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"Happiness can be found, even in the darkest of times, if one only
remembers to turn on the light”

J.K. Rowling

Alexander, my precious son, may your path in life always be guided by
resilience, filled with prosperity, and lit by boundless joy
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ABSTRACT

In recent years, there has been increasing recognition of neurobiological
factors as critical contributors to the vulnerability underlying suicidal behavior.
This thesis examines the associations between synaptic dysfunction, mild
cognitive impairment, structural brain changes, and suicidal ideation within
population-based samples of older adults.

Paper I included 86 women from the year 1992 cohort of the Prospective
Population Study of Women (PPSW), all of whom participated in psychiatric
assessments and underwent lumbar puncture (LP). Paper II involved 916
participants drawn from both the PPSW and the year 2000 cohort of the
Gothenburg H70 Birth cohort study. Cognitive status was evaluated using the
Winblad et al. criteria. Paper Il investigated 322 participants from the 2014
cohort of the Gothenburg H70 Birth Cohort Study who also underwent LP.
Paper 1V included 774 individuals from the same cohort who underwent brain
magnetic resonance imaging (MRI).

Paper I identified elevated cerebrospinal fluid (CSF) levels of YKL-40 and
GAP-43 in women reporting past month suicidal ideation. Higher CSF GAP-
43 levels were also related to feelings of worthlessness. Paper II found that
mild cognitive impairment (MCI) was associated with life-weariness and death
wishes reported within the past year, as demonstrated in adjusted regression
models. MCI was also related to lifetime experiences of life-weariness. Paper
11I identified a connection between high CSF Ng level and lifetime reports of
life-weariness, death wishes, and thoughts of taking one’s own life, that
remained after taking CSF levels of AP42, T-Tau, and P-Tau into account.
Paper 1V found that individuals with a lifetime history of serious suicidal
ideation exhibited larger white matter lesions (WML) volumes compared to
those without such ideation. However, this association did not persist after
adjusting for relevant covariates in the logistic regression model.

To conclude, these findings suggest that neurobiological factors—including
synaptic dysfunction, cognitive impairment, and distinct structural brain
changes—may contribute to suicidal ideation among older adults.
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SAMMANFATTNING PA SVENSKA

Pé senare tid har allt mer fokus riktats mot mojliga biologiska faktorer bakom
sjdlvmordsbeteenden. Den hér avhandlingen undersoker sambandet mellan hur
fordndringar i nervcellernas struktur och funktion, forekomst av kognitiva
nedséttningar samt strukturella forandringar i hjarnan paverkar forekomsten av
sjalvmordsbeteenden. Avhandlingen &r baserad pa medborgare bosatta i
Goteborg och syftar till att aterspegla den allménna befolkningen pé ett
representativt sitt.

Studie 1 fann forhdjda nivder av markorerna YKL-40 och GAP-43 i
ryggmargsvitskan bland kvinnor med sjdlvmordstankar och kénslor av
virdeloshet under den senaste manaden, vilket signalerar forekomst av
inflammation i hjdrnan samt en nedsatt signaloverforing i de omraden dir
hjarnans nervceller kommunicerar med varandra.

Studie II visade att deltagre i tidigt skede av demenssjukdom oftare
rapporterade forekomst av livsleda och dodsonskan jaimfort med deltagare utan
kognitiva nedséttningar. Sjidlvrapporterade kognitiva nedsdttningar var i hogre
grad relaterade till sjadlvmordstankar jamfort med nedséttningar som faststillts
objektivt genom skattningar. Forsamrat minne och féormaga att uppfatta form,
storlek och rymd mellan foremal var ocksé i storre utstrackning relaterat till
sjdlvmordstankar dn andra typer av kognitiva nedséttningar.

Studie III visade forhdjda nivder av neurogranin i ryggmargsvitskan hos
deltagare som bejakat livsleda, dodsonskan eller sjalvmordstankar. Fyndet
pekar aterigen pa en forsdmrad signaldverforing mellan hjarnans nervceller hos
individer med sjalvmordstankar. Inget samband pavisades mellan markorer
som avspeglar neurodegeneration (den process dér nervceller gradvis bryts ned
och dor, vilket &r typiskt vid demenssjukdomar), och forekomst av
sjdlvmordstankar.

Studie IV pévisade en oOkad forekomst av vitsubstansfordndringar bland
deltagare som ndgon gang under livet allvarligt 6vervagt att ta sitt liv jamfort
med de deltagare som inte haft nagon saddan livshistorik. Sambandet kvarstod
emellertid inte efter att hansyn tagits till potentiellt bidragande faktorer.

Sammanfattningsvis antyder fynden att forandringar i nervcellernas funktion,
forekomsten av kognitiva nedséttningar samt strukturella fordndringar i
hjarnan kan bidra till sjdlvmordstankar bland dldre personer.
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DEFINITIONS IN SHORT

Major depression

Minor depression

A mood disorder characterized by
depressive symptoms changes in sleep
patterns, appetite fluctuations, difficulties
with concentration, fatigue, feelings of
worthlessness or excessive guilt,
psychomotor agitation or retardation, and
recurrent thoughts of death or suicide. A
diagnosis required at least five of these
symptoms to be present during the same
two-week period, with at least one being
either depressed mood or loss of interest. In
this thesis, major depression was diagnosed
according to the DSM-IV criteria.

A mood disorder requiring the presence of
two to four depressive symptoms during the
same two-week period, representing a
change from previous functioning. At least
one of the symptoms must be either
depressed mood or loss of interest or
pleasure. In this thesis, minor depression
was diagnosed according to the DSM-IV
research criteria.
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INTRODUCTION

Suicidal behavior represents a critical global public health issue, responsible
for over 700,000 deaths annually. Despite a promising global decline of
approximately 36% in suicide rates between 2000 and 2019, suicide remains
one of the leading causes of death worldwide. Suicide rates are highest among
older adults and tend to increase with advancing age (1). Sweden mirrors this
global pattern, having seen a peak in suicide rates during the 1970s followed
by a sustained decline. Nonetheless, suicide continues to represent a significant
cause of mortality in the country, with approximately 1 200 deaths registered
annually (2).

Each suicide constitutes a significant public health tragedy, exerting profound
and enduring impacts on families, communities, and society at large. This
underscores the urgent need to deepen our understanding of the mechanisms
underlying suicidal behavior. Despite extensive research, critical knowledge
gaps remain, particularly concerning the neurobiological underpinnings of
suicidal behavior. Addressing these gaps is essential not only for advancing
scientific insight but also for informing the development of effective
treatments and public health strategies aimed at reducing suicide risk.

RISK FACTORS FOR SUICIDAL BEHAVIOR

Given the extensive and growing body of research on risk factors related to
suicidal behavior, this section provides a focused summary of such factors that
have been previously identified in the literature and for which we had relevant
data available. The selection of potential confounders was guided by the
specific objectives of each analysis.

Worldwide, individuals aged 70 and older consistently exhibit the highest rates
of suicide (1), underscoring the importance of age as a key variable in the study
of suicidal behavior. Older adults are generally less likely than younger
individuals to disclose suicidal thoughts, yet they remain disproportionately
affected (3). They are also more likely to employ highly lethal methods and
demonstrate a stronger intent to die following a suicide attempt (4-6). In
Sweden, the suicide mortality rate among men aged 75 and above was reported
to be 28 per 100 000 while those aged 85 and above show the highest rates
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nationwide, with 43 deaths per 100 000. These figures contrast remarkably
compared to the national age-standardized suicide rate of 15 per 100 000 for
both sexes (2).

Gender differences in suicidal behavior are evident across patterns of ideation,
attempts, and mortality. Women are more likely to report experiencing suicidal
thoughts, whereas men have a higher likelihood of dying by suicide—a
discrepancy commonly referred to as the gender paradox in suicide (7).
Although suicide attempts are more frequently reported among women, men
typically exhibit suicide completion rates that are two to three times higher, a
disparity often linked to the use of more immediately lethal means (8).

Over the past few decades, a substantial body of research has identified marital
status as an important factor associated with suicide risk. Individuals who are
unmarried, divorced, or widowed—especially older men who have lost a
spouse—appear to be at elevated risk of suicide (9). In contrast, being married
or living with a partner is generally associated with a lower risk and is
considered a protective factor (10).

Substance use—particularly alcohol consumption—has been strongly linked
to suicidal behavior. This association is largely attributed to alcohol’s capacity
to lower inhibitions, impair judgment, and serve as a maladaptive strategy for
coping with psychological distress (11). Supporting this, a Swedish autopsy
study found that alcohol was detected in nearly 40% of individuals who died
by suicide (12).

Findings from observational literature indicates that low educational
attainment may serve as a significant risk factor for suicidal behavior across
the lifespan (13, 14), potentially contributing to the disparity in mortality
across socioeconomic strata (15). However, the relationship between education
level and suicidal behavior is intricate and possibly confounded by cognitive
performance, which is strongly associated with both educational attainment
(16) as well as suicidal behavior (17).

Major depressive disorder (MDD) is widely regarded as the psychiatric
condition most strongly linked to suicide, with estimates indicating its presence
in over 80% of suicide deaths (18). In addition to completed suicides, recent
meta-analyses have reported that approximately 53.1% of individuals with
MDD experience suicidal ideation, and 31% have attempted suicide (19, 20).

16
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However, it is important to note that a substantial proportion of individuals
with suicidal thoughts do not fulfill the diagnostic criteria for MDD (21).

TERMINOLOGY AND ASSESSMENT OF
SUICIDAL BEHAVIOR

The terminology surrounding suicidal behavior has long been debated and
remains a subject of ongoing scholarly discussion, with terms such as
“suicidality’ and “suicidal behavior” often used interchangeably over time.
Currently, there is still no universally accepted approach for assessing or
defining suicidal behavior, posing a challenge as well as limitation when
comparing research outcomes across studies. In response, The Columbia
Classification Algorithm of Suicide Assessment (C-CASA) (22) has sought to
establish a consistent terminology for describing suicidal behavior. According
to this framework, suicidal behavior includes:

1) Passive suicidal ideation: Involves thoughts of death or a desire to be dead
without specific plans

2) Active suicidal ideation: Refers to thoughts involving a desire to die with
a specific plan or intent

3) Suicide attempt: An act of self-harm with a clear intention to die

4) Completed suicide: A fatal outcome resulting from a suicide attempt

A widely used tool for assessing suicidal behavior, particularly in routine
clinical practice, is the suicidality item from the Montgomery-Asberg
Depression Rating Scale (MADRS) (23). This item specifically evaluates the
presence of suicidal thoughts as one of the subcomponents in the assessment
of current depressive symptoms. Respondents rate the severity of suicidal
thoughts on a scale from 0 to 6 as follows:

0-1: Enjoys life or takes it as it comes

2-3: Weary of life. Only fleeting suicidal thoughts

17
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4-5: Much better off dead. Suicidal thoughts are common, and suicide is
considered as a possible solution, but without specific plans or intentions

6: Explicit plans for suicide when there is an opportunity

The term “suicidal feelings” also appears frequently, particularly in research
settings, and was originally introduced and conceptualized by Paykel in 1974
through the development of the Paykel questions (24). This instrument consists
of five hierarchical yes/no questions designed to assess suicidal thoughts and
behaviors across different timeframes (past week, past month, past year, or
lifetime). Respondents are asked whether they have:

1. Felt that life was not worth living

2. Wished they were dead

3. Had thoughts of taking their own life

4. Seriously considered taking their own life

5. Made a suicide attempt

NEUROBIOLOGICAL EXPLENATION MODELS

Emerging evidence suggests that neurobiological processes—particularly
those involving immune activation, cognitive dysfunction, and structural brain
changes—contribute to the diathesis of suicidal behavior (25). This section
begins by examining neuroinflammation as a potential central mechanism and
then considers its downstream effects, including impaired synaptic function,
cognitive decline, and morphological brain alterations. These interconnected
pathways form the theoretical foundation for the four studies included in this
thesis, each examining these mechanisms in relation to suicidal behavior
through analyses of CSF biomarkers, cognitive assessments, and
neuroimaging.
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NEUROINFLAMMATION AND SUICIDAL BEHAVIOR

Neuroinflammation is defined as the activation of immune processes within
the central nervous system (CNS), which encompasses the brain and spinal
cord. It represents the CNS's innate response to various conditions, including
trauma, infections, environmental factors (Figure 1) (26). When acute and
properly regulated, these inflammatory responses play a vital role in preserving
neural integrity and promoting repair processes (27). Glial cells—including
microglia, astrocytes, and oligodendrocytes—are pivotal players in
neuroinflammation, each contributing uniquely to the brain's immune response
and maintaining neural health (28).
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Figure 1. Illustration of the neuroinflammatory process. Original by the
author.

During neuroinflammation, microglia serve as the first line of defense,
releasing signaling molecules such as cytokines. They also clear damaged
synapses, promote the formation of new neural circuits, and support overall
brain plasticity (29).
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Microglia also contribute to the maturation of astrocytes and modulate their
role in the immune system (30). Astrocytes release cytokines, maintain the
chemical environment required for neuronal function, and support synaptic
connections. They are vital for preserving neural communication and
facilitating neuronal plasticity and function (31).

Similarly, microglia are essential for facilitating the maturation of
oligodendrocyte in their myelination of axons (32). During inflammatory
responses, both microglia and astrocytes become sources of pro-inflammatory
cytokines, such as TNF-a, IL-2 and IL-6 (29, 33, 34). These molecules can
disrupt synaptic function, impair neuroplasticity, and promote neuronal
degeneration—processes closely linked to cognitive decline and mood
disorders—and may ultimately contribute to structural changes in the brain
over time (26, 35-37).

In recent years, a growing body of research has consistently associated
inflammation with suicidal behavior (38-40). Early clinical studies involving
patients treated with interferon-alpha (IFN-a) therapy indicated that
proinflammatory cytokines may contribute to the emergence of suicidal
ideation (41, 42). Subsequent studies have supported these findings, reporting
elevated levels of soluble IL-2 receptors in the blood and increased
concentrations of IL-6 in the CSF of individuals who have recently attempted
suicide. (43, 44). Moreover, individuals who have attempted suicide have been
shown to exhibit higher plasma concentrations IL-6 and TNF-o, compared to
both non-suicidal depressed patients and healthy controls (45).

NEUROANATOMICAL CORRELATES OF SUICIDAL
BEHAVIOR

Post-mortem studies of individuals who died by suicide have suggested that
microglial activation may contribute to behavioral changes underlying suicidal
behavior (46, 47). Notably, evidence of microgliosis has been observed in the
orbitofrontal cortex (OFC) (48), dorsolateral prefrontal cortex (DLPFC) (49),
anterior cingulate cortex (ACC) (49, 50), and mediodorsal thalamus (49) in
individuals who died by suicide (Figure 2). These areas have in common that
they facilitate adaptive, flexible behaviour in the face of changing
contingencies and guide decision-making (51-56) ]—abilities that are referred
to as cognitive functions (57). Dysfunction in these abilities might mediate
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suicidal behavior as a consequence of an impaired capacity to respond in a
functional manner when faced with challenging environmental stimuli.

DLPFC ACC
(Dorsolateral (Anterior
prefrontal cingulate
cortex) cortex)

OFC
(Orbitofrontal
cortex)

Mediodorsal
thalamus

Figure 2. Illustration of the brain regions previously associated with
neuroinflammation among individuals who have died by suicide. Original by
the author.

ISOLATED COGNITIVE IMPAIRMENTS AND
SUICIDAL BEHAVIOR

Several studies have examined how suicidal behavior may relate to
impairments in executive function. Findings indicate that individuals with
depression who have attempted suicide, both in older adult cohorts (60+) and
across mixed age groups, demonstrate poorer decision-making abilities
compared to control subjects (58-60). Cognitive inhibition has also been
found to be impaired in suicide attempters aged 65 and above, compared to
both non-depressed individuals and depressed individuals without a history of
suicidal behavior (61). Moreover, older adults with depression and a history
of suicide attempts have consistently demonstrated poorer performance on
tasks requiring executive control when compared to their non-attempting peers
(17, 62). Authors of previous clinical studies have proposed that deficits in the
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different subdomains of cognitive competence may compromise an
individual’s ability to cope with stress effectively, thereby increasing
susceptibility to suicidal behavior.

However, interpreting these findings is complicated by the confounding effects
of depression, which is strongly associated with both suicidal behavior and
cognitive dysfunction—especially within executive function domains (63, 64).

A limited number of non-clinical and population-based studies have sought to
examine the association between cognitive impairment and suicidal behavior,
aiming to disentangle this relationship from the overlapping effects of
depression. One prospective study in older adults found that poorer executive
functioning at baseline was linked to a markedly increased risk of suicide over
a mean follow-up period of 4.9 years, although neither suicidal ideation nor
behavior were predictive of suicide in that sample (65). In a separate
population-based study of individuals aged 50 and over, deficits in time
orientation were uniquely associated with passive suicidal ideation, while other
domains showed no relationship (66). In contrast, another study involving
participants aged 50—-64 and 65 years and older found no associations between
global cognitive functioning—including short-term memory, working
memory, and verbal fluency—and either passive or active suicidal ideation
(67).

MILD COGNITIVE IMPAIRMENT AND SUICIDAL
BEHAVIOR

Beyond impairments in specific cognitve domains, exploring the association
between suicidal behavior and mild cognitive impairment (MCI) may provide
critical insight into how early-stage cognitive decline influences suicidal
behavior. MCI is generally regarded as an intermediate stage between normal
aging and dementia, characterized by measurable cognitive deficits that do not
significantly interfere with daily functioning (68). Importantly, individuals
with MCI often retain insight into their cognitive decline while remaining
functionally independent—a combination that may heighten psychological
distress, perceived loss of autonomy, and ultimately, vulnerability to suicidal
ideation and behavior.
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ALZHEIMER’S DISEASE AND SUICIDAL BEHAVIOR

Building on the role of neuroinflammatory processes in suicidal behavior and
the relevance of early-stage cognitive decline, Alzheimer's disease (AD)—the
most common form of dementia—represents a critical condition in which these
pathways converge (69). As a progressive neurodegenerative disorder, AD is
characterized by both synaptic dysfunction and sustained microglial activation
(70), processes that are also implicated in the neurobiology of suicide (46). The
pathological accumulation of amyloid-beta 42 (AP42), due to disrupted
production and impaired clearance, leads to plaque formation and triggers
chronic neuroinflammation, particularly in early stages of the disease (71). AD
is also frequently accompanied by neuropsychiatric symptoms such as
depression and impaired decision-making (72), both of which are established
risk factors for suicidal behavior (73).

Understanding the relationship between dementia and suicidal behavior has
been challenging and where previous research has yielded conflicting findings
so far (74, 75). The variability in findings may stem from differences in study
populations, the absence of universally accepted diagnostic standards for both
dementia and suicidal behavior, and insufficient consideration to the different
stages of cognitive decline. However, a recent meta-analysis indicates that
while suicidal thoughts and attempts appear to be less frequent among
individuals with advanced dementia, they may occur more often during the
initial phases of cognitive impairment (76).

NEUROBIOLOGICAL MODELS EXAMINED IN
THIS THESIS

The subsequent sections present an overview of the specific neurobiological
systems and biomarkers that have been investigated in connection with suicidal
ideation, as explored within the scope of this thesis.
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MARKERS OF NEUROINFLAMMATION AND
SUICIDAL BEHAVIOR

YKL-40, or chitinase-3-like protein 1 (CHI3L1), is a glycoprotein that has
been recognized as a biomarker of neuroinflammation and impaired synaptic
function (Figure 3) (77).
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Figure 3. lllustration of neuroinflammatory processes involving activated glial
cells and associated biomarkers. Original by the author.

Increased concentrations of YKL-40 have been detected near amyloid plaques
and neurofibrillary tangles in individuals with AD, and elevated levels have
also been reported in the CSF of individuals with MCI (78). Higher CSF levels
of YKL-40 have also been suggested as a potential marker for differentiating
individuals with AD from cognitively healthy individuals, and for forecasting
the progression of cognitive decline in those with MCI into AD (78).
Furthermore, increased CSF YKL-40 levels have been associated with several
other, both acute as well as chronic, neuroinflammatory conditions in the CNS
(79). The relationship between CSF levels of YKL-40 and suicidal behavior
has not been explored in prior research.
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MARKERS OF SYNAPTIC DYSFUNCTION AND
SUICIDAL BEHAVIOR

Growth Associated Protein 43 (GAP-43) is a presynaptic protein critical for
axonal growth and synaptic plasticity (Figure 3) (80). It plays a key role in
maintaining synaptic function and is highly expressed in brain regions central
to cognitive processing, such as the hippocampus, neocortex, and cerebellum
(81-83). GAP-43 levels have been examined in post-mortem studies of
individuals with depression who died by suicide, although findings have been
mixed (84, 85). To date, GAP-43 has not been studied in connection with
suicidal behavior in non-clinical populations.

Neurogranin (Ng) is a postsynaptic protein (Figure 4) that interacts with
calmodulin and is predominantly found in excitatory neurons within the
neocortex, amygdala, and hippocampus (86). It plays a key role in synaptic
plasticity and memory consolidation by modulating calmodulin activity, which
is crucial for long-term potentiation (LTP) (87). Despite its significance in
these neural processes, its potential involvement in suicidal behavior remains
unexamined.

MARKERS OF MYELIN DAMAGE AND SUICIDAL
BEHAVIOR

Myelin Basic Protein (MBP), predominantly produced by oligodendrocytes in
the CNS, is crucial for the formation and maintenance of myelin sheaths
(Figure 3). These sheaths insulate axons, support structural stability, and
facilitate the rapid conduction of nerve impulses (88). Postmortem studies have
reported decreased levels of MBP in individuals with depression who died by
suicide (84). Additionally, MBP has been linked to neuroinflammatory
processes associated with neuronal damage (89) and has more recently been
proposed as a potential biomarker for predicting suicide risk in clinical
populations (90).
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MARKERS OF NEURODEGENERATION AND
SUICIDAL BEHAVIOR

Neurofilament light chain (NfL) (Figure 4) is a component of the neuronal
cytoskeleton of large-calibre myelinated axons and facilitates conduction
velocity and maintained morphological integrity (91). The release of NfL from
neurons and into the CSF upon axonal damage is seen in a wide range of
neurodegenerative diseases, making CSF NfL a general marker of neuro-
axonal damage (92, 93).

PAPER lll

= Activaticn

D . [ Y o
— e
™) Astrocyte
o N °
'
e o o ’,‘j
Neuron L] fmm |
e
— Microgha
Neurogranin NiL ] Pro-inflammatory cytokines

Figure 4. illustration of glial activation and associated neuronal biomarkers.
Original by the author.

Elevated serum levels of NfL have previously been observed among depressed
suicide attempters, compared to healthy subjects (94). However, NfL has not
yet been examined in relation to suicidal behavior in non-clinical populations.

MCI AND SUICIDAL BEHAVIOR

Research in this area has been limited by inconsistent definitions of MCI across
studies, leading to challenges in comparing findings. To address the lack of
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uniformity in diagnosis, the international consensus criteria proposed by
Winblad and colleagues introduced a standardized framework (95). These
criteria require the person to 1) be neither cognitively intact nor demented, 2)
cognitive deterioration either shown by objectively measured decline over time
and/or subjective report of decline by self and/or informant in conjunction with
objective cognitive deficits and 3) activities of daily living to be preserved and
complex instrumental functions to be either intact or minimally impaired.

To date, the relationship between MCI—when defined according to these
standardized criteria—and suicidal behavior has not been systematically
examined.

MARKERS OF ALZHEIMER’S DISEASE AND
SUICIDAL BEHAVIOR

Total tau (T-tau) is widely recognized as a general indicator of neuronal
damage when elevated in CSF or blood. Phosphorylated tau (P-tau), on the
other hand, is regarded as a more specific biomarker for AD. A typical AD
biomarker profile includes reduced CSF levels of AP42 in combination with
increased T-tau and P-tau concentrations (96).

Findings from a small clinical study indicated a potential link between reduced
levels of CSF T-tau and P-tau and suicidal ideation in individuals with MCI
who were considered at risk of developing Alzheimer’s disease, compared to
healthy controls (94). The relationship between amyloid accumulation, tau
pathology, and suicidal behavior has not been previously investigated in
population-based cohorts.

BRAIN MORPHOLOGY VISUALIZED BY MRI AND
SUICIDAL BEHAVIOR

White matter lesions (WML) are indicators of small vessel disease and
impaired neural connectivity (Figure 5) (97), and have been consistently linked
to cognitive decline and challenges in emotional regulation (98). A prior meta-
analysis found that individuals with mood disorders and a history of suicide
attempts typically exhibit a greater WML burden compared to those without
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such a history (99). The association between WML volume and suicidal
ideation, as opposed to suicide attempts, has not been previously explored.

The amygdala, a key structure involved in emotional regulation and cognitive
processes such as decision-making (100) has been examined in clinical
populations with a history of suicide attempts, though findings have been
inconsistent (101-104). The amygdala had not yet been investigated in
population-based samples.

The hippocampus, which is essential for relational memory reconstruction,
flexible cognition, and decision-making (105) has been studied solely in
individuals with a history of suicide attempts. However, the findings across
these studies have been inconsistent (102, 104, 106, 107).

The parahippocampus is a region implicated in contextual memory and affect

regulation (108), remains unexamined in relation to suicidal ideation, despite
its functional relevance and proximity to other limbic structures.

PAPER IV

—  White matter lesion

Figure 5. lllustration of an axial MRI brain section (left) highlighting a white
matter lesion, alongside a sagittal view of key structures (right), including the
amygdala, hippocampus, and parahippocampal gyrus. Original by the author.
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AIM

The overall aim of this thesis was to explore neurobiological and cognitive
factors associated with suicidal ideation in population-based cohorts of older
adults. The specific aims were:

PAPER I

To assess whether CSF levels of YKL-40, GAP-43, and MBP—biomarkers
indicative of neuroinflammation (YKL-40), synaptic plasticity and function
(GAP-43), and myelin integrity (MBP), respectively—are associated with
suicidal ideation.

PAPERII
To investigate the relationship between MCI and reports of suicidal ideation.
PAPER III

To investigate whether CSF levels of Ng and NfL, biomarkers of synaptic
dysfunction and neuroaxonal damage respectively, are associated with suicidal
ideation.

PAPER IV

To investigate whether differences in brain morphology—specifically WML
volume and grey matter volumes of the amygdala, hippocampus, and
parahippocampus—are associated with suicidal ideation.
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PARTICIPANTS AND METHODS

Study cohorts were collected from two population-based studies, the
Prospective Population Study of Women (PPSW) and the H70 Birth Cohort
Studies (H70). Samples are described in Table 1.

Table 1. Study samples. Original by the author.

Participants,n | Femalen (%) Male n (%) Age (mean, SD)
Paper [ 86 86 (100) - 72.5(3.3)
Paper 11 916 692 (75.5) 224 (24.5) 74.0 (5.3)
Paper 111 316 151 (47.8) 165 (52.2) 70.6 (0.3)
Paper IV 774 404 (52.2) 370 (47.8) 70.5 (0.3)

SD, Standard deviation

ETHICAL CONSIDERATIONS

All studies were approved by the Ethics Committee for Medical Research at
the University of Gothenburg, Sweden (ref S377-99 and S227-00). All
research has been conducted in accordance with the Declaration of Helsinki of
the World Medical Association (109) and it’s fundamental principle on the
respect for the individual (Article 8), his or her right to self-determination and
the right to make informed decisions (Articles 20, 21 and 22) regarding
participation in research, both initially and throughout the course of the
research.

To provide informed consent, all study participants received written and oral
study information and ensured time for eventual questions. Study participants
were informed of their right to withdraw consent at any point during the study,
without the need to provide a reason. The possible benefits of study
participation is the thorough physical and mental examination. Participants
were also referred to relevant specialist care in the event of detected
pathological findings.
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PARTICIPANTS
PAPER I

The study sample was drawn from the Prospective Population Study of Women
(PPSW), a large-scale, population-based study initiated in 1968-1969 in
Gothenburg, Sweden. This survey included a representative cohort of 1462
women (response rate: 90.1%) who were identified through the Swedish
Population Register and were living in Gothenburg, Sweden, either in private
homes or in residential care. Participants were born in the years 1908, 1914,
1918, 1922, and 1930 (110). Our study was based on the follow-up conducted
in 1992-1993, which included 837 surviving women from the initial cohort
who were invited to participate. Of these, 591 agreed to take part (response
rate: 70.6%). Among them, 88 women aged 70—84 years consented to undergo
a lumbar puncture (LP) procedure. Two individuals were subsequently
excluded due to a dementia diagnosis at the time of the LP, resulting in a final
sample of 86 non-demented women.

PAPERII

The study sample was drawn from the PPSW (110) and from the year 2000
cohort of the Gothenburg H70 Birth cohort study (111), a large
epidemiological study focused on examining the health of older adults living
in Gothenburg, Sweden. Participants were recruited from the Swedish
Population Register and were residing either in private households or in
residential care facilities. The sample included women from the PPSW born in
1908, 1914, 1918, and 1922, as well as women and men from the H70 cohort
born in 1930. Among the 1504 individuals invited to participate in the
psychiatric evaluation, 1018 agreed to take part, yielding a response rate of
67.7%. After excluding 94 individuals diagnosed with dementia, three with
incomplete cognitive assessments, and five with missing data on suicidal
ideation, the final study sample comprised 916 participants (692 women and
224 men).

PAPER III

The sample was drawn from the 2014 cohort of the Gothenburg H70 Birth
Cohort Study (112), conducted between 2014 and 2016. Participants were
selected from the Swedish Population Register and included 1839 women and
men born in 1944 who were residing in either private homes or residential care
facilities in Gothenburg. Of these, 1203 individuals (72.5% response rate)
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consented to participate in the psychiatric examinations. Among them, 430
individuals agreed to undergo a LP. Medical contraindications to LP were
identified in 108 participants, resulting in 322 individuals completing the
procedure. Of these, five were excluded due to a dementia diagnosis and one
due to incomplete data on suicidal ideation, yielding a final sample of 316
participants (151 women and 165 men).

PAPER IV

As in Paper III, the sample for this study was drawn from the 2014 cohort of
the Gothenburg H70 Birth Cohort Study (112), with participant selection and
study procedures identical to those described previously. A total of 788
individuals completed both MRI scans and assessments of suicidal ideation.
After excluding 14 individuals diagnosed with dementia, the final analytical
sample comprised 774 participants (404 women and 370 men).

PROCEDURES

Across Papers -1V, a comprehensive series of clinical assessments was
administered either at a geriatric outpatient clinic or within the participants'
homes. These evaluations spanned multiple domains, including social,
functional, physical, neuropsychiatric, and neuropsychological functioning.

In Paper II, additional clinical information was obtained through interviews
with close informants to supplement participant data.

In Papers III-IV, data were collected on participants' lifetime history of
depression.

In Papers I-1V, information was obtained regarding participants' history of
stroke, educational level, smoking status, and cohabitation status.

Additionally, in Papers I-1V, data on current medication use was collected
during the assessment and categorized according to the Anatomical
Therapeutic Chemical (ATC) classification system..

INSTRUMENTS

In Papers I-IV, neuropsychiatric symptoms were assessed using the
Comprehensive Psychopathological Rating Scale (CPRS) (23). Depressive
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symptoms were evaluated using the Montgomery-Asberg Depression Rating
Scale (MADRS) (23), a subscale of the CPRS, while cognitive function was
screened using the Mini-Mental State Examination (MMSE) (113).

In Paper II, the MADRS score was calculated using a modified version
consisting of seven items (MADRS-7), following the exclusion of two items:
concentration difficulties and lassitude. These exclusions were made since
concentration difficulties were used to assess cognitive status, while lassitude
was excluded due to its overlap with the evaluation of suicidal ideation.

In Paper 11, self-perceived cognitive function was assessed using selected items
from the CPRS (Table 2) (23). In addition, Informant-based assessments were
conducted through semi-structured interviews with a close informant, which
included the Informant Questionnaire on Cognitive Decline in the Elderly
(IQCODE) (114), which evaluates perceived cognitive changes over the
previous ten years, independent of prior cognitive ability. The neuropsychiatric
functioning was assessed using adapted elements from the Alzheimer’s
Disease Assessment Scale—Cognitive Subscale (ADAS-Cog) (115). Basic
activities of daily living (ADL) (116) were assessed based on the Katz Index
(117) which determines the level of independence in the tasks of bathing,
dressing, toileting, transferring, and feeding. Instrumental activities of daily
living (IADL) including cleaning, shopping, using transportation, and cooking
were also evaluated.

Alcohol use was assessed in Papers -1V using the self-administered Alcohol
Use Disorders Identification Test (AUDIT) (118), and participants' weekly
alcohol consumption (grams per week) was estimated based on their reported
drinking habits.
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Source of information

Method and criteria

Assessed item

Participant

Personal perception rated on a 0-6 scale:
* 0-2: No or mild issues

* 3—6: Frequent or significant difficulties
Impairment: score > 2

Memory difficulties
Concentration difficulties
Difficulties making decisions
Difficulties taking initiative

Close informant

Close informant evaluates changes
over the past 10 years

on a scale from 1-5:

* 1-2: Improved

* 3: No change

¢ 4-5: Declined

Impairment: > weighted mean 3.125

Orientation to persons (3 items)
Episodic recent memory (2 items)
‘Working memory (1 item)
Orientation to person (1 item)
Orientation to time (1 item)
Orientation to location (2 items)
Know how to work

familiar machines (1 item)
Learning ability (2 1tems)
Episodic remote memory (1 item)
Semantic memory (2 items)
Speech comprehension (1 item)
Written language comprehension (1 item)
Composing a letter (1 item)
Adjusting ability (1 item)

Ability to follow a story in a book
oron TV (1 item)

Making decisions (1 item)
Handling money and finances (2 items)
Abstract thinking (1 1tem)
Reasoning ability item (1 item)

Neuropsychiatric
examination

Professional rating on a 0-6 scale:
* 0: No difficulties

* 6: Severe difficuly

Impairment: any score > 0

Memory

Orientation to time

Orientation to location

Orientation to person

Orientation to situation

Recent memory

Remote memory (2 items)
Semantic memory (the three largest
cities in Sweden: score range 0-3)
Language

Comprehension of spoken language
Spoken language ability
‘Word-finding difficulty
Visuospatial ability

Drawing geometrical figures
Executive functioning
Concentration

Following commands
Understanding proverbs (score range 0-4)
Ideational praxis

Word fluency (animals in 1 min)

Clinical self-care daily
activity examination

Professional rating: independent or dependent
Impairment: dependent

ADL

Bathing
Dressing
Toileting
Transferring
Feeding
TADL
Cleaning
Shopping
Transportation

Cooking

Table 2. Overview of assessment of cognitive function. Original by the author.
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DIAGNOSIS

In Paper I-IV, major depression was diagnosed using criteria from the DSM-
IV (119). The bereavement criterion was not applied, in order to align with
DSM-5 (120) standards. A diagnosis required the presence of five or more
depressive symptoms during the same two-week period, including either
depressed mood or loss of interest or pleasure.

In Paper I, minor depression was identified using the DSM-IV research criteria,
which required a persistently low mood or diminished interest or pleasure in
most activities, along with a total of two to four additional symptoms.

In Paper I-IV, dementia was diagnosed according to the Diagnostic and
Statistical Manual of Mental Disorders, Third Edition, Revised (DSM-III-R)
(121). The diagnostic process incorporated information from both
neuropsychological testing and interviews with close informants, each
assessed independently. A diagnosis of dementia required evidence of
cognitive decline sufficient to interfere with social or occupational functioning
and a minimum symptom duration of six months. Individuals who met these
criteria were excluded from all analyses.

In Paper II, a total weekly alcohol consumption exceeding 100 g/week for
women and 150 g/week for men was defined as current risk consumption.

ASSESSMENT OF SUICIDAL THOUGHTS AND
BEHAVIORS

In Paper I, a score of 4 or higher on the suicidality item of the MADRS (23)
was considered indicative of suicidal ideation within the past month.

In Papers II-1V, suicidal thoughts and behaviors were assessed using the
Paykel questions (24), which include items addressing life-weariness, death
wishes, thoughts of taking one’s own life, serious contemplation of suicide,
and suicide attempts, as previously described in the Introduction. Following
the original classification by Paykel et al., responses were categorized
according to time frames, differentiating between suicidal ideation experienced
within the past year (last week, last month, or within the past year) and
throughout an individual’s lifetime (last week, last month, last year, or at any
point more than a year ago).
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In Paper 1V, participants were also asked to report the age at which they first
experienced each type of suicidal ideation or behavior.

CSF ANALYSIS

In Papers I and IlI, participants underwent a LP for CSF collection, typically
performed in the morning following an overnight fast, through the L3/L4
interspace using standard sterile techniques. A total of 12 millilitres of CSF
was drawn, gently mixed to prevent gradient effects, and promptly processed.
The samples were centrifuged to eliminate cells and other insoluble materials,
with minor differences in centrifugation parameters: 2000 g for 10 minutes at
room temperature (20°C) in Paper I, and 1800 RCF for 10 minutes at 20°C in
Paper III. The clear supernatant was then aliquoted into 1 ml portions, snap-
frozen, and stored at —80°C (Paper I) or —=70°C (Paper I1I) until analysis. All
samples were transported under strict cold chain conditions to the Clinical
Neurochemistry Laboratory at the University of Gothenburg. All biomarker
analyses were conducted blinded to participants’ clinical and psychiatric
status.

CSF biomarkers were generally measured using various enzyme-linked
immunosorbent assays (ELISAs) (122).

In Paper I, CSF YKL-40 concentrations were measured using the Human
Chitinase 3-like 1 Quantikine ELISA Kit (R&D Systems, Minneapolis, MN),
with an intra-assay coefficient of variation of 3.3%, an inter-assay coefficient
of variation of 9.1%, and a detection limit of 6.25 ng/ml. CSF GAP-43 was
determined at the detection limit of 140 pg/ml via sandwich ELISA (123), as
previously described (124). CSF MBP levels were measured using the Active
MBP ELISA Kit (Diagnostic Systems Laboratories Inc., Webster, TX) with a
detection limit of 0.1 ng/ml.

In Paper III, CSF Ng was measured using a custom-developed ELISA test
that were designed, optimized, and validated within the lab (in-house ELISA),
which has been previously described (87). CSF levels of NfL were measured
by sandwich ELISA (125). Sandwich ELISA was also used when measuring
CSF levels of AP42, T-tau, P-tau (126-128). The inter-assay coefficients of
variation for the ELISA methods were 12% for AB42, 10% for T-tau, and 9.8%
for P-tau.
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MCI DIAGNOSIS AND IMPAIRMENTS IN SPECIFIC
COGNITVE DOMAINS

MCI was defined according to the criteria established by Winblad et al, as
described in the Introduction (95). An algorithm was used, which integrated
binary (impaired/not impaired) data from the participant self-reports (115),
interviews with a close informant (114), and neuropsychiatric evaluations
(129) along with objective assessments of ADL (116) and IADL, as described
in the Instruments section. Individuals without dementia were categorized as
having MCI if they met the following conditions: 1) reported subjective
cognitive decline (a score greater than 2 on any self-reported cognitive item),
regardless of whether this was supported by the close informant (IQCODE
score >3.12); 2) exhibited objective cognitive deficits in the neuropsychiatric
assessment (score >0 on any cognitive item); and 3) maintained full
independence in ADL and had only mild limitations in IADL (i.e., partial
dependence, but not across all domains).

Participants who did not meet full MCI criteria but also could not be classified
as cognitively intact (such as those with subjective complaints not corroborated
by objective testing, or vice versa) were grouped as having cognitive
impairment not meeting MCI criteria. To distinguish between cognitive and
physical causes of functional limitations, research notes were reviewed when
inconsistencies were found between cognitive performance and functional
ability. Final MCI classification in such ambiguous cases was determined
through consensus meetings among dementia specialists (SS, IS, SK). During
these reviews, it was also agreed that functional impairments in participants
with Mini-Mental State Examination (MMSE) scores above 26 were unlikely
to be due to cognitive decline.

Among participants classified having MCI, impairments across the cognitive
domains of memory, language, visuospatial skills, and executive function were
evaluated using the neuropsychiatric assessment (see Table 2). All cognitive
items were rated dichotomously (impaired/not impaired), and a single impaired
score within a domain led to that domain being classified as impaired.
Similarly, the categories of self-reported versus objectively measured
cognitive impairment were determined based on their respective domains.
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MRI EXAMINATIONS

Within three months of their initial study visit, participants were invited to
undergo brain MRI scanning at the Aleris Clinic in Gothenburg, utilizing a 3.0
Tesla Philips Achieva scanner (112). WML volumes were assessed using
version 2.0.15 of the Lesion Segmentation Tool (LST), an open-source toolbox
integrated with the Statistical Parametric Mapping (SPM) platform
(https://www fil.ion.ucl.ac.uk/spm/). This tool is widely applied for the
automatic segmentation of WMLs, which appear as hyperintensities in T2-
weighted FLAIR images (130). To account for individual differences in brain
size, WML volumes were normalized by total intracranial volume (ICV),
estimated using the SPM12 software (112). WML measurements from thirteen
participants did not meet quality control standards and were therefore excluded
from the MRI analyses.

Grey matter regions of interest (ROIs) were quantified using the software
FreeSurfer version 6.0.0 (http://surfer.nmr.mgh.harvard.edu/) via TheHiveDB
platform (131). Mean volumes for the left and right hemispheres were
calculated. Normalization was performed by adjusting each measured brain
region volume in proportion to the participant’s ICV, relative to the mean ICV
of the study population. This was achieved by multiplying the individual brain
region volume by the ratio of the population’s average ICV to the participant’s
ICV.
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STATISTICS

In Paper I, differences in mean CSF levels of YKL-40, GAP-43, and MBP
were compared between participants with and without past-month suicidal
ideation using Student’s t-tests. To account for potential confounders, binary
logistic regression models were used, adjusting for smoking status, BMI, and
age, with results reported for fully adjusted models. Differences in biomarker
levels across depression categories (no, minor, major) were assessed using F-
tests, which test whether there are significant differences in means across
multiple groups. Relationships between the CSF markers and individual
MADRS items (excluding the suicide item) were initially tested using Fisher’s
exact test, followed by binary logistic regression with the same covariates.

In Paper I, group differences in continuous variables were compared using
Student’s t-test, while categorical variables were assessed using Fisher’s exact
test. The cognitively intact group served as the reference category for all
comparisons. Stepwise backward logistic regression was applied to determine
the association between cognitive status and suicidal ideation, with age,
gender, marital status, education, and major depression included as covariates.
Relationships between self-reported and objective cognitive deficits and
suicidal ideation were examined using a fully adjusted regression model under
the same covariates. Associations between impairments in specific cognitive
domains and suicidal ideation were tested among individuals with MCI using
Fisher’s exact test and logistic regression models adjusted for age, sex, marital
status, education, and major depression. In additional analysis, major
depression was replaced with MADRS-7.

In Paper I1I, CSF Ng and NfL levels were dichotomized into “high” (highest
quintile) and “low” (remaining quintiles) groups. CSF Ap42, T-tau, and P-tau
levels were categorized as high or low using established thresholds (AB42
<530 pg/mL, T-tau >350 pg/mL, P-tau >80 pg/mL) (95). Ratios of CSF Ng to
CSF Ap42, T-tau, and P-tau were also calculated. Fisher’s exact test assessed
categorical differences across the groups of high and low CSF Ng. Mann-
Whitney U test was employed for continuous variables. Initial comparisons of
suicidal ideation (past year and lifetime) between high and low CSF groups
utilized Fisher’s exact test with unadjusted odds ratios. Subsequent logistic
regression models (stepwise backward) examined associations between high
CSF Ng and lifetime suicidal ideation, adjusting for smoking, BMI, and self-
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reported history of depression. Additional models tested the influence of low
AP42, high T-tau, and high P-tau as separate covariates.

In Paper IV, we compared WML volume and grey matter ROI volumes
between participants with and without suicidal ideation using t-tests and Mann-
Whitney U tests. Binary logistic regression models were used to test
associations between MRI volumes and suicidal ideation, adjusting for sex,
cohabitation, history of stroke, self-reported history of depression, and alcohol
consumption. We also examined whether the timing of suicidal ideation onset
(before or after age 40) was associated with neuroimaging variables.

All statistical tests across Paper I-IV were two-tailed, and significance was set
at p <0.05. Missing data was handled by list-wise deletion. Analyses were
performed using SPSS for Windows, versions 17 through 29.
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RESULTS
PAPER |

Eight participants reported experiencing suicidal ideation within the past
month. These women exhibited higher MADRS scores compared to those
without suicidal ideation, while MMSE scores did not differ between the
groups. Additionally, CSF levels of YKL-40 and GAP-43 were higher among
women report past month suicidal ideation, whereas CSF levels of MBP
showed no difference between the two groups.

In the binary logistic regression models adjusted for smoking status, BMI, and
age, both CSF levels of YKL-40 and GAP-43 remained associated with
suicidal ideation (Table 3). Higher CSF YKL-40 levels were associated with
suicidal ideation in the fully adjusted model. Additionally, a one-unit increase
in CSF GAP-43 was associated with more than a fourfold increase in the odds
of reporting suicidal ideation. In contrast, CSF MBP showed no association
with suicidal ideation in any of the adjusted models.

Smoking BMI Age Fully adjusted
OR CI(95%) OR CI(95%) OR CI(95%) OR CI(95%) P
YKL-40 (10%g/ml) 1.15 1.01-1.30* 1.15 1.01-1.30* 1.12 1.00-1.25 1.17 1.02-1.34 0.026
GAP-43 (ng/ml)  3.42 1.07-11.01* 4.48 1.30-15.41* 3.22 0.97-10.69 4.61 1.29-16.49 0.019

MBP (ng/ml) 3.70 0.31-44.15 5.44 0.36-82.17 2.83 0.23-34.98 5.94 0.37-96.49 0.211
BMI, Body Mass Index. OR, Odds ratio. CI, Confidence interval.
*P <0.05

Table 3. CSF markers in binary logistic regression models. Original by the
author.

Major depression was diagnosed among 10 participants and minor depression
in 9. No differences in YKL-40, GAP-43, or MBP levels were observed across
the depression subgroups. Additionally, there was no relationship between
CSF biomarker levels and depression severity, based on MADRS-stratified
groups (no depression, mild, moderate).

The exploratory analyses examining associations between CSF biomarkers and
individual MADRS items (excluding the suicide item) showed a relationship
between higher CSF GAP-43 levels and feelings of worthlessness. This
association remained after adjustment for smoking status, BMI, and age,
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showing a nearly six-fold increase in odds ratio (OR 5.95 CI [1.52-23.20], P
=0.01). No associations were observed for YKL-40 or MBP in relation to any
of MADRS items.

PAPERII

Among the participants, 182 individuals were diagnosed as cognitively intact,
286 with MCI, and 448 individuals were found to have cognitive impairment
not meeting MCI criteria.

The distribution of reports of suicidal ideation within the past year and over
the lifetime is presented in Table 4. Participants with MCI reported life-
weariness during the past year more often than those without cognitive
impairment. A similar pattern was observed for death wishes reported in the
past year. In total, 16.0% of participants with MCI endorsed some degree of
suicidal ideation during the previous year, compared to only 1.1% in the
cognitively intact group.

This difference represents a nearly 17-fold increased odds of suicidal ideation
among participants with MCI. An elevated risk was also seen in the group with
cognitive impairment not meeting MCI criteria, however, their odds were
substantially lower than those observed in the MCI group.

Lifetime experiences of life-weariness were more common among participants
with MCI, with approximately one-third reporting such feelings at some point
in their lives, compared to about one-tenth of those without cognitive
impairment. Similarly, reports of lifetime death wishes and suicidal ideation of
any severity were more frequent among individuals with MCI. A similar trend
was observed in those with cognitive impairment that did not meet MCI
criteria.

When adjusting for demographic factors and major depression, MCI remained
related to higher odds of both life-weariness and death wishes reported within
the past year (Table 5). Additionally, individuals with MCI were nearly three
times more likely to have experienced life-weariness at any point in their lives.
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Cognitively Not fulfilling
intact MCI criteria MCI
(n=182) (n=448) (n=286)
Suicidal ideation No. (%) No. (%)OR (95% CI) No. (%) OR (95% CI)
Past year
Life weariness 1(0.6) 22(5.8) 9.92 (1.33-74.20)* 39 (16.8) 32.33 (4.39-237.94)*
Death wishes 2(1.2) 13(3.2) 2.68(0.60-12.02) 26(10.3) 9.34(2.19-39.88)*
Thought of taking your life 1(0.6) 3(0.7) 1.22(0.13-11.84) 7(2.6) 4.54(0.55-37.24)
Seriously considered taking your life 0 (0.0) 1(0.2) - - 3(1.1) - -
Attempted to take your life 0(0.0) 0(0.0) - - 104 - -

Suicidal ideation, any severity level 2 (1.1) 27 (6.1) 5.81 (1.37-24.69)* 45 (16.0) 16.99 (4.07-70.98)*
Lifetime

Life weariness 22 (12.1) 1(20.4) 1.86(1.13-3.08)* 92(32.3) 3.47(2.08-5.77)*
Death wishes 19(10.4) 2(11.6) 1.13(0.65-1.97) 59 (20.6) 2.23 (1.28-3.88)*
Thought of taking your life 14(7.7) 34(7.6) 0.99 (0.52-1.89) 27 (9.4) 1.25(0.64-2.46)
Seriously considered taking your life 9(4.9) 18(4.0) 0.81(0.36-1.83) 17 (5.9) 1.22(0.53-2.79)
Attempted to take your life 3(1.6) 11(2.5) 1.50(0.41-5.45) 11(3.9) 2.40(0.66-8.71)
Suicidal ideation, any severity level 27 (14.8) 1.82 (1.15-2.90)* 102 (35.7) 3.18(1.98-5.12)*

MCI, Mild Cognitive Impairment. OR, Odds ratio. CI, Confidence interval.

Associations between cognitive status and suicidal ideation were assessed using Fishers's exact test and are significant at P <.05.
Missing information regarding past year suicidal feelings: Cognitively intact n= 3, Not fulfilling MCI criterian= 11 and MCIn= 11.
Missing information regarding lifetime suicidal feelings: Not fulfilling MCI criterian=11.

*P <0.05

Table 4. Associations between cognitive status and reports of suicidal ideation.
Original by the author.

Additional models adjusting for MADRS-7 items showed that MCI remained
associated with life-weariness, regardless of the timeframe.

Regression models exploring subjective and objective cognitive impairment in
relation to passive suicidal ideation showed that subjective cognitive
complaints were associated with both life-weariness and death wishes,
regardless of when they occurred. In contrast, objective cognitive impairment
was associated only with life-weariness reported in the past year.

Finally, among participants with MCI, impairments in specific cognitive
domains were analysed. Both memory impairment and deficits in visuospatial
ability were associated with life-weariness reported within the past year, as
well as with lifetime experiences of life-weariness.
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Past year suicidal ideation

Variable

Death wishes
OR (95% CI)

Life weariness
OR (95% CI)

Age

Sex (female)

Married or cohabiting
Education beyond mandator
Major depression

14.97 (5.37-41.74)*

0.96 (0.89-1.04)

2.66(0.70-10.21)

0.42 (0.19-0.97)*
1.12 (0.48-2.62)

0.97 (0.89-1.05)
7.24 (0.94-55.58)
0.74 (0.30-1.82)
1.40 (0.57-3.42)
8.49 (3.18-22.68)*

MCI 18.32 (2.44-137.75)* 5.30 (1.19-23.64)*
Lifetime suicidal ideation
Life weariness Death wishes
Variable OR (95% CI) OR (95% CI)
Age 0.97 (0.92-1.01) 0.98 (0.93-1.03)

Sex (female)

Married or cohabiting
Education beyond mandator
Major depression

MCI

8.40 (3.35-20.99)*

1.41 (0.69-2.87)
0.47 (0.27-0.79)*
1.43 (0.84-2.44)
4.72 (2.07-10.76)*

1.75 (0.97-3.18)

1.45 (0.77-2.74)
0.46 (0.29-0.75)*
1.66 (1.03-2.70)*

2.90 (1.67-5.05)*

MCI, Mild Cognitive Impairment. OR, Odds ratio. CI, Confidence interval.
Associations between MCI and suicidal ideation in logistic regression models
(stepwise backward) are significant at P < 0.05.

*P <0.05.

Table 5. Logistic regression models adjusted for relevant covariates.

Original by the author.

PAPER Il

Among participants, life weariness during the past year was reported by 9
individuals, death wishes by 7, and thoughts of taking one's life by 5. In total,
9 individuals (2.8%) reported experiencing any level of suicidal ideation
during the past year. No associations were found between reports of past-year
suicidal ideation and high CSF levels of Ng, NfL, T-tau, P-tau, or low CSF

AB42.

Lifetime suicidal ideation of any severity was reported by 58 participants

(18.4%) (Table 6).
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Life weariness (n = 51) Death wishes (n = 37) Thoughts of taking Seriously considered Suicidal ideation,
your life (n = 25) taking your life (n =7) any severity level (n = 58)
Variable n (%) OR (95% CI) n (%) OR (95% CI) n (%) OR (95% CI) n (%) OR (95% CI) n (%) OR(95% CI)
High Ng  17(33.3) 2.31 (1.19-4.48)* 14 (37.8) 2.70 (1.30-5.61)* 11 (44.0) 3.47 (1.49-8.08)* 2 (28.6) 1.49 (0.28-7.86) 18 (31.0) 2.06 (1.09-3.92)*
High NfL  12(23.5) 1.18 (0.58-2.41) 9 (24.3) 1.19 (0.53-2.66) 6 (24.0) 1.15(0.44-3.00) 2 (28.6) 1.40 (0.26-7.39) 12(20.7) 0.97 (0.48-1.95)
Low APy, 7(13.7) 0.48(0.21-1.12)  8(21.6) 0.93 (0.41-2.14) 6 (24.0) 1.07 (0.41-2.80) 2(28.6) 1.56 (0.30-8.28) 8(13.8) 0.4 (0.21-1.06)
High T-tau 21 (41.2) 1.50 (0.81-2.77) 16 (43.2) 1.62 (0.81-3.27) 12 (48.0) 1.97 (0.87-4.50) 3 (42.9) 1.51(0.33-6.89) 23 (39.7) 1.40(0.78-2.53)
High P-tau 5 (9.8) 1.80(0.63-5.21) 5(13.5) 2.81(0.95-8.33) 3 (12.0) 2.22(0.60-8.19)  0(0) - 5(8.6) 1.52(0.53-4.37)
Ne. Neurogranin. NfL, Neurofilament light chain. AB42, Amyloid-1-42. T-tau, Total tau. P-tau, Phoshorylated tau. OR, Odds ratio. CI, Confidence
Data for suicide attempts not shown due to cells with fewer than 5 counts.

Fishers's exact test was used to test for differences in proportions and unadjusted OR were computed.

Differences were considered significant at P < 0.05 (tv led).
High Ng: values in the top quintile. Low AB,,: <530 pg/mL. High T-tau: 2350 pg/mL. High P-tau: >80 pg/mL.
*P <0.05

Table 6. CSF biomarkers by lifetime suicidal ideation. Original by the
author.

A relationship was found between high CSF Ng and lifetime experiences of
life-weariness, death wishes, thoughts of taking one’s life as well as any level
suicidal ideation.

These associations persisted even after adjusting for smoking status, BMI, and
self-reported lifetime depression in fully adjusted regression models (Table 7).

Life weariness  Death wishes Thought of taking Suicidal ideation,

(n=151) (n=37) your life (n = 25) any severity level (n = 58)
Variable OR (95% CI) OR(95% CI)  OR (95% CI) OR (95% CI)
Current smoker 2.58 (1.03-6.46)* 2.60 (0.92-7.35) 0.82 (0.17-4.00) 2.89 (1.19-7.02)*
BMI 1.05(0.98-1.12) 1.01(0.93-1.10) 0.98 (0.88-1.08) 1.06 (1.00-1.13)
Self-reported lifetime depression 1.86 (0.97-3.58) 2.76 (1.33-5.75)* 2.74 (1.16-6.46)* 1.46 (0.77-2.76)
High Ng 2.03 (1.01-4.11)* 2.26 (1.02-4.98)* 3.17 (1.31-7.65)* 1.98 (1.00-3.90)*

BML, Body Mass Index. Ng, neurogranin. OR, Odds ratio. CI, Confidence interval.

Associations between Ng and suicidal ideation in logistic regression models (stepwise backward) were considered significant
at P <0.05 (two-tailed).

High Ng: values in the top quintile.

Table 7. Logistic regression models adjusted for relevant covariates.
Original by the author.

High CSF Ng was linked to a more than twofold increase in the odds of
reporting life-weariness and death wishes, and with a more than threefold
increase in the odds of reporting thoughts of taking one’s life. In contrast, no
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associations were observed between lifetime suicidal ideation and other
biomarkers, including high NfL, low AB42, high T-tau, or high P-tau.

Additional regression models, each individually adjusted for low AB42, high
T-tau, and high P-tau, confirmed that the association between high CSF Ng
and suicidal ideation remained robust across these adjustments. Furthermore,
a distinct association was identified between low APB42 and lifetime reports of
life-weariness.

PAPER IV

As this paper has not yet been published, this section will only provide a brief
summary of the results.

Individuals who had seriously considered suicide at some point in their lives
showed greater WML volume compared to those without such ideation.
However, after adjusting for relevant covariates, including depression, no
associations remained between WML volume and suicidal ideation, regardless
of its severity or timeframes. Similarly, no differences in mean grey matter
ROI volumes were observed between participants with and without suicidal
ideation, regardless of timeframe. The age at onset of suicidal ideation was also
not associated with differences in WML or grey matter ROI volumes.
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DISCUSSION
PAPER |

In Paper 1, women who had experienced suicidal ideation within the past
month had higher CSF levels of both YKL-40 and GAP-43 compared to those
without such ideation. These associations persisted even after adjusting for
potential covariates and could not be attributed to depression status.

Since YKL-40 has not been previously examined in relation to suicidal
ideation or behavior, direct comparisons with existing research are thus
challenging. Nevertheless, YKL-40 is a well-established biomarker of
microglial activation and neuroinflammation (132), both of which are
biological processes consistently associated with suicidal behavior in previous
studies (39, 40).

GAP-43 has not been previously examined in non-clinical samples.
Nevertheless, our findings indicate that elevated CSF GAP-43 levels are
associated with reports of suicidal ideation within the past month, consistent
with prior evidence of increased GAP-43 immunoreactivity observed in a
postmortem study of depressed individuals who died by suicide (84). Given
that GAP-43 is a marker of synaptic plasticity (133), these findings further
support the hypothesis that neurobiological alterations affecting neuronal
connectivity may contribute to suicidal behavior. However, contrasting
evidence comes from another postmortem study of suicide completers, which
reported reduced GAP-43 levels in a similar population (85). These conflicting
results may be attributable to differences in the brain regions analysed,
methodological variations, the timing of suicide relative to sample collection,
or the presence of comorbid conditions.

CSF levels of MBP did not differ between participants with and those without
suicidal ideation. This result contrasts with earlier postmortem findings in
individuals with schizophrenia and depression who died by suicide (85). The
absence of association in our sample may reflect limitations in statistical power
or may indicate that myelin-associated changes are less relevant to suicidal
ideation than to completed suicide.

Finally, the exploratory analyses revealed an association between higher CSF
GAP-43 levels and reported feelings of worthlessness, a symptom that has
previously been linked to future suicide attempts (134). Although we were
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unable to apply corrections for multiple comparisons due to the limited sample
size, this specific finding may represent a meaningful lead for further
investigation, suggesting that certain affective symptoms may be more closely
linked to the underlying neurobiological processes associated with suicidal
behavior.

In conclusion, the findings of this study support the involvement of
neuroinflammation and synaptic dysfunction in the neurobiology of suicidal
ideation.

PAPERIII

In Paper II, we found that experiences of life-weariness and death wishes,
regardless of the timeframe of ideation, were more common among individuals
with MCI when compared to cognitively intact individuals. These associations
remained even after adjusting for covariates, including depression status.

We could not identify any previous population-based studies that addressed
the association between MCI, defined using the Winblad et al. criteria (95),
and suicidal ideation for comparison. While not directly comparable, a
prospective cohort study using diagnostic criteria from the National Institute
of Neurological and Communicative Disorders and Stroke, and the AD and
Related Disorders Association (NINCDS-ADRDA) found no increased risk of
suicide among older adults with MCI attending memory clinics (135).
Similarly, a case-control study of older suicide attempters found no association
between MCI, assessed using MMSE and diagnostic interviews, and suicidal
ideation (136). These discrepancies may be attributable to several factors,
including variations in diagnostic criteria, differences in study populations, and
the severity of suicidal ideation or behavior being addressed across studies.

Furthermore, our findings also indicated a connection between self-perceived
cognitive impairment and reports of passive suicidal ideation, regardless of the
timeframe. We were unable to locate any prior studies that directly examined
the differences between self-reported cognitive impairment and objectively
measured cognitive impairment in relation to suicidal ideation. However,
several studies have reported an increased incidence of death by suicide shortly
after a dementia diagnosis (137, 138). The authors of these previous studies
have attributed this phenomenon to a subjective awareness about the eminent
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progress of cognitive decline, further loss of functional abilities, fear of losing
independence, and anxiety about becoming a burden to others.

In our study, individuals with MCI who reported passive suicidal ideation
exhibited impairments in both memory function and visuospatial abilities. Our
assessment of memory function included items regarding recent and remote
memory, semantic memory as well as time orientation. Consistent with our
findings, a previous population-based study also reported that individuals with
passive suicidal ideation in the past month exhibited impairments in time
orientation (66). In line with our results, several previous clinical studies have
also identified short-term and working memory deficits among depressed older
suicide attempters (17, 61, 139, 140).

Reduced visuospatial abilities, evidenced by difficulties in drawing geometric
figures, were also observed among participants with MCI who reported passive
suicidal ideation. Although a previous clinical study has shown that suicide
attempters tend to perform poorly on similar tasks (141), this is the first study
to examine this association within a population-based context.

In this study, no relationship was found between suicidal ideation and
language-related abilities—such as speech comprehension, speech production,
and word-finding difficulties—which are functions linked to the phonological
loop component of working memory. Notably, this area has not been
previously explored in relation to suicidal ideation.

Unexpectedly, executive function impairments were not associated with
suicidal ideation among participants with MCI. This contrasts with previous
studies linking executive dysfunction to suicidal behavior, although those
studies primarily focused on clinically depressed individuals (58-61, 142, 143),
making direct comparisons challenging. Variations in assessment methods
may also explain these differing findings.

To conclude, the findings from this study suggest a relationship between
passive suicidal ideation and MCI when compared to cognitively intact peers,
independent of depression status. The study also highlighted both self-
perceived cognitive difficulties and objective cognitive impairments,
particularly in the memory and visuospatial domains. These results underscore
the importance of considering cognitive status when assessing suicide risk in
older adults.
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PAPER I

In Paper III, we found that high CSF Ng was related to lifetime reports of
passive suicidal ideation among older adults. These associations remained after
adjusting for potential covariates, including self-reported lifetime depression.
Furthermore, the association was not influenced by CSF biomarkers of AD.

We found that high CSF Ng was associated with a two- to three-fold increased
risk of reporting life-weariness, death wishes, thoughts of self-harm, and
suicidal ideation at any level of severity. Although Ng has not been previously
explored in the context of suicidal behavior, its established role in synaptic
plasticity and function may offer a plausible explanation for this association
(87). Furthermore, the findings from this study align with those of Paper I,
which also demonstrated a connection between synaptic dysfunction and
suicidal ideation in older adults. Ng is known to be expressed in the prefrontal
cortex and hippocampus —brain regions critical for mood regulation,
cognitive flexibility, and stress adaptation (86, 144). Synaptic dysfunction in
these areas could contribute to maladaptive stress responses and difficulties in
emotional regulation, ultimately increasing the risk of suicidal behavior.

Additionally, Ng is expressed in the amygdala and neocortex, which, together
with the hippocampus, play key roles in learning and memory. The presence
of microgliosis in the neocortex of individuals who died by suicide further
supports the notion that synaptic impairment in these regions may contribute
to suicidal tendencies by diminishing the capacity to cope with environmental
stressors (86, 145, 146). This concept is consistent with findings from Paper
II, which identified a link between cognitive impairment—particularly
memory impairments—and passive suicidal ideation.

In our study, we also observed that the association between high CSF Ng and
a history of lifetime suicidal ideation could not be explained by alterations in
the AD biomarkers. However, low CSF AB42 was detected among participants
reporting lifetime experiences of life weariness. Notably, a substantial
proportion of individuals with high CSF Ng levels also exhibited increased
CSF T-tau and P-tau concentrations, suggesting that these findings may reflect
early-stage neurodegeneration and impaired neuronal function commonly seen
in AD. Consistent with this, previous research has indicated that CSF Ng may
serve as a marker of impaired memory performance, potentially signaling
cognitive decline that can occur prior to or independently of AD pathology
(147).
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We could not identify any previous population-based studies directly exploring
the relationship between amyloid burden, tau pathology, and suicidal behavior
for comparison. However, a smaller clinical study reported an association
between lower CSF T-tau and P-tau levels and suicidal ideation in patients with
MCI and probable AD, compared to healthy controls (148).

NfL has not been previously examined in relation to suicidal ideation in
population-based, non-clinical samples. Nevertheless, our findings indicate no
association between CSF NfL levels and reports of suicidal ideation within the
past year or across the lifetime, suggesting that structural neuronal damage
may not play a central role in the emergence of suicidal thoughts. This stands
in contrast to recent clinical evidence reporting elevated serum NfL levels in
individuals hospitalized following a suicide attempt (94). Notably, that sample
consisted predominantly of young women diagnosed with depression and
assessed during acute intoxication—both factors that may influence NfL levels
and complicate direct comparisons (149, 150). Moreover, it is important to
note that the study relied on the Geriatric Depression Scale (GDS-30), which
does not include items specifically designed to assess suicidal ideation. These
discrepancies may reflect differences in sample composition, clinical severity,
timing of biomarker collection, or the biological impact of acute physiological
stressors.

In conclusion, the findings from this study highlight synaptic dysfunction—
rather than broad neurodegeneration or structural neuronal damage—as a key
contributor to the biological underpinnings of passive suicidal ideation in aging
populations.

PAPER IV

Paper IV did not identify any relationship between WML volume and suicidal
ideation across different severity levels and timeframes when adjusted for key
covariates, including depression. However, participants who had seriously
contemplated suicide displayed a higher WML volume compared to those
without such thoughts in the unadjusted model. Furthermore, no differences
were identified regarding grey matter ROI volumes between individuals with
and those without suicidal ideation, whether considering past-year or lifetime
occurrences. Neither early-onset nor late-onset suicidal ideation showed any
association with the evaluated WML or grey matter ROI volumes.
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We could not find any previous population-based study on the relationship
between WML burden and suicidal behavior for comparison. Findings from a
clinical study of depressed adults aged 60 and older reported a greater WML
burden among individuals with a history of suicide attempts within the past six
months compared to those without such a history (151). Similarly, two
additional studies in mixed-age clinical populations with mood disorders found
increased WML volume among recent suicide attempters. These findings may
suggest that WML burden is more closely associated with suicide attempts,
rather than passive suicidal ideation. It is also important to note that previous
studies have focused on clinical populations with affective disorders, in which
WML burden is typically elevated and strongly linked to late-life depression—
a known risk factor for suicidality (152). WMLs are also frequently observed
in older adults (153) and are linked to cardiovascular conditions such as
hypertension and diabetes (154). Considering the older age of our study
population, the presence of WMLs may indicate a cumulative cerebrovascular
burden, which could contribute to both cognitive and emotional instability,
particularly in response to stress (155), thereby heightening susceptibility to
suicidal behavior.

We did not find any differences in amygdala volume between individuals with
and without suicidal ideation, aligning with several clinical studies that
similarly did not observe amygdala alterations among depressed suicide
attempters. However, two studies have reported increased amygdala volumes
among suicide attempters in specific populations, one covering women with
major depression (101) and the second individuals with schizophrenia (156).
Notably, the sample sizes in these studies were limited.

Similarly, we observed no differences in hippocampal volumes between
individuals with and without suicidal ideation. Similar findings have been
reported in individuals with MDD who reported suicidal plans or attempts.
However, two studies have identified smaller hippocampal volumes; one
observed this reduction among depressed individuals with a history of suicide
attempts compared to those without, and the other reported a similar decrease
relative to healthy controls.

No differences in parahippocampal volume were observed between individuals
with and without suicidal ideation. We found no previous research directly
exploring the structural characteristics of the parahippocampus in relation to
suicidality. However, results from a functional imaging study reported
increased connectivity between the left habenula—known for its role in mood
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regulation and aversive processing (157), and the right parahippocampus in
suicide attempters compared to non-attempters (102). This finding may
represent a promising lead for future research into the neural mechanisms
underlying suicidal behavior.

Finally, we found no volumetric differences between early-onset and late-onset
suicidal ideation. This finding suggests that suicidal ideation, regardless of age
of onset, may be driven more by functional alterations in brain connectivity
than by detectable structural changes in brain volume. It is also possible that
the imaging technique used lacked the sensitivity to identify subtle volumetric
differences.

To conclude, although no association was found between suicidal ideation,
WML, and grey matter ROI volumes, the greater WML burden observed in
individuals with serious suicidal thoughts in the unadjusted models may
indicate compromised white matter integrity as a contributing factor in suicidal
behavior.

STRENGHTS

The primary strength of the study lies in the use of population-based samples
across all four papers, which enhances the external validity of the findings.
Comprehensive neuropsychiatric examinations were consistently applied,
providing robust assessments of both the occurrence and severity of cognitive
impairments and suicidal ideation across various time periods. This
methodological consistency ensures that the findings are both reliable and
comparable across studies.

Another notable strength is the integration of multiple data sources. Beyond
self-reported information, data were enriched by incorporating insights from
close informant interviews, direct clinical assessments, as well as standardized
psychiatric interviews.

The inclusion of biological measures, including CSF biomarkers and magnetic
MRI, further strengthens the objectivity of the findings. These biomarkers
were analysed using well-established laboratory techniques, and imaging data
were normalized for intracranial volume, enhancing the precision and
comparability of the results.
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In addition, validated assessment tools were employed across the studies, such
as the Paykel questions for assessing suicidal ideation, which captured both
passive and active suicidal thoughts. This standardized approach ensures the
reliability of the measurements across different cohorts.

LIMITATIONS

Limitations of Study I-IV include the cross-sectional setting and thus, no
causal inferences can be drawn about the relationship between biological
changes and suicidal ideation. The relatively small number of individuals with
severe suicidal ideation limits the ability to detect associations specific to more
severe states of suicidal ideation.

Potential selection bias must also be considered, as individuals who agreed to
participate in the studies in general and especially, in the additional
examinations of LP or MRI, differed in their basic characteristics compared to
those declining participation. Such differences could impact the
generalizability of the findings.

The findings may not be fully generalizable beyond older, community-
dwelling Swedish adults. Furthermore, Study I included only female
participants, which limits the generalizability of these findings to male
populations.

Additionally, reliance on self-reported information remains a limitation, as it
may be subject to recall bias.
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CONCLUSION

This thesis investigated the neurobiological correlates of suicidal ideation in
older adults through a comprehensive, multimodal approach, integrating CSF
biomarker analyses, neuropsychiatric assessments, and neuroimaging.

Across the four studies, the findings indicated that neuroinflammatory
processes, synaptic dysfunction, cognitive impairment, and compromised
white matter integrity may contribute to the vulnerability of suicidal ideation
in later life.

Notably, both inflammatory and synaptic CSF markers, as well as cognitive
impairment—including MCI subjective cognitive decline, and deficits in
memory and visuospatial abilities—were associated with passive suicidal
ideation independent of depression status. These findings suggest that the
observed relationships extend beyond what can be attributed to depression
alone.

Notably, both inflammatory and synaptic markers in CSF were associated with
passive suicidal ideation, and where the relationship could not be explained by
depression status, highlighting that biologically meaningful alterations may
occur even in the absence of active suicidal thoughts or behaviors. Impaired
cognitive competence in terms of MCI, subjectively perceived cognitive
decline, and deficits in memory and visuospatial abilities were also identified
as significant risk factors. An association between WML volume and serious
suicidal ideation was observed in unadjusted analyses, while other structural
brain measures showed no consistent correlation. This finding may indicate
that biological changes associated with suicidal ideation primarily occur at a
functional or molecular level, rather than being readily detectable through
structural imaging.

A particularly important observation was that passive suicidal ideation, often
considered less critical than active ideation, was associated with measurable
neurobiological alterations. These alterations included changes in markers of
synaptic dysfunction and inflammation, emphasizing that even passive
thoughts may reflect significant underlying biological processes. However, the
relatively small number of participants reporting severe or active suicidal
ideation limits the ability to draw firm conclusions regarding biological
differences between passive and active forms.
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Finally, the thesis demonstrated the value of a multimodal research approach,
combining CSF biomarker analysis, cognitive assessments, and neuroimaging.
This approach allowed for a more integrated understanding of suicidal ideation
in older adults, showing that neurobiological alterations associated with
suicidal ideation are not limited to psychiatric symptoms but also involve
objective physiological changes.
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FUTURE PERSPECTIVES

Across all four studies, the cross-sectional design limits our ability to draw
directional inferences, leaving unresolved whether elevated CSF biomarker
levels represent enduring vulnerabilities (trait markers) or transient, state-
dependent phenomena. To address this, future research should adopt
longitudinal designs with larger, population-based cohorts and repeated
assessments of CSF biomarkers, cognitive function, and their relation to
suicidal behavior. Tracking these measures over time would help clarify how
biomarker trajectories relate to the onset and progression of suicidal behavior.

Expanding the multimodal approach would also be beneficial in future
research. Studies should aim to incorporate advanced techniques for measuring
biomarkers in blood, employ novel neuroimaging methods, and integrate
genetic data within the same cohort across longitudinal settings. Such an
approach could provide a more comprehensive understanding of the biological
underpinnings of suicidal behavior.

Finally, the complex interplay between neurobiological factors and
psychosocial variables (e.g., early childhood adversity, stress exposure, and
psychological endophenotypes) warrants further investigation. Future research
should explore how these factors interact to influence suicidal ideation,
integrating findings from multiple perspectives.
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