychiatric Association. Diagnostic and Statistical Manual of Mental
Disorder, 3rd ed. revised (DSM-III-R). Washington, DC: American Psychiatric
Association, 1987.

American Psychiatric Association. Diagnostic and Statistical Manual of Mental
Disorder, 4" ed. Washington, DC: American Psychiatric Association, 1994.
American Psychiatric Association. Practice guideline for the treatment of patients
with major depressive disorder (revision). American Psychiatric Association. Am J
Psychiatry 2000; 157(4 Suppl):1-45.

Appleton KM, Peters TJ, Hayward RC, Heatherley SV, McNaughton SA, Rogers PJ,
Gunnell D, Ness AR, Kessler D. Depressed mood and n-3 polyunsaturated fatty acid
intake from fish: non-linear or confounded association? Soc Psychiatry Psychiatr
Epidemiol 2007; 42:100-104.

Arroll B, Goodyear-Smith F, Kerse N, Fishman T, Gunn J. Effect of the addition of a
"help" question to two screening questions on specificity for diagnosis of depression
in general practice: diagnostic validity study. BMJ 2005; 331: 884.

ATBC Cancer Prevention Study Group. The alpha-tocopherol, beta-carotene lung
cancer prevention study: design, methods, participant -characteristics, and
compliance. Ann Epidemiol 1994; 4: 1-10.

Baruah S, Waziri R, Hegwood TS, Mallis LM. Plasma serine in schizophrenics and
controls measured by gas chromatography-mass spectrometry. Psychiatry Res 1991;
37:261-70.

Bell IR, Morrow FD, Read M, Berkes S, Perrone G. Low thyroxine levels in female
psychiatric inpatients with riboflavin deficiency: implications for folate-dependent
methylation. Acta Psychiatr Scand 1992; 85: 360-3.

Bell C, Abrams J, Nutt D. Tryptophan depletion and its implications for psychiatry.
Br J Psychiatry 2001; 178: 399-405.

Benedetti F, Serretti A, Colombo C, Barbini B, Lorenzi C, Campori E, Smeraldi E.
Influence of CLOCK gene polymorphism on circadian mood fluctuation and illness
recurrence in bipolar depression. Am J Med Genet B Neuropsychiatr Genet 2003
Nov 15; 123: 23-6.

Benkelfat C, Seletti B, Palmour RM, Hillel J, Ellenbogen M, Young SN. Tryptophan
depletion in stable lithium-treated patients with bipolar disorder in remission. Arch
Gen Psychiatry 1995; 52: 154-6.

Bhatti T, Gillin JC, Seifritz E, Moore P, Clark C, Golshan S, Stahl S, Rapaport M,
Kelsoe J. Effects of a tryptophan-free amino acid drink challenge on normal human
sleep electroencephalogram and mood. Biol Psychiatry 1998; 43: 52-9.

78



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.
29.
30.
31.

32.
33.

34.

35.

Bjelland I, Tell GS, Vollset SE, Refsum H, Ueland PM. Folate, vitamin B12,
homocysteine, and the MTHFR 677C->T polymorphism in anxiety and depression:
the Hordaland Homocysteine Study. Arch Gen Psychiatry 2003; 60: 618-26.
Bottiglieri T. Folate, vitamin B12, and neuropsychiatric disorders. Nutr Rev 1996;
54:382-90.

Bottiglieri T, Laundy M, Crellin R, Toone BK, Carney MW, Reynolds EH.
Homocysteine, folate, methylation, and monoamine metabolism in depression. J
Neurol Neurosurg Psychiatry 2000; 69: 228-32.

Bremner JD, Innis RB, Salomon RM, Staib LH, Ng CK, Miller HL, Bronen RA,
Krystal JH, Duncan J, Rich D, Price LH, Malison R, Dey H, Soufer R, Charney DS.
Positron emission tomography measurement of cerebral metabolic correlates of
tryptophan depletion-induced depressive relapse. Arch Gen Psychiatry 1997; 54:
364-74.

Breslau N, Peterson EL, Schultz LR, Chilcoat HD, Andreski P. Major depression and
stages of smoking. A longitudinal investigation. Arch Gen Psychiatry 1998; 55: 161-6.
Brice CF, Smith AP. Effects of caffeine on mood and performance: a study of
realistic consumption. Psychopharmacology (Berl) 2002; 164: 188-92.

Brunello N, Mendlewicz J, Kasper S, Leonard B, Montgomery S, Nelson J, Paykel E,
Versiani M, Racagni G. The role of noradrenaline and selective noradrenaline
reuptake inhibition in depression. Eur Neuropsychopharmacol 2002; 12: 461-75.
Bryan J, Calvaresi E, Hughes D. Short-term folate, vitamin B-12 or vitamin B-6
supplementation slightly affects memory performance but not mood in women of
various ages. J Nutr 2002; 132: 1345-56.

Cappiello A, Sernyak MJ, Malison RT, McDougle CJ, Heninger GR, Price LH.
Effects of acute tryptophan depletion in lithium-remitted manic patients: a pilot
study. Biol Psychiatry 1997; 42: 1076-8.

Carney MW, Chary TK, Laundy M, Bottiglieri T, Chanarin I, Reynolds EH, Toone
B. Red cell folate concentrations in psychiatric patients. J Affect Disord 1990; 19:
207-13.

Caspi A, Sugden K, Moffitt TE, Taylor A, Craig IW, Harrington H, McClay J, Mill
J, Martin J, Braithwaite A, Poulton R. Influence of life stress on depression:
moderation by a polymorphism in the 5S-HTT gene. Science 2003; 301: 386-9.
Cassidy F, Murry E, Carroll BJ. Tryptophan depletion in recently manic patients
treated with lithium. Biol Psychiatry 1998; 43: 230-2.

Chanarin I, Deacon R, Lumb, M, Perry J. Cobalamin-folate interrelations. Blood Rev
1989; 3: 211-5.

Christensen L, Somers S. Comparison of nutrient intake among depressed and
nondepressed individuals. Int J Eat Disord 1996; 20: 105-9.

Christensen L. The effect of food intake on mood. Clin Nutr 2001; 20: 161-6.
Christensen L, Pettijohn L. Mood and carbohydrate cravings. Appetite 2001; 36:137-45.
Colombo C, Lucca A, Benedetti F, Barbini B, Campori E, Smeraldi E. Total sleep
deprivation combined with lithium and light therapy in the treatment of bipolar
depression: replication of main effects and interaction. Psychiatry Res 2000; 95: 43-53.
Cooper JR, Bloom FE, Roth RH. Serotonin (5-hydroxytryptamine) and histamine. In
The biochemical basis of neuropharmacology, 7 th edition. Oxford University Press
1996.

Coppen A, Eccleston EG, Peet M. Total and free tryptophan concentration in the
plasma of depressive patients. Lancet 1973; 2: 60-3.

79



36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.
52.

Coppen A, Bailey J. Enhancement of the antidepressant action of fluoxetine by folic
acid: a randomised, placebo controlled trial. J Affect Disord 2000; 60: 121-30.
Corruble E, Guelfi JD. Pain complaints in depressed inpatients. Psychopathology
2000; 33: 307-9.

Corvin E, O’Mahony E, O’Regan M, Comerford C, O’Connell R, Craddock N, Gill
M. Gigarette smoking and psychotic symptoms in bipolar affective disorder. Br J
Psychiatry 2001; 179: 35-8.

Cowen PJ, Parry-Billings M, Newsholme EA. Decreased plasma tryptophan levels in
major depression. J Affect Disord 1989; 16: 27-31.

Craddock N, O'Donovan MC, Owen MJ. The genetics of schizophrenia and bipolar
disorder: dissecting psychosis. J] Med Genet 2005; 42: 193-204.

Davies PS, Bates CJ, Cole TJ, Prentice A, Clarke PC. Vitamin D seasonal and
regional differences in preschool children in Great Britain. Eur J Clin Nutr 1999; 53:
195-8.

de Bree A, Verschuren WM, Blom HJ, Kromhout D. Association between B vitamin
intake and plasma homocysteine concentration in the general Dutch population aged
20-65 y. Am J Clin Nutr 2001a; 73:1027-33.

de Bree A, Verschuren WM, Blom HJ, Kromhout D. Lifestyle factors and plasma
homocysteine concentrations in a general population sample. Am J Epidemiol 2001b;
154: 150-4.

de Castro JM. Genetic influences on daily intake and meal patterns of humans.
Physiol Behav 1993; 53: 777-82.

de Jong N, Chin A, Paw MJ, de Groot LC, Rutten RA, Swinkels DW, Kok FJ, van
Staveren WA. Nutrient-dense foods and exercise in frail elderly: effects on B
vitamins, homocysteine, methylmalonic acid, and neuropsychological functioning.
Am J Clin Nutr 2001; 73: 338-46.

De Vriese SR, Christophe AB, Maes M. In humans, the seasonal variation in poly-
unsaturated fatty acids is related to the seasonal variation in violent suicide and
serotonergic markers of violent suicide. Prostaglandins Leukot Essent Fatty Acids
2004; 71: 13-8.

Deijen JB, van der Beek EJ, Orlebeke JF, van den Berg H. Vitamin B-6
suplementation in elderly men: effects on mood, memory, performance and mental
effort. Psychopharmagology (Berl) 1992; 109: 489-96.

Delgado PL, Charney DS, Price LH, Aghajanian GK, Landis H, Heninger GR.
Serotonin function and the mechanism of antidepressant action. Reversal of
antidepressant-induced remission by rapid depletion of plasma tryptophan. Arch Gen
Psychiatry 1990; 47: 411-8.

Delgado PL, Price LH, Miller HL, Salomon RM, Aghajanian GK, Heninger GR,
Charney DS. Serotonin and the neurobiology of depression. Effects of tryptophan
depletion in drug-free depressed patients. Arch Gen Psychiatry 1994; 51: 865-74.
Delgado PL, Miller HL, Salomon RM, Licinio J, Krystal JH, Moreno FA, Heninger
GR, Charney DS. Tryptophan-depletion challenge in depressed patients treated with
desipramine or fluoxetine: implications for the role of serotonin in the mechanism of
antidepressant action. Biol Psychiatry 1999; 46: 212-20.

Doris A, Ebmeier K, Shajahan P. Depressive illness. Lancet 1999; 354: 1369-75.
Dumville JC, Miles JN, Porthouse J, Cockayne S, Saxon L, King C. Can vitamin D
supplementation prevent winter-time blues? A randomised trial among older women.
J Nutr Health Aging 2006; 10: 151-3.

80



53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Dunlop BW, Nemeroff CB. The role of dopamine in the pathophysiology of
depression. Arch Gen Psychiatry 2007; 64: 327-37.

Ebert D, Martus P. Somatization as a core symptom of melancholic type depression.
Evidence from a cross-cultural study. J Affect Disord 1994; 32: 253-6.

Edwards R, Peet M, Shay J, Horrobin D: Omega-3 polyunsaturated fatty acid levels
in the diet and in red blood cell membranes of depressed patients. J Affect Disord
1998; 48: 149-55.

Ellicott A, Hammen C, Gitlin M, Brown G, Jamison K. Life events and the course of
bipolar disorder. Am J Psychiatry 1990; 14: 1194-8.

Elmslie J, Mann J, Silverstone J, Williams S, Romans S. Determinants of overweight
and obesity in patients with bipolar disorder. J Clin Psychiatry 2001; 62: 486-91.
Faedda G, Tondo L, Teicher M, Baldessarini R, Gelbard H, Floris G. Seasonal mood
disorders. Patterns of seasonal recurrence in mania and depression. Arch Gen
Psychiatry 1993; 50: 17-23.

Fava M, Borus JS, Alpert JE, Nierenberg AA, Rosenbaum JF Bottiglieri T. Folate,
B12, and homocysteine in major depressive disorder. Am J Psychiatry 1997; 154:
426-8.

Fekkes D, Pepplinkhuizen L, Verheij R, Bruinvels J. Abnormal plasma levels of
serine, methionine, and taurine in transient acute polymorphic psychosis. Psychiatry
Res 1994; 51: 11-8.

Fergusson DM, Goodwin RD, Horwood LJ. Major depression and cigarette smoking:
results of a 21-year longitudinal study. Psychol Med 2003; 33: 1357-6.

Fernstrém JD, Wurtman RJ. Brain serotonin content: Physiological dependence on
plasma tryptophan levels. Science 1971a; 173: 149-52.

Fernstrom JD, Wurtman RJ. Brain serotonin content: increase following ingestion of
carbohydrate diet. Science 1971b; 174; 1023-5.

Finnish Centre for Pensions: Recipients of a disability pension as a statutory arnings-
related pensions 2005:

http://www.etk.fi/Binary.aspx?Section=43419&Item=58763

Frangou S, Lewis M, McCrone P. Efficacy of ethyl-eicosapentaenoic acid in bipolar
depression: randomised double-blind placebo-controlled study.

Br J Psychiatry 2006; 188: 46-50.

Frasure-Smith N, Lesperance F, Julien P. Major depression is associated with lower
omega-3 fatty acid levels in patients with recent acute coronary syndromes. Biol
Psychiatry 2004; 55: 891-6.

Gangwisch JE, Malaspina D, Boden-Albala B, Heymsfield SB. Inadequate sleep as a
risk factor for obesity: analyses of the NHANES 1. Sleep 2005; 28: 1289-96.

Gesch CB, Hammond SM, Hampson SE, Eves A, Crowder MJ. Influence of
supplementary vitamins, minerals and essential fatty acids on the antisocial
behaviour of young adult prisoners. Randomised, placebo-controlled trial. Br J
Psychiatry 2002; 181: 22-8.

Gitlin MJ, Swendsen J, Heller TL, Hammen C. Relapse and impairment in bipolar
disorder. Am J Psychiatry 1995; 152: 1635-40.

Godfrey PS, Toone BK, Carney MW, Flynn TG, Bottiglieri T, Laundy M, Chanarin
I, Reynolds EH. Enhancement of recovery from psychiatric illness by methylfolate.
Lancet 1990; 336: 329-95.

Goggans FC. A case of mania secondary to vitamin B12 deficiency. Am J Psychiatry
1984; 141: 300-1.

81



72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.
84.

85.

86.

87.

88.

89.

90.

Gonzalez-Pinto A, Gutierrez M, Ezcurra J, Aizpuru F, Mosquera F, Lopez P, de
Leon J. Tobacco smoking and bipolar disorder. J Clin Psychiatry 1998; 59: 225-8.
Green P, Hermesh H, Monselise A, Marom S, Presburger G, Weizman A. Red cell
membrane omega-3 fatty acids are decreased in nondepressed patients with social
anxiety disorder. Eur Neuropsychopharmacol 2006; 16: 107-13.

Haapa E, Toponen T, Pietinen P, Rédsdnen L. Annoskuvakirja (In Finnish). Helsinki:
The National Public Health Institute and Department of Nutrition, University of
Helsinki, 1985.

Harris EC, Barraclough B. Suicide as an outcome for mental disorders. A meta-
analysis. Br J Psychiatry 1997; 170: 205-28.

Harvey AG, Schmidt DA, Scarna A, Semler CN, Goodwin GM. Sleep-related
functioning in euthymic patients with bipolar disorder, patients with insomnia, and
subjects without sleep problems. Am J Psychiatry 2005; 162: 50-7.

Hasanah CI, Khan UA, Musalmah M, Razali SM. Reduced red-cell folate in mania. J
Affect Disord 1997; 46: 95-9.

Hashimoto S, Kohsaka M, Morita N, Fukuda N, Honma S, Honma K. Vitamin B12
enhances the phase-response of circadian melatonin rhythm to a single bright light
exposure in humans. Neurosci Lett 1996; 220; 129-32.

Healton EB, Savage DG, Brust JC, Garrett TJ, Lindenbaum J. Neurologic aspects of
cobalamin deficiency. Medicine (Baltimore) 1991; 70: 229-45.

Hector M, Burton JR. What are the psychiatric manifestations of vitamin B12
deficiency? J Am Geriatr Soc 1988; 36: 1105-12.

Heltzer JE, Pryzbeck TR. The co-occurrence of alcoholism with other psychiatric
disorders in general population and its impact on treatment. J Stud Alcohol 1988; 49:
219-24.

Herbert V. Folic Acid. In Modern nutrition in health and disease, 9th edition. Eds.
Maurice E, Shils ME, Olson JA, Shike M, Ross AC. Baltimore: Williams&Wilkins
1999.

Hibbeln JR. Fish consumption and major depression (letter). Lancet 1998; 351: 1213.
Hibbeln JR, Makino KK, Martin CE, Dickerson F, Boronow J, Fenton WS. Smoking,
gender, and dictary influences on erythrocyte essential fatty acid composition among
patients with schizophrenia or schizoaffective disorder. Biol Psychiatry 2003; 53:
431-41.

Hine TJ, Roberts NB. Seasonal variation in serum 25-hydroxy vitamin D3 does not
affect 1, 25-dihydroxy vitamin D. Ann Clin Biochem 1994; 31: 31-4.

Hintikka J, Tolmunen T, Tanskanen A, Viinamiki H. High vitamin B12 level and
good treatment outcome may be associated in major depressive disorder. BMC
Psychiatry 2003; 2; 3: 17.

Hintikka J, Tolmunen T, Honkalampi K, Haatainen K, Koivumaa-Honkanen H,
Tanskanen A, Viinaméki H. Daily tea drinking is associated with a low level of
depressive symptoms in the Finnish general population. Eur J Epidemiol 2005; 20:
359-63.

Hoekstra R, Fekkes D, Loonen AlJ, Pepplinkhuizen L, Tuinier S, Verhoeven WM.
Bipolar mania and plasma amino acids: increased levels of glycine. Eur
Neuropsychopharmacol 2006; 16: 71-7.

Holick MF. McCollum Award Lecture. Vitamin D: new horizons for the 21st
century. Am J Clin Nutr 1994; 60: 619-30.

Holick MF. Environmental factors that influence the cutaneous production of vitamin
D. Am J Clin Nutr 1995; 61: 638S-45S.

82



91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

Holick MF. Vitamin D: the underappreciated D-lightful hormone that is important
for skeletal and cellular health. Curr Opin Endocrinol Diabetes 2002; 9: 87-98.
Homocysteine Studies Collaboration. Homocysteine and risk of ischemmic heart
disease and stroke: a meta-analysis. JAMA 2002; 288: 2015-22.

Horne JA, Ostberg O. A self-assessment questionnaire to determine morningness-
eveningness in human circadian rhythms. Int J Chronobiol 1976; 4: 97-110.

Huan M, Hamazaki K, Sun Y, Itomura M, Liu H, Kang W, Watanabe S, Terasawa K,
Hamazaki T. Suicide attempt and n-3 fatty acid levels in red blood cells: a case
control study in China. Biol Psychiatry 2004; 56: 490-96.

Hughes JH, Dunne F, Young AH. Effects of acute tryptophan depletion on mood and
suicidal ideation in bipolar patients symptomatically stable on lithium. Br J
Psychiatry 2000; 177: 447-51.

Hughes JR, Hatsukami DK, Mitchell JE, Dahlgren LA. Prevalence of smoking
among psychiatric outpatients. Am J Psychiatry 1986; 143: 993-7.

Hvas AM, Juul S, Lauritzen L, Nexo E, Ellegaard J. No effect of vitamin B-12
treatment on cognitive function and depression: a randomized placebo controlled
study. J Affect Disord 2004a; 81: 269-73.

Hvas AM, Juul S, Bech P, Nexo E. Vitamin B6 level is associated with symptoms of
depression. Psychother Psychosom 2004b; 73: 340-3.

Hiamaélédinen J, Kaprio J, Isometsd E, Heikkinen M, Poikolainen K, Lindeman S, Aro
H. Cigarette smoking, alcohol intoxication and major depressive episode in a
representative population sample. J Epidemiol Community Health 2001; 55: 573-6.
Hamaldinen J, Poikolainen K, Isometsd E, Kaprio J, Heikkinen M, Lindeman S, Aro
H. Major depressive episode related to long unemployment and frequent alcohol
intoxication. Nord J Psychiatry 2005; 59: 486-91.

Inskip H, Harris E, Barraclough B. Lifetime risk of suicide for affective disorder,
alcoholism and schizophrenia. Br J Psychiatry 1998; 172: 35-7.

Jacka FN, Pasco JA, Henry MJ, Kotowicz MA, Nicholson GC, Berk M. Dietary
omega-3 fatty acids and depression in a community sample. Nutr Neurosci 2004; 7:
101-6.

Jackson A, Cavanagh J, Scott J. A systematic review of manic and depressive
prodromes. J Affect Disord 2003; 74: 209-17.

James MJ, Gibson RA, Cleland LG. Dietary polyunsaturated fatty acids and
inflammatory mediator production. Am J Clin Nutr 2000; 71(1 Suppl): 343S-8S.

Jang KL, Lam RW, Livesley WJ, Vernon PA. Gender differences in the heritability
of seasonal mood change. Psychiatry Res 1997; 70: 145-54.

Jones P, Kubow S. Lipids, sterols, and their metabolites. /» Modern nutrition in
health and disease. 9th edition. Eds. Maurice E, Shils ME, Olson JA, Shike M, Ross
AC. Baltimore: Williams&Wilkins 1999.

Jones SH, Tai S, Evershed K, Knowles R, Bentall R. Early detection of bipolar
disorder: a pilot familial high-risk study of parents with bipolar disorder and their
adolescent children. Bipolar Disord 2006; 8: 362-72.

Kaprio J, Koskenvuo M, Rose RJ. Population-based twin registries: illustrative
applications in genetic epidemiology and behavioral genetics from the Finnish Twin
Cohort Study. Acta Genet Med Gamellol 1990; 39: 427-39.

Kaprio J, Koskenvuo M. Genetic and environmental factors in complex diseases: the
older Finnish Twin Cohort. Twin Res 2002; 5: 358-65.

Kato T. Molecular genetics of bipolar disorder and depression.

Psychiatry Clin Neurosci 2007; 61: 3-19.

83



111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

Keck PE Jr, Mintz J, McElroy SL, Freeman MP, Suppes T, Frye MA, Altshuler LL,
Kupka R, Nolen WA, Leverich GS, Denicoff KD, Grunze H, Duan N, Post RM.
Double-blind, randomized, placebo-controlled trials of ethyl-eicosapentanoate in the
treatment of bipolar depression and rapid cycling bipolar disorder. Biol Psychiatry
2006; 60: 1020-2.

Kendler KS, Kuhn JW, Prescott CA. Childhood sexual abuse, stressful life events
and risk for major depression in women. Psychol Med 2004; 34: 1475-82.

Kendler KS, Gatz M, Gardner CO, Pedersen NL. A Swedish national twin study of
lifetime major depression. Am J Psychiatry 2006; 163: 109-14.

Keskiméki I, Aro S. Accuracy of data on diagnoses, procedures and accidents in the
Finnish Hospital Disharge Register. Int J Health Sci 1991; 2: 15-21.

Kessler R, Berglund P, Demler O, Jin R, Merikangas K, Walters E. Lifetime
prevalence and age-of-onset distributions of DSM-IV disorders in the National
Comorbidity Survey Replication. Arch Gen Psychiatry 2005a; 62: 593-602.

Kessler R, Chiu WT, Demler O, Merikangas K, Walters E. Prevalence, severity, and
comorbidity of 12-month DSM-IV disorders in the National Comorbidity Survey
Replication. Arch Gen Psychiatry 2005b; 62: 617-27.

Kieseppd T, Partonen T, Kaprio J, Lonnqvist J. Accurary of register-and record-
based bipolar I diagnoses in Finland- a study of twins. Acta Neuropsychiatrica 2000;
12, 106-9.

Kieseppd T, Partonen T, Haukka J, Kaprio J, Lonnqvist J. High concordance of
bipolar I disorder in a nationwide sample of twins. Am J Psychiatry 2004; 161: 1814-
21.

Ko CH, Takahashi JS. Molecular components of the mammalian circadian clock.
Hum Mol Genet 2006; 15 Spec No 2:R271-7.

Kroenke K, Price RK. Symptoms in the community. Prevalence, classification, and
psychiatric comorbidity. Arch Intern Med 1993; 153: 2474-80.

Lam RW, Zis AP, Grewal A, Delgado PL, Charney DS, Krystal JH. Effects of rapid
tryptophan depletion in patients with seasonal affective disorder in remission after
light therapy. Arch Gen Psychiatry 1996; 53: 41-4.

Lam RW, Levitan RD, Tam EM, Yathan LN Lamoureux S, Zis AP. L-Tryptophan
augmentation of light terapy in patients with seasonal affective disorder. Can J
Psychiatry 1997; 42: 303-6.

Lamberg-Allardt C, Kirjarinta M. Dessypris AG. Serum 25-hydroxy-vitamin D,
parathyroid hormone and calcium levels in adult inhabitans above the arctic circle in
Northern Finland. Ann Clin Res 1983; 15: 142-5.

Lamberg-Allardt C. Vitamin D intake, sunlight exposure and 25-hydroxyvitamin D
levels in the elderly during one year. Ann Nutr Metab 1984; 28: 144-50.

Lansdowne A, Provost, S. Vitamin D3 enhances mood in healthy subjects during
winter. Psychopharmacology 1998; 135: 319-323.

Lasky-Su JA, Faraone SV, Glatt SJ, Tsuang MT. Meta-analysis of the association
between two polymorphisms in the serotonin transporter gene and affective
disorders. Am J Med Genet B Neuropsychiatr Genet 2005; 133: 110-5.

Le Quan-Bui KH, Plaisant O, Leboyer M, Gay C, Kamal L, Devynck MA, Meyer P.
Reduced platelet serotonin in depression. Psychiatry Research 1984; 13: 129-39.
Leklem JE. Vitamin B6. /n Modern nutrition in health and disease, 9th edition. Eds.
Maurice E, Shils ME, Olson JA, Shike M, Ross AC. Baltimore: Williams&Wilkins
1999.

84



129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

Lerner V, Kanevsky M, Dwolatzky T, Rouach T, Kamin R, Miodownik C. Vitamin
B(12) and folate serum levels in newly admitted psychiatric patients. Clin Nutr 2006;
25: 60-7.

Levitan RD, Parikh SV, Lesage AD, Hegadoren KM, Adams M, Kennedy SH,
Goering PN. Major depression in individuals with a history of childhood physical or
sexual abuse: relationship to neurovegetative features, mania, and gender. Am J
Psychiatry 1998; 155: 1746-52.

Leyton M, Young SN, Blier P, Ellenbogen MA, Palmour RM, Ghadirian AM,
Benkelfat C. The effect of tryptophan depletion on mood in medication-free, former
patients with major affective disorder. Neuropsychopharmacology 1997; 16: 294-7.
Lindeman S, Himéldinen J, Isometsd E, Kaprio J, Poikolainen K, Heikkinen M, Aro
H. The 12-month prevalence and risk factors for major depressive episode in
Finland: representative sample of 5993 adults. Acta Psychiatr Scand 2000; 102: 178-
8.

Lindenbaum J, Healton EB, Savage DG, Brust JC, Garrett TJ, Podell ER, Marcell PD,
Stabler SP, Allen RH. Neuropsychiatric disorders caused by cobalamin deficiency in the
absence of anemia or macrocytosis. N Engl J Med 1988; 318: 1720-8.

Lloyd HM, Green MW, Rogers PJ. Mood and cognitive performance effects of
isocaloric lunches differing in fat and carbohydrate content. Physiol Behav 1994; 56:
51-7.

Lund E, Hansen V. Responses to the Seasonal Pattern Assessment Questionnaire in
different seasons. Am J Psychiatry 2001; 158: 316-8.

Madden PA, Heath AC, Rosenthal NE, Martin NG. Seasonal changes in mood and
behavior. The role of genetic factors. Arch Gen Psychiatry 1996; 53: 47-55.

Maes M, Verkerk R, Vandoolaeghe E, Lin A, Scharp¢ S. Serum levels of excitatory
amino acids, serine, glycine, histidine, threonine, taurine, alanine and arginine in
treatment-resistant depression: modulation by treatment with antidepressants and
prediction of clinical responsivity. Acta Psychiatr Scand 1998; 97: 302-8.

Maes M, Christophe A, Delanghe J, Altamura C, Neels H, Meltzer HY. Lowered
omega3 polyunsaturated fatty acids in serum phospholipids and cholesteryl esters of
depressed patients. Psychiatry Res 1999; 85: 275-91.

Magnusson A. Validation of the Seasonal Pattern Assessment Questionnaire
(SPAQ). J Affect Disord 1996; 40: 121-9.

Magnusson A, Friis S, Opjordsmoen S. Internal consistency of the Seasonal Pattern
Assessment Questionnaire (SPAQ). J Affect Disord 1997; 42: 113-6.

Malison RT, Price LH, Berman R, van Dyck CH, Pelton GH, Carpenter L, Sanacora
G, Owens MJ, Nemeroff CB, Rajeevan N, Baldwin RM, Seibyl JP, Innis RB,
Charney DS. Reduced brain serotonin transporter availability in major depression as
measured by [1231]-2 beta-carbomethoxy-3 beta-(4-iodophenyl) tropane and single
photon emission computed tomography. Biol Psychiatry 1998; 44: 1090-8.
Mamalakis G, Kiriakakis M, Tsibinos G, Kafatos A. Depression and adipose
polyunsaturated fatty acids in the survivors of the Seven Countries Study population
of Crete. Prostaglandins Leukot Essent Fatty Acids 2004; 70: 495-501.

Mann J. Role of the serotonergic system in the pathogenesis of major depression and
suicidal behavior. Neuropsychopharmacology 1999; 21(2 Suppl): S99-105.

Mansour HA, Wood J, Logue T, Chowdari KV, Dayal M, Kupfer DJ, Monk TH,
Devlin B, Nimgaonkar VL. Association study of eight circadian genes with bipolar I
disorder, schizoaffective disorder and schizophrenia. Genes Brain Behav 2006; 5:
150-7.

85



145.

14e6.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

Marangell LB, Martinez JM, Zboyan HA, Kertz B, Kim HF, Puryear LJ. A double-
blind, placebo-controlled study of the omega-3 fatty acid docosahexaenoic acid in the
treatment of major depression. Am J Psychiatry 2003; 160: 996-8.

Marazziti D, Lenzi A, Cassano GB. Serotoninergic dysfunction in bipolar disorder.
Pharmacopsychiatry 1991; 24: 164-7.

Matthews DE. Proteins and amino acids. /n Modern nutrition in health and disease.
9th edition. Eds. Maurice E, Shils ME, Olson JA, Shike M, Ross AC toim.
Baltimore: Williams&Wilkins 1999.

Mauri MC, Ferrara A, Boscati L, Bravin S, Zamberlan F, Alecci M, Invernizzi G.
Plasma and platelet amino acids concentrations in patients affected by major
depression and under fluvoxamine treatment. Neuropsychobiology 1998; 37: 124-9.
McCormic DB. Riboflavin. /n Modern nutrition in health and disease, 9th edition.
Eds. Maurice E, Shils ME, Olson JA, Shike M, Ross AC. Baltimore:
Williams&Wilkins 1999.

Miller JW, Nadeau MR, Smith D, Selhub J. Vitamin B-6 deficiency vs folate
deficiency: comparison of responses to methionine loading in rats. Am J Clin Nutr
1994; 59: 1033-9.

Mischoulon D. The role of folate in major depression: mechanisms and clinical
implications. Am Soc Clin Psychopharmacol Prog Notes 1996; 7: 4-5.

Moreno FA, Gelenberg AJ, Heninger GR, Potter RL, McKnight KM, Allen J,
Phillips AP, Delgado PL. Tryptophan depletion and depressive vulnerability. Biol
Psychiatry 1999; 46: 498-505.

Moreno FA, McGahuey CA, Freeman MP, Delgado PL. Sex differences in
depressive response during monoamine depletions in remitted depressive subjects. J
Clin Psychiatry 2006; 67: 1618-23.

Morris MS, Fava M, Jacques PF, Selhub J, Rosenberg IH. Depression and folate
status in the US population. Psychother Psychosom 2003; 72: 80-7.

Muck-Seler D, Jakovljevic M, Deanovic Z. Platelet serotonin in subtypes of
schizophrenia and unipolar depression. Psychiatry Res 1991; 38: 105-13.

Murray CJ, Lopez AD. Evidence-based health policy-lessons from the Global
Burden of Disease Study. Science 1996; 274: 740-3.

Murray C, Lopez A. Alternative projections of mortality and disability by cause
1990-2020: Global Burden of Disease Study. Lancet 1997; 349: 1498-504.

Mannist6 S, Virtanen M, Mikkonen T, Pietinen P. Reproducibility and validity of a
food frequency questionnaire in a case-control study on breast cancer. J Clin
Epidemiol 1996; 49: 401-9.

Mainnisté S, Ovaskainen M-L, Valsta L, ed. The National FINDIET 2002 Study.
National Public Health Institute B3/2003. Hakapaino Oy: Helsinki, 2003.

National Nutrition Council: Finnish Nutrition Recommendations (committee
report).Ministry of Agriculture and Forestry, Helsinki Finland: Edita Publishing Oy,
2005.

National Public Health Institute. 2002 Fineli - Finnish food composition database
[database on the Internet]. National Public Health Institute: Helsinki [cited 2004 Jan
8]. Available from: http://www.ktl.fi/fineli/

Nelson JG. Augmentation Strategies in Depression 2000. J Clin Psychiatry 2000; 61
(suppl 2): 13-9.

Nemets B, Stahl Z, Belmaker RH. Addition of omega-3 fatty acid to maintenance
medication treatment for recurrent unipolar depressive disorder. Am J Psychiatry
2002; 159: 477-9.

86



164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

Ness AR, Gallacher JE, Bennett PD, Gunnell DJ, Rogers PJ, Kessler D, Burr ML.
Advice to eat fish and mood: a randomised controlled trial in men with angina. Nutr
Neurosci 2003; 6: 63-5.

Neumeister A, Praschak-Rieder N, Hesselmann B, Vitouch O, Rauh M, Barocka A,
Kasper S. Effects of tryptophan depletion in fully remitted patients with seasonal
affective disorder during summer. Psychol Med 1998; 28: 257-64.

Nievergelt CM, Kripke DF, Barrett TB, Burg E, Remick RA, Sadovnick AD,
McElroy SL, Keck PE Jr, Schork NJ, Kelsoe JR. Suggestive evidence for association
of the circadian genes PERIOD3 and ARNTL with bipolar disorder. Am J Med
Genet B Neuropsychiatr Genet 2006; 141: 234-41.

Noaghiul S, Hibbeln JR. Cross-national comparisons of seafood consumption and
rates of bipolar disorders. Am J Psychiatry 2003; 160: 2222-7.

O'Callaghan P, Meleady R, Fitzgerald T, Graham I; European COMAC group.
Smoking and plasma homocysteine. Eur Heart J 2002; 23: 1580-6.

Oldman A, Walsh A, Salkovskis P, Laver D, Coven P. Effect of acute tryptophan
depletion on mood and appetite in healthy female volunteers. J Psychopharmacol
1994; 8; 8-13.

Oquendo MA, Hastings RS, Huang Y'Y, Simpson N, Ogden RT, Hu XZ, Goldman D,
Arango V, Van Heertum RL, Mann JJ, Parsey RV. Brain serotonin transporter
binding in depressed patients with bipolar disorder using positron emission
tomography. Arch Gen Psychiatry 2007; 64: 201-8.

Paalanen, L, Minnist6 S, Virtanen MJ, Knekt P, Risidnen L, Montonen J, Pietinen P.
Validity of a food frequency questionnaire varied by age and body mass index. J Clin
Epidemiol 2006; 59: 994-1001.

Pandey GN, Pandey SC, Ren X, Dwivedi Y, Janicak PG. Serotonin receptors in
platelets of bipolar and schizoaffective patients: effect of lithium treatment.
Psychopharmacology (Berl) 2003; 170: 115-23.

Partonen T, Lonnqvist J. Seasonal variation in bipolar disorder. Br J Psychiatry 1996;
169: 641-6.

Patel SR, Malhotra A, White DP, Gottlieb DJ, Hu FB. Association between reduced
sleep and weight gain in women. Am J Epidemiol 2006; 164: 947-54.

Peet M, Murphy B, Shay J, Horrobin D. Depletion of omega-3 fatty acid levels in red
blood cell membranes of depressive patients. Biol Psychiatry 1998; 43: 315-9.

Peet M, Horrobin DF. A dose-ranging study of the effects of ethyl-eicosapentaenoate
in patients with ongoing depression despite apparently adequate treatment with
standard drugs. Arch Gen Psychiatry 2002; 59: 913-9.

Penninx B, Guralnik J, Ferrucci L, Fried L, Allen R, Stabler S. Vitamin B12 deficiency
and depression in physically disabled older women: epidemiologic evidence from the
women’s health and aging study. Am J Psychiatry 2000; 157: 715-21.

Perild J, Suvisaari J, Saarni SI, Kuoppasalmi K, Isometséd E, Pirkola S, Partonen T,
Tuulio-Henriksson A, Hintikka J, Kieseppéd T, Hérkénen T, Koskinen S, Lonngvist J.
Lifetime prevalence of psychotic and bipolar I disorders in a general population.
Arch Gen Psychiatry 2007; 64: 19-28.

Petrie WM, Ban TA. Vitamins in psychiatry. Do they have a role? Drugs 1985;
30:58-65.

Pettergrew JW, Levine J, McClure RJ. Acetyl-L-carnitine physical- cemical,
metabolic, and therapeutic properties: relevance for its mode of action in Alzheimer’s
disease and geriatric depression. Mol Psychiatry 2000; 5; 616-32.

87



181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

Pietinen P, Hartman AM, Haapa E, Réisidnen L, Haapakoski J, Palmgren J, Demetrius
A, Virtamo J, Huttunen JK. Reproducibility and validity of dietary assessment
instruments. Am J Epidemiol 1988; 128: 655-66.

Pictinen P, Lahti-Koski M, Vartiainen E, Puska P. Nutrition and cardiovascular
disease in Finland since the early 1970s: a success story.

J Nutr Health Aging 2001; 5: 150-4.

Pirkola S, Isometsid E, Suvisaari J, Aro H, Joukamaa M, Poikolainen K, Koskinen S,
Aromaa A, Lonnqvist J. DSM-IV mood-, anxiety- and alcohol use disorders and their
comorbidity in the Finnish general population- results from the Health 2000 Study.
Soc Psychiatry Psychiatr Epidemiol 2005; 40: 1-10.

Prange AJ Jr, Wilson IC, Lynn CW, Alltop LB, Stikeleather RA. L-tryptophan in
mania. Contribution to a permissive hypothesis of affective disorders. Arch Gen
Psychiatry 1974; 30: 56-62.

Price LH, Charney DS, Delgado PL, Heninger GR. Lithium and serotonin function:
implications for the serotonin hypothesis of depression. Psychopharmacology (Berl)
1990; 100: 3-12.

Price LH, Malison RT, McDougle CJ, McCance-Katz EF, Owen KR, Heninger GR.
Neurobiology of tryptophan depletion in depression: effects of m-
chlorophenylpiperazine (mCPP). Neuropsychopharmacology 1997; 17: 342-50.

Price LH, Malison RT, McDougle CJ, Pelton GH, Heninger GR. The neurobiology
of tryptophan depletion in depression: effects of intravenous tryptophan infusion.
Biol Psychiatry 1998; 43: 339-47.

Privette TH, Stumpf WE, Mueller RA, Hollis BW. Serum 1,25 dihydroxyvitamin D3
(soltriol) levels influence serotonin levels in the hypothalamus of the rat. Soc
Neurosci Abstracts 1991; 17: 498.

Ramos MI, Allen LH, Haan MN, Green R, Miller JW. Plasma folate concentrations
are associated with depressive symptoms in elderly Latina women despite folic acid
fortification. Am J Clin Nutr 2004; 80: 1024-8.

Regier DA, Farmer ME, Rae DS, Locke BZ, Keith SJ, Judd LL, Goodwin FK.
Comorbidity of mental disorders with alcohol and other drug abuse: results from the
Epidemiologic Catchment Area (ECA) Study. JAMA 1990; 264: 2511-8.

Reivich M, Amsterdam JD, Brunswick DJ, Shiue CY. PET brain imaging with
[11C](+)McN5652 shows increased serotonin transporter availability in major
depression. J Affect Disord 2004; 82: 321-7.

Reppert SM, Weaver DR. Coordination of circadian timing in mammals.
Nature 2002; 418: 935-41.

Reynolds EH. Folic acid, ageing, depression, and dementia. BMJ 2002; 324: 1512-5.
Rihmer Z, Angst J. Mood Disorders: Epidemiology. In Sadock BJ, Sadock AlJ(eds),
Kaplan & Sadock’s Comprehensive Textbook of Psychiatry, Vol 8. New York:
Lippincott William & Wilkins 2005.

Rogers PJ. A healthy body, a healthy mind: long-term impact of diet on mood and
cognitive function. Proc Nutr Soc 2001; 60: 135-43.

Rosenthal NE, Sack DA, Gillin JC, Lewy AJ, Goodwin FK, Davenport Y, Mueller
PS, Newsome DA, Wehr TA. Seasonal affective disorder. A description of the
syndrome and preliminary findings with light therapy. Arch Gen Psychiatry 1984;
41: 72-80.

88



197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

207.

208.

209.

210.

211.

212.

213.

214.

Rosenthal NE, Genhart MJ, Caballero B, Jacobsen FM, Skwerer RG, Coursey RD,
Rogers S, Spring BJ. Psychobiological effects of carbohydrate-and protein-rich
meals in patients with seasonal affective disorder and normal controls. Biol
Psychiatry 1989; 25: 1029-40.

Rudic RD, McNamara P, Curtis AM, Boston RC, Panda S, Hogenesch JB, Fitzgerald
GA. BMALI and CLOCK, two essential components of the circadian clock, are
involved in glucose homeostasis. PLoS Biol 2004; 2: €377.

Rush AJ, Kraemer HC, Sackeim HA, Fava M, Trivedi MH, Frank E, Ninan PT,
Thase ME, Gelenberg AJ, Kupfer DJ, Regier DA, Rosenbaum JF, Ray O, Schatzberg
AF. ACNP Task Force. Report by the ACNP Task Force on response and remission
in major depressive disorder. Neuropsychopharmacology 2006; 31:1841-53.

Sachdev PS, Parslow RA, Lux O, Salonikas C, Wen W, Naidoo D, Christensen H,
Jorm AF. Relationship of homocysteine, folic acid and vitamin B12 with depression
in a middle-aged community sample. Psychol Med 2005; 35: 529-38.

Salminen JK, Saarijérvi S, Raitasalo R. Depression and disability pension in Finland.
Acta Psychiatr Scand 1997; 95: 242-3.

Salo-Viidndnen P. Elintarvikkeiden proteiinipitoisuuden maérittdiminen niiden typpi-
ja aminohappopitoisuuksien avulla. EKT-sarja 1050 Helsinki, HY/EKT 1996.

Sarna S, Kaprio J, Sistonen P, Koskenvuo M. Diagnosis of twin zygosity by mailed
questionnaire. Hum Hered 1987; 28: 241-54.

Scarna A, Gijsman HJ, McTavish SFB, Harmer CJ, Cowen PJ, Goodwin GM.
Effects of a branched-chain amino acid drink in mania. Br J Psychiatry 2003; 182:
210-3.

Sclare P and Creed F. Life events and the onset of mania. Br J Psychiatry 1990; 156:
508-14.

Scott JM, Weir DG. Vitamin B12 “Cobalamin.” /n Modern nutrition in health and
disease, 9th edition. Eds. Maurice E, Shils ME, Olson JA, Shike M, Ross AC.
Baltimore: Williams&Wilkins 1999.

Shilo L, Sabbah H, Hadari R, Kovatz S, Weinberg U, Dolev S, Dagan Y, Shenkman
L. The effects of coffee consumption on sleep and melatonin secretion. Sleep Med
2002; 3: 271-3.

Shin K, Schaffer A, Levitt AJ, Boyle MH. Seasonality in a community sample of
bipolar, unipolar and control subjects. J Affect Disord 2005; 86: 19-2.

Silaste ML, Rantala M, Alfthan G, Aro A, Kesdniemi YA. Plasma homocysteine
concentration is decreased by dietary intervention. Br J Nutr 2003; 89: 295-301.
Silvers KM, Scott KM: Fish consumption and self-reported physical and mental
health status. Public Health Nutr 2002; 5: 427-31.

Silvers KM, Woolley CC, Hamilton FC, Watts PM, Watson RA. Randomised
double-blind placebo-controlled trial of fish oil in the treatment of depression.
Prostaglandins Leukot Essent Fatty Acids 2005; 72: 211-8.

Simon GE, VonKorff M, Piccinelli M, Fullerton C Ormel J. An international study of
the relation between somatic symptoms and depression. N Engl J] Med 1999; 341:
1329-35.

Smidt LJ, Cremin FM, Grivetti LE, Clifford AJ. Influence of thiamin
supplementation on the health and general well-being of an elderly Irish population
with marginal thiamin deficiency. J Gerontol 1991; 46: M16-22.

Smith KA, Fairburn CG, Cowen PJ. Relapse of depression after rapid depletion of
tryptophan. Lancet 1997a; 349: 915-9.

89



215.

216.

217.

218.

219.

220.

221.

222.

223.

224.

225.

226.

227.

228.

229.

230.

231.

Smith KA, Clifford E, Hockney R, Clark D, Cowen PJ. Effect of tryptophan
depletion on mood in male and female volunteers: a pilot study. Hum
Psychopharmacol CLin Exp 1997b; 12; 111-7.

Smoller JW, Finn CT. Family, twin, and adoption studies of bipolar disorder. Am J
Med Genet C Semin Med Genet 2003; 123: 48-58.

Smriga M, Ghosh S, Mouneimne Y, Pellett PL, Scrimshaw NS. Lysine fortification
reduces anxiety and lessens stress in family members in economically weak
communities in Northwest Syria. Proc Natl Acad Sci U S A 2004; 101: 8285-8.
Sobczak S, Honig A, Nicolson NA, Riedel WJ. Effects of acute tryptophan depletion
on mood and cortisol release in first-degree relatives of type I and type II bipolar
patients and healthy matched controls. Neuropsychopharmacology 2002; 27:834-42.
Souci SW, Fachmann W, Kraut H. Food composition and nutrition tables. Scherz H,
Senser F, ed. Food composition and nutrition tables. Stuttgard: Stuttgard Medpharm,
1994.

Spillmann MK, van der Does AJ, Rankin MA, Vuolo RD, Alpert JE, Nierenberg AA,
Rosenbaum JF, Hayden D, Schoenfeld D, Fava M. Tryptophan depletion in SSRI-
recovered depressed outpatients. Psychopharmacology (Berl) 2001; 155: 123-7.
Spitzer RL, Gibbon M, Williams JBW. The structured Clinical Interview for DSM-
IV Axis I and II Disorders (SCID I and II). Washington, DC: American Psychiatric
Press, 1997.

Stabler SP, Marcell PD, Podell ER, Allen RH, Savage DG, Lindenbaum J. Elevation
of total homocysteine in the serum of patients with cobalamin or folate deficiency
detected by capillary gas chromatography-mass spectrometry. J Clin Invest 1988; 81:
466-74.

STATA Corporation: STATA Statistics/Data Analysis 7.0. College Station: TX:
STATA Corporation 2001.

Stoll AL, Severus WE, Freeman MP, Rueter S, Zboyan HA, Diamond E, Cress KK,
Marangell LB. Omega 3 fatty acids in bipolar disorder: a preliminary double-blind,
placebo-controlled trial. Arch Gen Psychiatry 1999; 56: 407-12.

Su KP, Huang SY, Chiu CC, Shen WW. Omega-3 fatty acids in major depressive
disorder. A preliminary double-blind, placebo-controlled trial.

Eur neuropsychopharmacol 2003; 13: 267-71.

Sullivan LE, Fiellin DA, O'Connor PG. The prevalence and impact of alcohol
problems in major depression: a systematic review. Am J Med 2005; 118: 330-41.
Sullivan PF, Neale MC, Kendler KS. Genetic epidemiology of major depression:
review and meta-analysis. Am J Psychiatry 2000; 157: 1552-62.

Sumiyoshi T, Anil AE, Jin D, Jayathilake K, Lee M, Meltzer HY. Plasma glycine and
serine levels in schizophrenia compared to normal controls and major depression:
relation to negative symptoms. Int J Neuropsychopharmacol 2004; 7: 1-8.

Suzuki S, Akechi T, Kobayashi M, Taniguchi K, Goto K, Sasaki S, Tsugane S,
Nishiwaki Y, Miyaoka H, Uchitomi Y. Daily omega-3 fatty acid intake and
depression in Japanese patients with newly diagnosed lung cancer. Br J Cancer 2004;
90: 787-93.

Suzuki S, Platz EA, Kawachi I, Willett WC, Giovannucci E. Intakes of energy and
macronutrients and the risk of benign prostatic hyperplasia.

Am J Clin Nutr 2002; 75:689-97.

Taillard J, Philip P, Bioulac B. Morningness/eveningness and the need for sleep. J
Sleep Res 1999; 8: 291-5.

90



232.

233.

234.

235.

236.

237.

238.

239.

240.

241.

242.

243.

244.

245.
246.

247.

248.

Tanphaichitr V. Thiamin. /# Modern nutrition in health and disease, 9th edition. Eds.
Maurice E, Shils ME, Olson JA, Shike M, Ross AC. Baltimore: Williams&Wilkins
1999.

Tanskanen A, Hibbeln JR, Hintikka J, Haatainen K, Honkalampi K, Viinamiki H.
Fish consumption, depression, and suicidality in a general population. Arch Gen
Psychiatry 2001a; 58: 512-3.

Tanskanen A, Hibbeln JR, Tuomilehto J, Uutela A, Haukkala A, Viinaméki H,
Lehtonen J, Vartiainen E. Fish consumption and depressive symptoms in the general
population in Finland. Psychiatr Serv 2001b; 52: 529-31.

Terao A, Wisor JP, Peyron C, Apte-Deshpande A, Wurts SW, Edgar DM, Kilduff
TS. Gene expression in the rat brain during sleep deprivation and recovery sleep: an
Affymetrix GeneChip study. Neuroscience 2006; 137: 593-605.

Tiemeier H, van Tuijl HR, Hofman A, Meijer J, Kiliaan AJ, Breteler MM. Vitamin
B12, folate, and homocysteine in depression: the Rotterdam Study. Am J Psychiatry
2002; 159: 2099-101.

Tiemeier H, van Tuijl HR, Hofman A, Kiliaan AJ, Breteler MM. Plasma fatty acid
composition and depression are associated in the elderly: the Rotterdam Study. Am J
Clin Nutr 2003; 78: 40-6.

Timonen M, Horrobin D, Jokelainen J, Laitinen J, Herva A, Résidnen P. Fish
consumption and depression: the Northern Finland 1966 birth cohort study. J Affect
Disord 2004; 82: 447-52.

Tjellesen L, Christiansen C. Vitamin D metabolites in normal subjects during one
year. A longitudinal study. Scand J Clin Lab Invest 1983; 43: 85-9.

Tolmunen T, Voutilainen S, Hintikka J, Rissanen T, Tanskanen A, Viinamiki H,
Kaplan GA, Salonen JT. Dietary folate and depressive symptoms are associated in
middle-aged Finnish men. J Nutr 2003; 133: 3233-6.

Tolmunen T, Hintikka J, Ruusunen A, Voutilainen S, Tanskanen A, Valkonen VP,
Viinaméki H, Kaplan GA, Salonen JT. Dietary folate and the risk of depression in
Finnish middle-aged men. A prospective follow-up study. Psychother Psychosom
2004a; 73: 334- 9.

Tolmunen T, Hintikka J, Voutilainen S, Ruusunen A, Alfthan G, Nyyssonen K,
Viinamdki H, Kaplan GA, Salonen JT. Association between depressive symptoms
and serum concentrations of homocysteine in men: a population study. Am J Clin
Nutr 2004b; 80: 1574-8.

Turek FW, Joshu C, Kohsaka A, Lin E, Ivanova G, McDearmon E, Laposky A,
Losee-Olson S, Easton A, Jensen DR, Eckel RH, Takahashi JS, Bass J. Obesity and
metabolic syndrome in circadian Clock mutant mice. Science 2005; 308: 1043-5.
Uchiyama M, Mayer G, Okawa M, Meier-Ewert K. Effects of vitamin B12 on human
circadian body temperature rhythm. Neurosci Lett 1995; 192: 1-4.

van den Berg H. Bioavailability of vitamin D. Eur J Clin Nutr 1997; 51 Suppl 1: S76-9.
van der Does AJW. The effects of tryptophan depletion on mood and psychiatric
symptoms. J Affect Disord 2001; 64: 107-19.

Viinamiki H, Kontula O, Niskanen L, Koskela K. The association between economic
and social factors and mental health in Finland.

Acta Psychiatr Scand 1995; 92:208-13.

Watson, GB, Bolanowski, MA, Baganoff, MP, Deppeler, CL, Lanthorn, TH. D-
Cycloserine acts as a partial agonist at the glycine modulatory site of the NMDA
receptor expressed in Xenopus oocytes. Brain Res 1990; 510: 158-60.

91



249.

250.

251.

252.

253.

254.
255.

256.
257.

258.

259.

260.

261.

262.

263.

264.

265.

266.

Waziri R, Wilcox J, Sherman AD, Mott J. Serine metabolism and psychosis.
Psychiatry Res 1984; 12: 121-36.

Webb AR, Kline L, Holick MF. Influence of season and latitude on the cutaneous
synthesis vitamin D3: exposure to winter sunlight in Boston and Edmonton will not
promote vitamin D3 synthesis in human skin. J Clin Endocrinol Metab 1988; 67:
373-8.

Wehr TA, Sack DA, Rosenthal NE. Sleep reduction as a final common pathway in
the genesis of mania. Am J Psychiatry 1987; 144: 201-4.

Wells AS, Read NW, Laugharne JD, Ahluwalia NS. Alterations in mood after
changing to a low-fat diet. Br J Nutr 1998; 79: 23-30.

Westover AN, Marangell LB. A cross-national relationship between sugar
consumption and major depression? Depress Anxiety 2002; 16: 118-20.

Wharton B, Bishop N. Rickets. The Lancet 2003; 362: 1389-400.

Whooley, MA, Avins, AL, Miranda, J, Browner, WS. Case-finding instruments for
depression: two questions are as good as many. J Gen Intern Med 1997; 12: 439-45.
Willet W. Nutritional epidemiology. New York: Oxford University Press. 1990.
Wolk R, Somers VK. Sleep and the metabolic syndrome.

Exp Physiol 2007; 92:67-78.

Woo J, Ho SC, Yu ALM. Lifestyle factors and health outcomes in elderly Hong
Kong Chinese aged 70 years and over. Gerontology 2002; 48: 234-40.

World Health Organization. Manual of the international statistical classification of
diseases, injuries, and causes of death. 8th ed. Geneve: World Health Organization,
1967.

World Health Organization. The tenth revision of the international statistical
classification of diseases and health related problems (ICD-10): Diagnostic criteria
for research purpose, Vol 10 th. Geneve, Switzerland: World Health Organization,
1993.

Wu JC, Bunney WE. The biological basis of an antidepressant response to sleep
deprivation and relapse: review and hypothesis. Am J Psychiatry 1990; 147: 14-21.
Yamazaki J, Sugishita M, Moriya Y, Isojima G, Ohshima H, Yamazaki O, Takeda Y,
Yamauchi T, Takashima M, Takahashi K. The effects of vitamin B12 on the
suppression of melatonin secretion under illumination. Jpn J Psychiatry Neurol
1991;45: 169-70.

Ylikomi T, Laaksi I, Lou YR, Martikainen P, Miettinen S, Pennanen P, Purmonen S,
Syviéla H, Vienonen A, Tuohimaa P. Antiproliferative action of vitamin D. Vitam
Horm 2002; 64: 357-406.

Young MA, Blodgett C, Reardon A. Measuring seasonality: psychometric properties
of the Seasonal Pattern Assessment Questionnaire and the Inventory for Seasonal
Variation. Psychiatry Res 2003; 117: 75-83.

Aberg-Wistedt A, Hasselmark L, Stain-Malmgren R, Aperia B, Kjellman BF, Mathe
AA. Serotonergic 'vulnerability' in affective disorder: a study of the tryptophan
depletion test and relationships between peripheral and central serotonin indexes in
citalopram-responders. Acta Psychiatr Scand 1998; 97: 374-80.

Asberg M, Thoren P, Traskman L, Bertilsson L, Ringberger V. "Serotonin
depression"--a biochemical subgroup within the affective disorders?

Science 1976; 191: 478-80.

92



	Cover
	TIIVISTELMÄ
	SUMMARY
	1 LIST OF ORIGINAL PUBLICATIONS
	2 ABBREVIATIONS
	3 ABSTRACT
	4 INTRODUCTION
	5 REVIEW OF THE LITERATURE
	5.1 Mood disorders
	5.1.1 Major depressive disorder
	5.1.2 Bipolar disorder

	5.2 Mood and food
	5.3 Mood and nutrients
	5.3.1 Macronutrients
	5.3.2 Amino acids
	5.3.3 Omega-3 fatty acids
	5.3.4 Vitamins

	5.4 Relevance of this study

	6 AIMS OF THE STUDY
	7 SUBJECTS AND METHODS
	7.1 The Alpha-Tocopherol, Beta-Carotene Cancer Prevention Study(ATBC Cancer Prevention study) (I, II, III)
	7.1.1 Study subjects
	7.1.2 Follow-up
	7.1.3 Assessment of mood and behaviour
	7.1.4 Assessment of food consumption
	7.1.5 Assessment of other characteristics

	7.2 Twin Study (IV, V)
	7.2.1 Study subjects
	7.2.2 Diagnostic assessment
	7.2.3 Assessment of seasonal changes in mood and behaviour
	7.2.4 Assessment of food consumption
	7.2.5 Assessment of circadian type
	7.2.6 Assessment of other characteristics

	7.3 Statistical analyses
	7.3.1 The ATBC Cancer Prevention Study
	7.3.2 Twin studies


	8 RESULTS
	8.1 Amino acids
	8.2 Omega-3 fatty acids and fish
	8.3 Vitamins
	8.4 Additional data on food consumption in those with symptoms ofdepressed mood, anxiety, and insomnia
	8.5 Additional data on food consumption and intakes of nutrients insubjects with bipolar disorder
	8.6 Seasonal changes in subjects with bipolar disorder
	8.7 Sleep length and debt in subjects with bipolar disorder
	8.8 Circadian type in subjects with bipolar disorder

	9 DISCUSSION
	9.1 Strengths and limitations of the study
	9.1.1 Study subjects
	9.1.2 Study design
	9.1.3 Psychiatric diagnoses
	9.1.4 Questionnaires

	9.2 Associations between mood disorders and mood symptoms anddietary intakes of specific nutrients
	9.2.1 Amino acids
	9.2.2 Omega-3 fatty acids and fish
	9.2.3 Vitamins

	9.3 Dietary intakes of food consumption and nutrients in those withsymptoms of depressed mood, anxiety, and insomnia
	9.4 Dietary intake, drinking and smoking and bipolar disorder
	9.5 Sleep habits and seasonal changes in subjects with bipolar disorder
	9.5.1 Sleep habits
	9.5.2 Circadian type
	9.5.3 Seasonal changes

	9.6 Implications for future research

	10 CONCLUSIONS
	11 ACKNOWLEDGEMENTS
	12 REFERENCES


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




