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1. INTRODUCTION

1.1. Epidemiology of depressive disorder.

Depressive disorder is one of the most prevalent psychiatric
disorders (1) and contributes to the largest burden of iliness
worldwide, accounting for approximately 12% of all total years
lived with disability (2). The World Health Organization estimates
that second to heart disease, depressive disorder will become the
most important cause of disability adjusted life years worldwide
by the year 2020 (3). Mood disorders are serious conditions in
which patients suffer a higher risk of suicide relative to the gen-
eral population (4). However, despite the introduction of new
treatments, depressive disorder seems to be progressive in na-
ture (5;6).

1.2. The concept of depressive disorder and some current insights
into the neurobiological foundation of depression.

Depressive symptoms may represent a transient mood state
experienced by all normal individuals at some point in their lives
as well as a clinical syndrome which includes abnormalities of
mood, neuro-vegetative functions, cognition and psychomotor
activity. The concept of depression is as old as medicine itself and
to this day, we are still in search of the features which may delin-
eate the pathological state of depression from normal states. The
term melancholia was first used by Hippocrates in ancient Greek,
400 B.C. Melancholy (from Greek: black bile) was described as a
condition associated with despondency, aversion to food, sleep-
lessness, irritability and restlessness. Fear and depression were
perceived as the prolonged means of melancholia and the psy-
chological manifestation of an underlying perturbation of brain
function (7). Aristotle (484-322 B.C.) further introduced the idea
of a predisposition to melancholy and attributed this to an excess
of black bile, and Galen of Pergamon (131-201 A.D.) established
that melancholia is a chronic and recurrent condition (7). The
explicit conception of manic- depressive illness as a single disease
entity dates back to the mid-nineteenth century with the French
psychiatrists Faltret and Baillanger independently and simultane-
ously putting forward the view that depression and mania repre-
sent different manifestations of a single illness (7). The two disor-
ders have some familiarities as the rate of depression is elevated
in relatives of patients suffering from bipolar disorder (8) and the
most popular theory, supported by some, but not all studies,
suggest that the two disorders share some underlying disease
liability with bipolar disorder being associated with the more
severe or deviant form of illness (8). They are, however, not the
same conditions.

Current diagnostic criteria for depression represent a clinical and
historical consensus upon the most significant symptoms which
characterise the depressive disorder. The current clinical concept
of depression is mainly categorical, but also takes into account
the severity of illness. The DSM and ICD distinguish between
categorical subtypes and to some extent also provide a measure
of severity as certain symptoms may be taken to reflect severity
directly (e.g. psychotic features). Subsidiary indicators of severity
employed in daily practise consist of estimates referring to the
course of illness (e.g. episode frequency and duration and the
degree of psychosocial impairment) as well as quantifications of
the number of symptoms as measured by e.g. depression rating
scales. Psychiatric disorders can also be viewed as a continuum in
which individuals can express specific phenotypical traits, but
fluctuate on the extent of the severity of symptoms, just as well
as the classification of the subtypes of depression represents a
definition by consensus upon a behavioural extreme. In this
sense, disorders could also be viewed as the quantitative ex-
tremes of environmental and genetic factors that vary throughout
the spectrum (distribution). Current diagnostic systems thus
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position clinical depression as a single entity that varies dimen-
sionally. The categorical approach is a fundamental necessity for
clinical practise as it provides the indication for treatment inter-
vention, and the dimensional approach may further prove itself
useful in research and clinical practise e.g. into the course of
illness.

The diagnosis of depression is not based on objective tests, but
on a set of symptoms. Thus, contemporary categorization of
depressive syndromes is based mostly on symptomatic differ-
ences and there is currently no coherent evidence as to what
extent the subtypes of depression reflect different underlying
pathological states or exhibit treatment specificity. Given the
heterogeneity of the symptoms observed in depression, it is likely
that the underlying pathophysiology of the disorder and the
mechanism by which antidepressants reduce the load of depres-
sive symptoms, involve numerous brain regions and transmitter
systems. This view is supported by e.g. recent advances in the
field of functional neuroimaging, in which changes in activity in
distinct brain regions in depression have been detected, e.g. (9).
From knowledge of the functions of distinct brain regions in
healthy individuals, some clues to which aspects of depressive
psychopathology and pathophysiology to which they may con-
tribute are provided. Thus e.g. the role of the hippocampus in
depressive disorder has attracted much attention in recent years,
since it may mediate some of the cognitive aspects of depression
such as memory impairment. A growing body of evidence has also
suggested that episodes of depression may be associated with
structural brain changes such as atrophy of the hippocampus (10).
This have been proposed to occur due to pathological over-
secretion of glucocorticoids and concomitant inhibition of neuro-
genesis, see e.g. (11). However, it is unclear whether these
changes precede, e.g. (12), or succeed onset of illness, e.g. (13).
Furthermore, the extent to which such changes are found in other
areas of the brain is unclear. Various brain areas operating in
interacting circuits may mediate the cognitive as well as the emo-
tional and vegetative symptoms of depression, and the neural
circuitries underlying the abnormal states of depression are less
comprehensively understood. In addition to this, depressive
syndromes often occur in the context of numerous medical condi-
tions, such as e.g. vascular disease (14), and the vulnerability to
depression is only partly genetic with additional non-genetic
factor such as stress, trauma and even stochastic processes dur-
ing brain maturation contributing to the causes of depression.
Furthermore, the expression of multiple genes, which may medi-
ate the vulnerability (or resilience) to depression, may be subject
to epigenetic regulation during the course of iliness (see e.g. Eric
R. Kandel for a more comprehensive perspective on epigenetic
regulation, e.g. (15)). Depression is therefore best understood as
the multiplicative of the interactions between genetic predisposi-
tion and environmental factors.

In summary, it is not widely appreciated whether abnormalities
observed in depression constitute developmental abnormalities,
which may confer vulnerability to depression, compensatory
changes to other pathological processes, or the reminiscences /
scars of prior episodes. Further insight into these questions will
partly depend upon studies that delineate the onset of such
abnormalities within the course of iliness and determine whether
they antedate depressive episodes in individuals at high familial
risk of depression and whether these abnormalities are augment-
ed during the course of illness and exist beyond the depressive
state. This study was dedicated to contribute some more insight
into the latter question.

1.3. Towards identification of vulnerability markers for depres-
sion: application of the endophenotype concept in psychiatry.
Because of the inherent heterogeneity of psychiatric disorders,
strategies have been employed in order to reduce the complex
components of behaviour into their component parts, as these
may provide clues to the genes involved in the expression of the
disorders. As briefly touched upon in the previous section, ab-
normal neuroanatomical as well as neurophysiological, biochemi-
cal, endocrinological or neuropsychological findings often accom-
pany psychiatric illness. Although it has been recognized for more
than a century that both genetic and environmental factors con-
fer susceptibility and resilience to disease, the use of this frame-
work for exploring the aetiology of psychiatric disorders is more
recent (16). Gottesman and Gould (2003) formulated the idea of
utilizing an “endophenotype” in order to provide “simpler clues to
the genetic underpinnings than the disease syndrome itself” (16)
and adapted criteria previously provided for identification of
markers in psychiatric genetics (17) to apply to endophenotypes.
The following criteria were put forward: 1) The endophenotype is
associated with illness in the population. 2) The endophenotype is
heritable. 3) The endophenotype is primarily state-independent
(manifests in an individual whether or not illness is active). 4)
Within families, endophenotype and illness co-segregate. Fur-
thermore, an additional criterion was proposed for diseases
which display complex patterns of inheritance (18) 5) The endo-
phenotype found in affected family members is found in non-
affected family members at a higher rate than in the general
population. Thus, the endophenotype represents an intermediate
phenotype between the genotype and the phenotype, but it
should also be emphasized that the putative endophenotypes do
not necessarily reflect genetic effects as these may be environ-
mental, epigenetic, or multifactorial in origin (16). However, the
bottom line is that heritability and stability (state independence)
represent key components of any useful endophenotype (19).
Thus, the most consistent biological markers of major depression
are proposed as biological endophenotypes including various
markers such as REM sleep abnormalities, functional and struc-
tural brain abnormalities, dysfunctions in serotonergic, catechol-
aminergic, hypothalamic-pituitary-adrenocortical axis and Corti-
cotrophin Release Hormon -systems, and intracellular signal
transduction endophenotypes (20).

1.4. Cognitive function in affective disorders.

Cognitive dysfunction is a key component of several major psy-
chiatric disorders including schizophrenia (21;22) and bipolar
disorder (23-27), but the nature and extent of neurocognitive
deficits across psychiatric diagnosis is poorly understood. Hence,
meta-analyses of studies comparing cognitive performance in
patients with schizophrenia and bipolar disorder have suggested
that patients with bipolar disorder generally perform better on
neuropsychological tests than patients with schizophrenia (28)
and some studies seem to suggest that the differences observed
between diagnostic groups are quantitative rather than qualita-
tive in nature (29). It is also possible that deficits in global
measures of cognitive function such as intelligence quotient (1Q)
or general cognitive ability is more pronounced in schizophrenia
compared to bipolar disorder (22). However, despite on-going
discussions concerning the nature and extent of global cognitive
impairment, some research has also suggested that more specific
aspects of cognitive functions (e.g. attention, executive function,
verbal learning and memory) may serve as cognitive endopheno-
types. These might eventually provide useful in genetic studies of
the complex psychiatric disorders.
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As described above, an abundance of studies have investigated
the nature and specificity of cognitive dysfunction in the euthymic
phase of bipolar disorder, however, no consensus in this area
seems to exist at present. Concerning the nature and specificity of
cognitive dysfunction in the remitted state of unipolar depressive
disorder, studies which have assessed these questions are few,
and current findings seem to point in different directions. Some
studies also suggest that cognitive impairment may be a vulnera-
bility factor for bipolar disorder that is present before the onset
of illness (27;30) and worsens as the illness progresses (31-33).
The number of episodes of depression and mania, as well as the
lifetime spent with illness, seems to contribute to the degree of
cognitive dysfunction in bipolar disorder (34-36). Episodes of
illness may also be more closely linked to the degree of global
cognitive impairment than the total duration of illness (34). This
may indicate that episodes of iliness themselves may have a
detrimental effect on cognitive function. Furthermore, manic
episodes seem to be more consistently associated with specific
impairments, whereas depressive episodes may be associated
with a broader range of impairments (33). Some previous studies
have included mixed samples of patients with unipolar and bipo-
lar disorder, but direct comparisons of patient groups suggest
that the disorders should be considered separately (37). Much
less is known about the possible deteriorating effects of unipolar
depression, per se, on cognitive function (see systematic review
later).

1.5. The role of brain-derived neurotrophic factor in unipolar
depressive disorder.

During recent years, research into the pathophysiology and
treatment of depression has directed some of its focus on the
intracellular signalling pathways involved in the neuroplastic
events that regulate the complex psychological and cognitive
processes. A growing body of evidence suggest that impairments
of neuroplasticity and cellular resilience might underlie the path-
ophysiology of depression and that antidepressants and mood
stabilizers exert a significant effect on signalling pathways that
regulate neuroplasticity and cell survival. These findings may in
time provide innovative views on the biological keystones of the
depressive disorders. Among various putative biological markers
for depression, a role of brain derived neurotrophic factor (BDNF)
in the pathophysiology of depression has more recently emerged
on the scene. The role of BDNF is intriguing since it seems to play
an important part in the brain’s allostatic response to stress and
the mechanisms of actions of antidepressants. It is furthermore
likely that it may act as a mediator or moderator of cognitive
dysfunction in depression. BDNF belongs to the neurotrophin
family, which additionally consists of a nerve growth factor, neu-
rotrophin-3 and neurotrophin-4, e.g. (38). The neurotrophin
family has been associated with a variety of psychiatric disorders
(39;40) and neurological and neuroimmunological diseases (41).
Depression may also be associated with a disruption of mecha-
nisms that govern cell survival and neural plasticity in the brain
(42), and preclinical and clinical studies support the view that
reduced expression of BDNF could contribute to the vulnerability
to depression (43-45). However, very few studies have investigat-
ed BDNF levels in patients with unipolar depressive disorder in a
remitted state. Thus, it is uncertain whether peripheral BDNF
levels are abnormally low in unipolar depressive disorder inde-
pendent of the depressive state and whether levels decrease in
the course of illness

2. AlIM AND HYPOTHESES

The endeavour of the present project was to provide further
insight into some of the factors which may mediate the vulnera-
bility for and the long term consequences of depression. The aims
of this thesis are to investigate 1) whether cognitive function and
levels of brain-derived neurotrophic factor (BDNF) are decreased
in the remitted state of unipolar depressive disorder, 2) whether
cognitive function are impaired within specific areas, 3) the asso-
ciation between cognitive function / BDNF and prior course of
iliness. BDNF was chosen due to its putative role as an endophe-
notype for depression (see section 1.4).

The present thesis includes a systematic review of the literature
on cognitive function in the remitted state of unipolar depression
as well as a description of a clinical study and its results.

We also wished to investigate whether the HPA-axis awakening
response, as measured by salivary cortisol concentrations, is
reduced in patients; however, the data obtained was insufficient
to assess this hypothesis. Furthermore, a subsample of the pa-
tients and healthy control individuals received Positron Emission
Tomography (PET) and Magnetic Resonance Imaging (MR) scans,
but the results of this part of the study will be reported else-
where.

Hypotheses tested:

1. Cognitive function is impaired in patients in the remitted
state of unipolar depressive disorder compared to healthy
control individuals (based on results from the current as well
as previous studies).

2. Cognitive impairment is associated with the progression of
iliness. More specifically, the hypothesis tested is that the
cumulative number, cumulative duration and cumulative
number and durations of subtypes of prior episodes, respec-
tively, is associated with a decrease in global cognitive func-
tion, in which increasing number, durations and more severe
manifestations of episodes (according to subtype) predict a
greater decrease in global cognitive function.

3. Individuals with unipolar depressive disorder may exhibit
more profound impairments in some cognitive domains than
others, in the remitted state.

4. Brain-derived neurotrophic factor is reduced in patients in
the remitted state of unipolar disorder compared to healthy
control individuals and decreases in the course of illness.

3. METHODOLOGY

3.1. Method used in the systematic review.

Studies on cognitive function in the remitted state of unipolar
depression were identified by a systematic search of on-line
databases and by hand search of original papers published be-
tween 1980- November 2009. The study selection process is
thoroughly described in the paper (section 2.4 and 4.2.).

3.2. Design of the clinical study.

The design of the clinical study is cross-sectional, including cases
and controls, and with retrospective assessment of clinical factors
related to the course of illness including information from case
notes. Furthermore the study aimed to combine epidemiological,
clinical and biological approaches.

3.3. Ethics, approvals, registrations and data management.
Information on the study was presented to the potential partici-
pant both orally and in written form according to the latest ver-
sion of the Declaration of Helsinki and the participant was invited
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to bring a relative or friend. It was specified that participation was
voluntary and furthermore it was made clear that the participant
could withdraw the given consent at any time without conse-
quence for future treatment. Participants received a copy of their
rights and signed a written informed consent. The participants
were offered to be compensated for loss of income and for any
travel expenses.

All the personal data of each participant was kept in a Case Rec-
ord File which fulfilled the medical doctors” obligation to keep
patient records. Participants were not registered in The Danish
Psychiatric Central Research Register or in any local hospital
registers.

The Local Ethics Committee (H-KF-2007-0028) data protection
agency (J.nr. 2007-41-0146) and the Danish National Board of
Health (J.nr. 7-505-29-564/1) endorsed the study.

3.4. Conduction of the study.

The study was conducted from November 2007 - November 2010
at the Psychiatric Centre Copenhagen, Rigshospitalet, Copenha-
gen University Hospital, Denmark (protocol, planning of logistics,
provision of additional funding resources, pilot study, recruitment
and clinical interviews, acquirement of case-notes from hospital
admissions and private practitioners, laboratory analyses of bi-
omarkers and data registration). All the participants were recruit-
ed and assessed, and all the biological samples were obtained by
the author of the thesis.

3.5. Identification and inclusion of the participants.

3.5.1. The registers.

All inhabitants in Denmark have a unique individual identification
number, which is registered in the Civil Person Register (CPR). All
psychiatric admissions are registered in the nationwide Danish
Psychiatric Central Register (DPR) (46), including data on ICD-10
diagnoses (47). The DPD contains information about date of ad-
mission and discharge, main and auxiliary diagnoses as well as
personal information such as name and address etc. The diagno-
ses provided by the DPR are made by clinicians. To improve the
diagnostic reliability among clinicians, Danish specialists in psy-
chiatry have completed courses in ICD-10. The ICD-10 has been
used in Denmark since January 1, 1994.

3.5.2. Selection criteria.

Patients were identified via the registers as individuals who at the
time of the interview were between forty and eighty years of age,
and who formerly had received a diagnosis of depressive disorder
(minimum moderate according to ICD-10 diagnostic criteria) at
their first discharge from a psychiatric hospital in the region of
Zealand, in the period between 1994 and 2002. The healthy con-
trol individuals were identified via the CPR as persons living in
Zealand with access to the same kind of treatment facilities as the
patient group. The healthy control individuals were matched by
age and gender with the patients.

3.5.3. Exclusion criteria.

The exclusion criteria were: 1) A score of = 8 on the HDRS and / or
evidence of a depressive episode occurring less than 8 weeks
before the interview (according to the recommended guidelines
(48)). 2) Bipolar disorder and schizophrenia spectrum disorder. 3)
Diagnosis of dementia before the onset of the first depressive
episode or an auxiliary diagnosis of dementia at first admission
for depression. 4) Low pre-morbid IQ with a score <12 on the 50-
item Danish Adult Reading Test (DART). 5) Significant general

medical illness or history of medical iliness likely to have an effect
on cognitive performance (e.g. untreated thyroid disease, epilep-
sy, stroke and significant head trauma) or medication with a
potential adverse effect on cognition (e.g. corticosteroids. How-
ever, sedatives in low dosage levels and anti-depressants, anti-
psychotics and mood stabilizers were allowed). 6) History of
alcohol or substance abuse. 7) Treatment with electro-convulsive
therapy (ECT) within the last 6 months. 8) Psychiatric admission
within the last 3 months. 9) Other ethnic origin than Northern or
Central European.

3.6. Procedures and assessments.

3.6.1. Screening procedure and non-participant assessment.

All the identified individuals, still alive and still living in Denmark
were sent information about the study which included a form to
be filled out in case the individual wished to participate and a
stamped envelope in which the formula could be returned. In
case of no response, the information was mailed one final time.
All individuals who wished to participate were contacted per
telephone and a screening interview was performed to assess
whether the individual met the requirement for entry. Individuals
were informed that the interview contained questions on sensi-
tive information and that it was recommended that the individual
was in private surroundings. If this was not the case, an appoint-
ment was made for a telephone interview at a later date. Of the
non-responders, a proportion of the sample was contacted and
asked to participate in a telephone interview about the total
number of depressive episodes previously experienced and about
cognitive complaints. Assessment of the latter was performed
using the Global Deterioration Scale (GDS) (49) (described in
section 3.6.4 ). Again, the same information was given prior to an
eventual interview.

3.6.2. Clinical assessment and execution of the interview.

The participants were assessed clinically with interviews starting
at 9.00 -12.00 PM, including short breaks if necessary. The partic-
ipants were assessed with the World Health Organization (WHO)
Schedules of Clinical Assessment in Neuropsychiatry (SCAN) (50)
interview and the 17-item Hamilton Rating Scale for Depression
(HDRS) (51), besides a number of questionnaires (the clinical
assessment and instruments used are described in detail in sec-
tion 3.6.4 and 3.7). In case of uncertainty about the eligibility of
an individual for inclusion into the study (primary psychiatric
diagnosis or other clinically relevant issues) consensus was ob-
tained between two investigators (the author and LVK). Blood
samples and measurement of blood pressure etc. was performed
at the end of the interview, and the participants received a small
gift in appreciation of their contribution. Subsequently, the partic-
ipants had a one- hour lunch break in which lunch and drinks
were provided. Neuropsychological assessment was performed
from 13.00-15.00 AM including short breaks.

3.6.3. Primary outcome: Global cognitive function.

A measure of global cognitive function was obtained by the Cam-
bridge Cognitive Examination (CAMCOG) (52). The CAMCOG is the
cognitive part of The Cambridge Examination for Mental Disor-
ders of the Elderly (CAMDEX) (53), which evaluates a broad range
of cognitive functions. The CAMCOG can either provide a single
composite score of overall cognitive performance or it can be
broken down into sub-scores. It has been shown that a measure
of a common dimension of global cognitive impairment can be
obtained by summing errors made in the different cognitive do-
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mains, see e.g. (54). Because the various items of the CAMCOG
assess cognitive functions at varying grades of difficulty, one of its
major advantages is the ability to detect mild forms of cognitive
dysfunction. It has been thoroughly validated in Danish popula-
tion samples (55-57). The CAMCOG takes approximately half an
hour to administer, and absence of ceiling effects in test perfor-
mance has been reported (58).

3.6.4. Secondary outcome: Specific cognitive functions.
Descriptions of most of the neuropsychological tests used in the
neuropsychological test-battery are available in “A compendium
of neuropsychological tests” (59), and modifications are noted
below. In the present study, grouping of tests which were thought
to reflect similar processes were chosen. However, we are aware
that performance on most tests is influenced by more than one
cognitive process and that there is inconsistency regarding the
categorization of tests. Cognitive functions were assessed within
the following four major cognitive domains:

1. Attention (and processing speed) included four measures from
two separate tests; Trail Making A & B (Trail A, Trail B, Trail B-A)
and the Symbol Digit Modalities Test (SDMT). Trail A requires the
participant to draw lines sequentially connecting 25 encircled
numbers distributed on a sheet of paper. Task requirements are
similar for Trail B, except for the fact that the person must alter-
nate between numbers and letters. The score on each part repre-
sents the amount of time required to complete the task. The
difference score between Trails A and B, Trail B-A controls for the
general speed of processing and may therefore be a more pure
measure of cognitive control. Symbol Digit Modalities Test
(SDMT), which requires the subject to write numbers correspond-
ing to each of nine symbols indicated in a coding key in 90 sec-
onds.

2. Memory (verbal and non-verbal learning and memory) included
four measures from three separate tests; Rey Auditory Verbal
Learning Test (RAVLT, Category Cued Recall (CCR) and Rey-
Osterrieth complex figure (ROCF). RAVLT requires the subject to
recall of a list of 15 words. We included the total number of
words recalled in trials 1-5 (RAVLT-f) and delayed recall after 30
minutes (RAVLT-d). Category Cued Recall (CCR) is easier because
it involves learning words organized in semantic categories, and
recall is assisted by these categories. Our version was modified
from the original (60) to involve 48 objects in 12 categories, dis-
played as line drawings. We used both the immediate recall score
and a delayed recall score. The Rey-Osterrieth complex figure
(ROCF) is a test of visuo-spatial constructional ability and visual
memory. We included the three minute delayed recall score.

3. Verbal function included four tests. Familiar Faces (61) requires
naming of 28 generally well-known faces; Boston Naming Test
with 60 objects in line drawings; and two verbal fluency tests,
phonological fluency (words starting with s) and semantic fluency
(animals), each with number of words generated in 60 seconds.
4. Executive function included four measures from three tests;
Stroop Test, Wisconsin Card Sorting Test (WCST) and Letter-
Number Sequencing (LNS). A version of the Stroop Test which has
previously been used in depression (62) was used. We included
the time to complete the incongruent part and the time to com-
plete the incongruent past minus the time to complete the con-
gruent part as a measure of the interference effect. The scores
represent the time to complete the task. Letter-Number Sequenc-
ing (LNS) is a working memory test also included in the WAIS-III.
The subject is read a combination of numbers and letters and is
asked to reproduce the numbers first in ascending order and then
the letters in alphabetic order. Finally, from the modified Wiscon-

sin Card Sorting Test (WCST) (63) we used a score based on total
errors.

3.6.5. Secondary outcome: Brain-derived neurotrophic factor
(BDNF).

We chose to obtain samples from whole blood since it has been
shown that samples can safely be stored at -30°C for at least 5
years and that the concentrations do not significantly decrease
during this time-span (64). Whole blood samples were drawn at
12 PM in ethylene-diamin-tetra-acetat containing tubes, which
were immediately frozen and stored at -80°C. The samples were
processed with a commercially available sandwich enzyme-linked
immunosorbent assay (ELISA) measuring BDNF protein
(ChemiKine™ BDNF Sandwich ELISA kit, Chemicon International,
CYT306, Millipore, Billerica, MA, USA). Processing was performed
on all samples within one week by a laboratory technician, who
was blinded to the diagnoses. In preparation for the ELISA, the
whole blood samples were thawed and kept on ice while lysed
1:15x10-3 with 3% Triton X-100 (Sigma®) and sonicated (Ultra
Turrax IKA T25). Cell debris was separated by centrifugation at
20.800 g for 10 minutes at 4°C and the supernatants collected
and stored at -80°C until further examination. Incubation and
washing were conducted according to manufacturer’s instructions
with wells and reagents from the kit. All samples and standards
were prepared in duplicate. On the day of processing, the sample
supernatant aliquots were thawed, kept on ice and diluted 1:200
with Sample Diluent. For the standard curve a serial dilution of
recombinant human BDNF protein standard was performed with
Standard Diluent (0-500 pg/ml). Standards and samples were
added to wells pre-coated with rabbit anti-human BDNF polyclo-
nal antibody, which were sealed and incubated overnight on a
shaker at 4°C. The following day the wells were drained and
washed 4 times by pipetting Wash Buffer forcefully into the wells,
flicking the plates vigorously and blotting them on absorbent
paper. Each well was then incubated for 2.5 hours with biotinyl-
ated mouse anti-human BDNF monoclonal antibody, followed by
1 hour incubation with streptavidin horseradish conjugate solu-
tion, and lastly by 15 min incubation with TMB/E solution. Each
incubation step was performed with plates sealed, at room tem-
perature and on a shaker. All incubation steps were separated by
4 times washing with Wash Buffer as described above. Immedi-
ately after terminating the reaction with Stop solution, the optical
density of the wells was analysed in a Bio-Rad MicroPlate Reader
at 450 nm (ref 595 nm). A standard curve was generated from the
serial BDNF standard dilutions, and BDNF protein concentrations
in the samples were extrapolated directly from the standard
curve. The inter-assay variation was 5.4% and intra-assay varia-
tion was 4.2%.

3.6.6. Description of the additional instruments used in assess-
ments.

The SCAN (50) (http://gdp.ggz.edu/scandocs/) is a semi-
structured interview and provides a set of instruments and man-
uals aimed at assessing, measuring and classifying psychopathol-
ogy and behaviour associated with the major psychiatric disorders
in adult life. It can be used for clinical, research and training pur-
poses and was developed within the framework of The World
Health Organization. SCAN has a bottom-up approach where no
diagnosis-driven frames are applied in grouping the symptoms.
Each symptom is assessed in its own right. It has a proven stability
and robustness to differentially assess psychotic and neurotic
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states. We used the computerized version which provides a diag-
nosis based on an algorithm.

The Global Deterioration Scale (GDS) (49) was used to compare
cognitive function between participants and non-participants. The
GDS, in addition to observer based measures on cognition, pro-
vides information on daily- life function and emotion. GDS rating
of the included participants was performed at the end of the
clinical interview and in non-participants who met the require-
ments for entry, but did not wish to be enrolled.

Proxy estimates of the premorbid cognitive capacity of the partic-
ipants were obtained by an estimate of education level, as meas-
ured on a 17-point scale (years of school and further education)
and by the DART. The Danish Adult Reading Test (DART) was used
to provide an estimate of premorbid IQ of the participants. It is
the Danish version of the National Adult Reading Test (NART)
(65;66) and it tests the correct pronunciation of a list of 50 irregu-
lar words. Education was evaluated as the number of school years
in the interval 7-17 years: primary school (up to 10 years), adding
upper secondary level (maximum 12 years), and adding a univer-
sity degree (maximum 17 years in all).

The 17-item Hamilton Rating Scale for Depression (HDRS)(51). The
HDRS is a semi-structured interview covering emotional as well as
vegetative symptoms (including mood, sleep, appetite etc.) expe-
rienced within the last week. Scores range from 0-52, with a
higher score indicating more severe depressive symptoms. The
HDRS has been thoroughly validated (67). It was used as a meas-
ure of the severity of depressive symptoms and a cut-off score on
the scale was used as an exclusion criterion. The use of a clinical
rating scale was considered superior to self-reported rating scales
as it is emphasized that evaluation of possible signs of psycho-
pathology can only be done clinically.

3.7. Supplementary notes on the methods used.

3.7.1. Matching.

The healthy control individuals were matched with the patients
by use of the registers. Thus, following the successive final inclu-
sions of patients into the study, statistics on the current age and
gender distribution of the groups were continuously performed,
and information about the study was sent to a number of individ-
uals selected from the CPR. More specifically the healthy control
individuals were selected from the register according to the gen-
der and age distribution of the included sample at the present
time, and the number of individuals selected was further defined
by the current participation rate.

3.7.2. Assessment of euthymia and the number, duration and
subtypes of episodes.

As this project was dedicated to investigate the possible existence
of abnormalities in cognitive and biological markers beyond the
depressive state, a particular emphasis was placed on securing
that the participants were in a sustained state of clinical remis-
sion. Therefore the recommendations put forward by Frank et al.
(48) were adopted using the severity criterion of < 8 on the HDRS
along with a duration criterion of >8 weeks asymptomatic (which
implies a more sustained remission). The SCAN (50) was also used
to further exclude the presence of clinical depression within the
last eight weeks and to assess whether other significant symp-
toms of psychopathology were present. Furthermore, from the
recognition that depressive episodes are not only characterised
by a number of symptoms, but also by the extent to which the
condition interferes with psychosocial function, these factors
were taken into account when establishing the timing of the

initiation and subsequent recovery from depressive episodes.
Additionally, initiation or augmentation of antidepressant treat-
ment was used a subsidiary indicator and the diagnosis were
further validated by information obtained from case-files and the
registers. The Life-Chart Method (68) was used to further anchor
the change points in the course of illness.

3.7.3. Assessment of treatment intervention.

Information on dosage levels were extracted from case files from
hospital admissions and out-patients hospital contacts as well as
from private practitioners and from the information provided
from the participants. Equivalent dosage levels of treatment with
antidepressants, anti-psychotics and mood stabilizers received
throughout life and current treatment with these psychotropic
medications, including sedatives, were calculated using the de-
fined daily-dose system (DDD) as recommended by the WHO for
international drug utilization studies. This method has previously
been used e.g. (34;69). Dosage levels of psychotropic medication
and the time periods in which they were used by the patients
were entered into an excel work sheet and subsequently cumu-
lated dosage levels were calculated (Table 3).

Table 3:

Table 3 Past and present treatment intervention in participants with unipolar

depressive disorder

Treatment interyention Present treatment. Lifetime treatment

N (%) Mean (D)
Psychotropic medication (any kind) 530{62.5%) 36236 (322077
Side-cffects 12{13.6%%) -
Selective Serotonin Reuptake Inhibitors (SSRI) 18 {20.5%) 16051 (2674.7)
T'ri- and tetra cyclic antidepressants (TCA) 13(14.8%) 654.9(1375.4)
Dual action antidepressants 16(18.2%) 105459 (1970.8)
Other antidepressants 3((3.4%) 54.5(266.1)
Lithium Q010.2%) 127.5(454.1)
Anti-epileptic mood stabilizers 6 (6.8%)

First generation anti-psychotics 1]

Second generation anti-psychotics

Sedatives

42(75)

Electro-convulsive therapy (E( Ty

' b= Cunmulative DD (defined daily dosages), N=¥2. “Cy
antipsychotic agents.

fve DDA of &ll anti oo0xd

3.7.4. Assessment of health status.

The registers were used to screen for previous hospital admis-
sions for medical conditions and a brief interview about current
and previous medical conditions was conducted. Participants with
current complaints received a brief medical examination. In addi-
tion to this, routine blood measures as well as measurement of
blood pressure height, abdominal circumference etc. were ob-
tained.

3.8. Blinding.

The primary investigator was blinded to the CAMCOG score and
the neuropsychological test scores of the participants when the
information on the psychiatric history and treatment was ob-
tained, and the investigators performing the neuropsychological
tests were blinded to the status of the participant (patient /
healthy control individual). Rating with the Global Deterioration
scale was performed at the end of the clinical interview.

3.9. Sample size estimation.

The power and sample size calculations were guided by a previ-
ous study on the difference in cognitive function measured with
the CAMCOG between patients with depressive disorder in the
remitted state and healthy control individuals (34). At the time of
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the study no previous study had assesses the association between
the duration or severity of episodes. Based on the study by

Kessing (1998), we anticipated finding a mean difference in
CAMCOG score of 8 points (SD: 17) between patients with de-
pressive disorder and healthy control individuals. Using a two-
sided risk of type 1 error, a, of 0.05; a type 2 error risk, B, of 10%;
(power of 90%) and equal group size, the sample size (N) for was
calculated to N = 180 (90 patients and 90 healthy controls;
www.stat.uiowa.edu/~rlenth/Power/index.html. Due to a limited
number of patients with unipolar depressive disorder and healthy
control individuals who lived up to the stringent selection criteria
and wished to participate, this number of participants was not
possible to include in the final analyses.

By taking into account the duration and subtypes of depressive
episodes, sensitivity was increased (e.g. a patient with one de-
pressive episode lasting for a total of eight months would have
experienced a greater load of depression than a patient with two
episodes lasting for a total of four months). We also used exten-
sive exclusion criteria thereby deselecting individuals who might
express cognitive impairments on the basis of trauma or other
conditions affecting the CNS (an exception to these criteria was a
diagnosis of dementia occurring after the onset of depressive
illness as dementia may be an end stage in the course of illness of
depressive disorder; see e.g. (70;71)). In this way the effects of
shared variance which could have led to underestimation of
group differences in statistical analyses were minimized.

In respect to the sample size needed to detect differences in
BDNF levels between patients and healthy control individuals etc.,
data were not available when the study was planned, since at
that time no previous study had investigated this association.

3.10. Statistical methods.

All the statistical analyses were performed by the author under
the supervision of the primary supervisor (LVK). All statistical
analyses were performed with SPSS version 15.0 and the different
statistical techniques used are described in the individual papers.

4. RESULTS.

4.1. Overview.

The results section is divided into two parts: The first part (section
4.2) describes the findings from a systematic review including
studies previously conducted within the area. The second part
describes the findings of the clinical study, the selection proce-
dure and results of the participant versus non-participant anal-
yses (section 5.3), the characteristics of the included participants
(section 5.4) and finally the results of the clinical study are pre-
sented in section 5.5, section 5.6 and in section 5.7.

4.2. Cognitive impairment in the remitted state of unipolar de-
pressive disorder: A systematic review (Paper I).

A total of 11 studies were included in the review, including a total
of 500 patients who, according to the selection criteria, were
defined as remitted from episodes of unipolar depression, and
471 healthy control individuals. In nine of the eleven studies it
was found that performance on neuropsychological tests in do-
mains of attention, memory and executive function or in tests
providing an estimate on global cognitive function was decreased
in patients compared to the healthy control individuals, in at least
one of the tests used. Due to the diversity across studies accord-
ing to the neuropsychological test used, as well as due to the
heterogeneity in the clinical spectrum of the patients included, it
was not found meaningful to do a meta-analysis in order to be

able to further assess, as to what extent the observed impair-
ments could be signs of multiple independent impairments or
domain specific cognitive impairments.

In the paper we conclude that methodological drawbacks in stud-
ies within this area of research have been prevalent, resulting in
limitations in the interpretability of previous findings. It was
found that the most prevalent shortcoming seems to be the
failure to employ a priori operational criteria, in accordance with
recommended guidelines and on the basis of standardised clinical
rating scales employing a cut-off criterion as well as a duration
criterion in order to evaluate whether patients were truly in a
remitted state. This resulted in an inability to validate the clinical
status of the patients in a number of studies. Furthermore, some
studies failed to take into account important factors which may
have an impact on cognitive function, such as age, premorbid
cognitive capacity and subclinical depressive symptomatology and
to include these factors in the statistical analyses performed. In
addition to this, many studies did not provide information on the
selection procedure, participation rate and blinding or provided
comparative analyses of participants and non-participants, there-
by limiting the ability to assess whether selection bias and ob-
server bias may have occurred.

In summary, we conclude that cognitive dysfunction seems to be
present in the remitted state of unipolar depressive disorder but
that from the findings it was not possible to conclude as to what
extent the observed impairments could be signs of multiple inde-
pendent impairments or domain specific cognitive impairments.
Furthermore, very few studies investigated the association be-
tween cognition and course of illness, such as e.g. the number of
prior episodes and results were divergent. Thus, it was concluded
that the association between course of illness and current cogni-
tive function in the remitted state of unipolar depressive disorder
is unclear. It was recommended that future studies should focus
on disentangling the state and trait characteristics of cognitive
dysfunction in unipolar depressive disorder and seek to further
clarify the associations with clinical phenotype, course of iliness
and subsyndromal psychopathology.

Since the conduct of the study, further studies which meet the
inclusion criteria employed in the review have been published.
Further comments on the findings of these studies can be found
in Paper Il and Ill and in the following discussion (section 5)

4.3, Selection and inclusion of the participants and the results of
the participant versus non-participant analyses.

From the registers, a total of 627 patients and 263 control indi-
viduals were identified, and an invitation to participate in the
study was mailed to these individuals. A flow chart is presented in
Figure 1 (page 8). Subsequently, 171 patients and 41 control
individuals were excluded from the study by clinical interview or
telephone interview, resulting in the inclusion of a total of 88
patients and 50 healthy control individuals. Seventy participants,
who were eligible for inclusion, but who did not wish to partici-
pate in the clinical interview, agreed to participate in a telephone
interview (40 patients, 30 healthy control individuals). Thus, we
were able to include data from clinical interviews and telephone
interviews in 48 % of the patient population and 54 % of control
population identified via the registers.
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Figure 1 Flow chart

Individuals sampled from
the Danish psychiatric
register: Patients N=727

Individuals sampled from

the Danish register
Controls N=263

i

Patients excluded
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in the registry (M=100)
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(M=53), migration or
data protection (N=33)

!

Patients excluded by
telephone interview or
climcal interview
N=171) Currently
depressed, (N=29),

schizophrenia spectrum
disorder (N=2), not

ECT within the last 3
alcohol or substance

significant medical
tllness or

Healthy comrol
ndividuals excluded by
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clinical interview (N=41)
History of alcchol or
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bave had a long-term
effect on cognitive
function or present
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medical illness likely to
have an effect on
cognitive performance
(N-65), unable to
complete the interview /
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<12 (N-3)

Patients N= 456

Potential Potertial
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bipalar disorder (N=26),

-—

affective disorder (N=d4).

menths (N=1) history of

abuse (N=346), history of

tllness or events likely to Patential Patential
participants after participants after
exclusion by exclusion by
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MNon-participant
telephone interview: 41
Patients N= 41

y

history of signifi
medical illness or
newralogical illness or
events likely to have had
a long-term effect on
cognitive function or
present significant
general medical illness
likely to have an effect on
cognitive performance
N=13), histary of
depresaion not requiring
hospital admission
(4-17), DART <12
(M=2), unable to
complete the interview /
disability (N-2)

Final inclusion:
Paticnis N- 88
Participation
rate=19.3%

Final inclusion:
Controls N=50
Participation
rate=12.3%

Non-participant
lelephone interview: 30
Cantrals N= 30

Comparisons were made between participants and non-
participants on a number of variables extracted from the regis-
ters. As can be seen from Table 1, the participants did not differ in
gender, number of previous hospital admissions, age at first
admission or on the subtype of the depressive episode at first
admission (divided into moderate and severe) from the non-
participants. Furthermore, comparisons were made between the
participants and the non-participants on the GDS-scores and on
the number of previous depressive episodes (according to infor-
mation obtained from the telephone interviews), and no signifi-
cant differences were found.

Table 1:

Table 1 Characteri

nts versus non-particips

Begkaria (adunts) (n=88) (n-;;;m e !

| Gender, females, N (%) 60 (68) 42 (66) 7

: Age ot first hospital admission, mean (S0} 496 (10.4) S03(11.7) 0.6
Number of previows hospital admissions, mean (5D 4{4) 56} 2
Subtype of the episode ot the first hospital admission; moderate, ¥ (%) 42 (48) 184 (50) F
Severity of the cpisode at the first hospital sdmission; severe, N (%) 46 (52) 184 (30) 7

| Interview data (patients and controls)
Number of depressive episodes according to the interview; mean (SI) 2.1 (1.3)° 17117 06
(GDE-score (paticnts), mean (S00) 20013 1.6 (0.8 el |

| GDS-score (contrals), mean (SD) 110037 1.1 (0.4)° 4

| =gt ) Nmso =30,

4.4, Socio-demographic characteristics of the included partici-
pants and clinical characteristics and past and present treatment

intervention in the patient group.

The socio-demographic and clinical characteristics of the patient
and control group in the total sample are presented in Table 2.
The groups were well-matched on age and gender.

Table 2

Table 2.1 Socio-demographic characteristics of patients with unipolar depressive

disorder and healthy control individuals.

Patients (N=88) (Controls N=5()
N(%) /mean(SD) N (%) / mean (SD)
Age 598 (0.2) 50,7 (8.0)
Gender (females) G0 (58%) 35 (Nrs)
HDR S-scores™ 2324 L7 (L7}
DART* 286 (8.2 321019
Education {on a 17 point scale)™ 127 (2.5* 14(23)
Family history of unipolar disorder in 1% degree relatives® 57 (65%)* 9(18%)
Family history of bipolar disorder in 1% degree relatives® 5 (6%) [}
Occupational status: employed or student 45(51%) 34 (6R%)
Marital status: married or in a relationship® S4(61%)* 41 (82%)
Body mass index* 272044y 25.80(4.6)
Smoking 24(24%) 8 (16%)
46 (34%0)* 36 (72%)

Regular physical exercise®

dliffe by 105).
Table 2.2 C

sive disorder
Mean (SD) / range

Cumulative duration of episodes (months) (N-84)
Mumber of cpisodes (N=84)

Mumber of episodk
Age at onset (N=88)
Time elapsed since remission from the ladt depressive
episode was achieved (years), (N=88)

9.3 (6.2) (2-31)
21013, (1-6)

1.5 (0.9), (1-6)
479(11.7),(21-72)
6.4(3.3), (0.4-14)

3 hospital ad (N=84)

Duration of illness (vears), (N=88) 11.9(6.5), (6-41)

Mean age was 59.8 (SD 9.2) years in patients and 59.7 (SD 8.0)
years in controls and 68% of the patients and 70% of the controls
were females. The HDRS-scores among the patients were low
(mean 2.8, SD 2.4) although higher than scores among control
individuals (mean 1.7, SD 1.7).

The age at onset among the patients was on average 47.9 years
(SD 11.7, range 21-72 years) and the duration of iliness (years
since the first episode of depression) was on average 11.7 years
(SD 6.5, range 6-41 years). The time elapsed since the patients
had experienced the last depressive episode was on average 6.4
years (SD 3.3, range 0.4-14 years) and only five had experienced
an episode within the last year. On average, the patients had
experienced 2.1 episodes of depression (SD 1.3, range 1-6 epi-
sodes) with an average cumulated duration of 9.4 months (SD 6.2,
range 2-31 months), of which on average 1.5 of the episodes
required admission to a psychiatric hospital (SD, 0.9, range 1-6
episodes). Statistically significant differences between the groups
were present in years of education /17-point scale), premorbid IQ
(DART), subclinical depressive symptoms (HDRS), Body Mass
Index (BMI), habits of performing regular physical exercise, mari-
tal status, and family history of unipolar disorder (only first de-
gree relatives accounted for), (all p<.05).

As can be seen from Table 3 (page 6), 62.5% of the patients were
currently receiving treatment with psychotropic medication -
most commonly Selective Serotonin Reuptake Inhibitors (SSRI).
Among the healthy control individuals no one were presently in
treatment with, or had previously received treatment with anti-
depressants, mood-stabilizers or antipsychotic agents. The table
furthermore provides information on the cumulative defined
daily dosages (DDD) of psychotropic medication that the patients
had received through the course of illness (excluding sedatives
which it was not possible to secure reliable estimates on), as well
as past treatment with Electro Convulsive Therapy (ECT).

4.5. The association between previous episodes of depression and
cognitive dysfunction in the remitted state of unipolar depressive
disorder (Paper Il).

Global cognitive function as measured with CAMCOG was lower
in patients (mean score 96.1, SD 4.5) than in control individuals
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(mean score 98.4, SD 2.9, z=-3.32, p=0.001). The difference in
cognition remained statistically significant in a linear regression
model with backward elimination of variables in which age, gen-
der, DART and education were included in the initial model (B=-
1.4,95% C.l. (-2.6,-.16), p=.03). When HDRS scores were intro-
duced in the model, the p-value was only at a borderline level of
significance (p=.09). In further analyses, estimates on the clinical
variables in 84 out of the 88 patients were included, since in four
cases we were not able to obtain reliable information from the
clinical interview or from the case-notes on the number or dura-
tions of prior episodes. Subsequently, each predictor variable was
analysed separately in similar multiple regression models. The
cumulative duration of depressive episodes was associated with a
-.14 decrease in CAMCOG score per month (=-1.7 per year) de-
pressed (B=-.14, 95% C.I. (-.26,-.02), R2adj= .31, p=.02). In a simi-
lar model including the total number of episodes instead of the
cumulative duration, the total number of episodes was not signif-
icant and was not included in the final model. Further analyses
revealed that the decrease in performance on the CAMCOG
seemed primarily to be mediated by psychotic episodes in the
course of illness; the cumulative duration of psychotic episodes
was associated with a -.18 decrease in CAMCOG score per month
(= 2.2 per year) depressed (B=-.18, 95% C.I. (-.3,-.04), R2 adj. =
.33, p=.01), and the total number of psychotic episodes was
associated with a -1.4 decrease in CAMCOG score per psychotic
episode (B=-1.4, 95% C.I. (-2.3,-.4), R2 adj. = .35, p=.006). Addi-
tionally, we performed repeated analyses wherein the DART was
omitted. In these analyses, the previously mentioned associations
were confirmed, and in addition to this, the number of episodes
requiring hospital admission was associated with a decrease in
CAMCOG score; (B=-.9 95% C.I. (-1.7,-.1), R2 adj. = .22, p=.03),
(p=.09, with adjustment for DART). Furthermore, no statistically
significant associations (Spearman bivariate) were present be-
tween the duration of euthymia (years remitted) (p=.1), age at
onset (p=.12) or the duration of iliness (p=.2) and performance on
the CAMCOG. Statistically significant correlations were found
between CAMCOG scores and age (rho=-.19, p=.025), education
(rho=.41, p<.001), and DART (rho=.52, p<.001) and between
CAMCOG scores and HDRS scores in the patient group (rho=-.23,
p=.03), but not in the control group (p=1). An association be-
tween the cumulative duration of depressive episodes and DART
score was present at a borderline level of significance (rho=.20,
p=.07).

4.6. Cognitive deficits in the remitted state of unipolar depressive
disorder (Paper Ill).

As can be seen from Table 4, in multiple regression analyses with
inclusion of diagnostic group (patient versus healthy control) age,
gender, HDRS scores, education and premorbid 1Q (DART scores)
and with backward elimination of variables, performance was
significantly lower in the patient compared to the healthy control
group on tests within the domains of attention and visuo-motor
speed (Trail-A, Trail-B, Trail B-A and SDMT), and in one of the
tests within the domain of executive function (Stroop incongru-
ent) at a Bonferroni corrected significance level of p<.0125. For all
other neuropsychological tests, the variable of interest (diagnos-
tic group, patient versus healthy control) was not included in the
final model or did not reach the defined level of significance of
p=.0125 in the final model, i.e. there was no statistically signifi-
cant difference between patients and control individuals. Never-
theless, as can be seen from Table 4, there was a trend towards
the patient group performing worse than the healthy control
group in all the tests.

4.7. Decreased levels of brain derived neurotrophic factor in the
remitted state of unipolar depressive disorder (Paper IV).

Mean whole blood BDNF protein concentrations were lower in
the patient group (mean 36.8ng/mL, SD 10.8) compared to the
healthy control group (mean 43.6 ng/mL, SD 12.7) and a Mann-
Whitney U test showed a significant difference between the
groups (U=1447, Z=-3.1, p=.002). In a multiple regression model
including the covariates age, gender, BMI, education, smoking,
physical exercise and HDRS-score, and with backward elimination
of variables a diagnosis of unipolar disorder (B=-7.4, 95% C.I. (-
11.2,-3.7), p<.001) and age (B=-.2, 95% C.I. (-.4,-.03, p=.02) was
negatively associated with BNDF protein levels whereas females
exhibited higher levels of BDNF gender (B=7.4, 95% C.I. (3.5,
11.2), p<.001). In further analysis, the interaction term, gender x
group was applied to a linear model. The interaction term was not
significantly associated with BDNF levels (p=.3), indicating that
the diagnosis of unipolar disorder was associated with reduced
levels of BDNF, independently of gender. In a similar regression
model, no statistically significant associations were found be-
tween BDNF levels and the total number of episodes or the cumul
ative duration of episodes or the total number or cumulative
durations of subtypes of episodes (moderate, severe and severe

Table 4

Table 4 Results of the neuropsychological tests in the patient group compared to the

healthy control group

Paticnts Centrals Multiple regression’
Iests Fp— dian (quariil

mean (SD) mican (S1) B 95% C1L R B

39 (29.51), 42 (17)

8% (63,122, 66 (53,8
18 £30,78), 3T (1%51),

Symbol Digit Modalities Test 10 (30,51}, 40 (13} 49 (40,56, 47 (10)

Verbal bearning and memaory

Rey Auditory Verbal Leaming Test

imamediate recall 15 (37,45), 43 (10) 16 (39,520, 45 (9) s,
«delayed recall R(512),2(5) 9812, 90(3) N&.
Catezory Cued Reeall:

~imamediate recall A5 (30,38), M (6) M (3238, 35 (6) N
-cued recall 33 (30,381 M5 Ns.
Rey-Osterricth-Complex-Figure- Test 23 (18,261 21 {6) M.
Verbal function
Boston raming test S8(56,59). 57 (3) K
Verbal Fluency:. phonetic 17 (21,300, 17 (5) Ns.
Verbal Fluency, semantic 26(21,30), 26 (6) s,
Familiar Faces 18(17.200 184D Ns.
Executive function
Stroop Test;

incomprient part 125 (105,125), 134 {45)

100 (95,127), 112 (26) 17 (5,30), 28, 08
71 (53,101}, 80 (43) 57044, 25)
BI5,16), 10 (%) 13

interference score

“ard Sorting Test

Wiscons:

Latter numbsr scquencing 10 {8113, 10 (3) 11 (10,120 11 (2 Nas.

In backward regression analyses the following iates were inchaded: Diagnostic group (patient group /
control group), age, gender, education, DART und HDRS.

! B= unstandardized regression cocfficient, C.I. = 95% confidence interval, R*= adjusted R?,

“p-value. N.s= not significant in the final model at a Bonferroni adjusted p-level of 0125,

with psychotic features according to ICD-10 diagnostic classifica-
tion), respectively (all p >.05).

5. DISCUSSION
5.1. Main results and comparison with prior studies.

5.1.1. Hypothesis |

As presented in paper |, prior studies seem to suggest that cogni-
tive impairments are present in patients with unipolar disorder in
a remitted state. In the present study, impairment of global cog-
nitive function was observed in univariate analysis in patients
compared to healthy control individuals (paper Il). Nevertheless, a
statistically significant difference between residual depressive
symptoms and global cognitive function was observed in the
patient group and in multivariate analyses, the group difference

DANISH MEDICAL JOURNAL 9



was only significant at a borderline level when residual depressive
symptoms were additionally controlled for along with the other
covariates. Findings from the present and previous studies may
therefore suggest that cognitive dysfunction is present in the
remitted state in patients with unipolar disorder compared to
healthy control individuals, although the specificity of neurocog-
nitive impairment and the association to course of clinical illness
is complex in nature- as will be further described in the subse-
quent sections.

5.1.2. Hypothesis Il

As presented in paper Il, the results from the study suggest that
impairment of global cognitive function is linked to the progres-
sion and severity of illness. Thus it was found that the cumulative
durations of depressive episodes were associated with the degree
of cognitive impairment and that a history of depressive episodes
with psychotic features predicted a decrease in global cognitive
function to a greater extent than other types of depressive epi-
sodes. As presented in the introduction, some studies have sug-
gested that cognitive impairment may be a vulnerability factor for
bipolar disorder that is present before the onset of iliness (27;30)
and worsens as the illness progresses (31-33), and that the num-
ber of episodes of depression and mania, as well as the lifetime
spent with illness, seems to contribute to the severity of cognitive
dysfunction in bipolar disorder (34;35). The mechanism whereby
episodes of depression affect cognitive function is widely un-
known. However, indirect evidence from brain imaging studies
have suggested that repeated and prolonged duration of depres-
sive episodes is associated with permanent structural changes in
the CNS such as atrophy of the hippocampus (10) and that signifi-
cant reductions in hippocampal volume may occur after the onset
of illness (13). However evidence within this area is still limited
and is hampered by inconsistencies in phenotypic grouping etc.
Further it would also seem likely that changes in neurocognitive
function could be related to changes in neurotransmitter levels,
hormones, intracellular signal transduction pathways or even
through altered gene expression.

Even less is known about the possible deteriorating effects of
depression per se on cognition in unipolar depressive disorder
and, as described in paper | and II, only a few studies have inves-
tigated the association between cognitive function and prior
course of illness. The association between the duration of depres-
sive episodes and cognitive function have not been investigated
until quite recently. Three recent studies (72-74) did not find an
association. However, these studies did not specifically aim to
investigate the association between the duration of depressive
episodes and cognitive function and it is unclear if a systematic
screening for past episodes was performed. Furthermore the
associations were assessed solely by the use of univariate anal-
yses. Depressive episodes may be also associated with a broader
range of impairments in unipolar as compared to bipolar disorder
(33) and the depressive illness is a heterogeneous disorder.
Therefore, as the studies did not employ an extensive tests-
battery or provided a composite score on overall cognitive per-
formance they may have failed to assess aspects of cognitive
function that were impaired in the patients as a group by not
taking into account that the deficits which may develop in the
course of illness may be diffuse in nature. More importantly, the
sample sizes in these studies were small (N=20-30), resulting in
low statistical power to detect associations between prior course
of illness and current cognitive function.

One previous study including patients with bipolar disorder found
that the number of months spent with depression or mania was

more strongly related to a larger number of neurocognitive do-
mains than number of episodes per se (35). This finding is partly
in line with the findings of the present study including patients
with unipolar disorder. Episodes of illness may be more closely
linked to the severity of global cognitive impairment than the
total duration of illness (34). As the cumulative duration of de-
pressive episodes, but not the duration of illness was associated
with cognitive function in the present study, this may further
strengthen the suggestion that episodes of iliness themselves
may have a long-term detrimental effect on cognitive function.
The question about the underlying mechanisms by which the
course of clinical iliness is linked to the evolution of cognitive
impairment in affective disorder is of additional importance.
Kindling is a process by which sensitisation of the brain occurs.
The phenomenon was first described by Goddard (1969) in an
experimental model for epilepsy in which repeated electrocon-
vulsive stimulation lead to seizures in animals that were initially
unresponsive to stimulation (75). Since then kindling has been
widely appreciated as an indirect model for the study of neural
plasticity, illness progression and pharmacological sensitivity (76)
and may serve as a non-homologous model for the evolution of
changes over time following repeated episodes of illness in affec-
tive disorders. It is also quite feasible that the intensity of depres-
sive episodes contribute to the cumulative load of depressions on
cognitive function. Thus, with a sufficient intensity (severity of
episodes) to reach the threshold of the brain’s reserve capacity,
repeated and sustained stimulation (number and duration of
episodes) could lead to expression of cognitive impairments
linked to underlying permanent changes in brain structure and
function.

Cognitive function in patients with psychosis may also represent a
deviation from typical cognitive functioning indicating the possi-
ble presence of specific abnormalities in development, neuro-
plasticity and pathophysiology (36), however, no studies prior to
this one investigated the association between psychosis in the
course of clinical illness in unipolar disorder and cognitive func-
tion. It is therefore noteworthy that a history of depressive epi-
sodes with psychotic features predicted a decrease in global
cognitive function to a greater extent than other types of depres-
sive episodes in the current study. Seemingly, the association
between phenotype and cognitive function, and psychosis in
particular, requires further attention.

In conclusion, the present findings suggest that prolonged dura-
tions of depressive episodes and the presence of psychotic fea-
tures, in particular, during the course of iliness may be associated
with deterioration of global cognitive function. Longitudinal stud-
ies are evidently the most optimal study design to assess whether
cognitive impairment is truly progressive in nature. It is possible
that cognitive dysfunction antedates onset of depression and we
did not have a direct measure of premorbid cognitive function,
however, since we controlled for surrogate measures of premor-
bid cognitive capacity (education and premorbid IQ; see section
6.3.3, for a further discussion) strengthens the suggestion that
depressive episodes in the course of clinical illness contribute
significantly to cognitive dysfunction in unipolar depressive disor-
der.

5.1.3. Hypothesis IlI

As presented in paper lll, patients performed worse than the
healthy control individuals on neuropsychological tests which may
be indicative of impairment of processing speed and aspects of
attention associated with divided attention and mental flexibility
(executive control over actions). As previously described, direct
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comparison with findings of prior studies are limited by differ-
ences in the method used as well as in the patient samples. The
majority of previous studies found impairment of attention and /
or executive functions in patients compared to control individuals
(73;77-82) in at least one of the tests used to access these do-
mains. Findings from longitudinal studies using follow-up testing
of depressed patients also suggest that impairments in some
aspects of attention and executive functions may not improve at
a proportionate level following reduction of depressive symptoms
(69;83;84). A previous study by our group found that discrete
attentional deficits and executive dysfunctions may be present in
the premorbid state in individuals at high risk of developing uni-
polar disorder (85). In the present study, we employed the same
measures of attention; however, we used a different Stroop
paradigm. It may be argued, that the findings reflect impairment
of aspects of attention and slowing of speed rather than execu-
tive functions, since we did not observe a difference on the
Stroop interference measure. Oppositely, one may also argue that
tests like the verbal fluency tests and, as previously mentioned
the Trail B, may involve aspects of executive function. We did not
find that the patient group performed worse than the healthy
control group on the verbal fluency tests; however, there are
some indications of improvement on these tasks following reduc-
tion in depressive symptoms (86-88) and it is likely that these
tests are particularly sensitive to the clinical state of depression.
Furthermore, we did not find that the patients were impaired on
measures of verbal function. Presently, there are no indications
from studies including patients remitted from depression or from
studies including individuals in high genetic risk of developing
depression of impairment of verbal functions in unipolar disorder.
In a recent study, Behnken et al. (74) found impairment of non-
verbal memory function in the delayed condition of the RCFT. We
did not find a statistically significant difference between patients
and controls on the delayed condition of the RCFT, at the Bonfer-
roni corrected level of significance; however, the p-value was
.045, so we cannot completely rule out the possibility of deficits
of non-verbal learning and memory.

The majority of previous cross-sectional studies have not sug-
gested that impairment of verbal learning and memory functions
is present in patients remitted from unipolar depression
(72;74,;77;79;80;82). Likewise, longitudinal studies using follow-up
testing of depressed patients have also suggested that verbal
learning and memory may improve at a significant level in those
who achieve remission or respond adequately to treatment,
compared to those who do not (83;84). Three previous studies,
however, contradict these findings (69;89;90). Several possible
explanations for these discrepancies in findings may exist: In the
study by Yuan et al. 2009 (89) patients with first episode geriatric
depression were included. As late-life depression may be associ-
ated with more pronounced memory deficits and poorer re-
sponse to treatment (91), it is possible that these functions take
longer to recover. It is also possible that acquired biological fac-
tors are of greater importance in late-onset (LOD) as opposed to
early-onset depressive disorder (92;93) and a large number of
studies have found a higher rate and severity of white matter
hyperintensities (WMH) in patients with LOD compared to
healthy elderly individuals (94). However, WMH seems to be
associated in particular with executive functions, attention and
speed (94), and the association between memory functions and
WMH remains unclear. In a study by Neu et al. 2005 (69), no
correlation between WMH and performance on the tests used
was detected. However, the study was probably not fully pow-
ered to assess this association since the number of patients who

in fact presented with WMH was small (presumably because the
study population was limited to patients with early onset depres-
sion). The patients included were of the melancholic subtype and
it is also possible that melancholia is associated with specific
neuropsychological deficits (95), at least in the depressed state.
Accordingly, Austin et al. found that melancholic patients were
impaired on mnemonic tasks and tasks of selective attention and
set-shifting, while non-melancholic subjects were largely unim-
paired (96). Nevertheless, it is not known if the presence of more
pronounced deficits in patients with melancholia is a conse-
qguence of the melancholic entity itself. Thus, it is possible that
residual memory deficits may be present in subgroups of patients
with particular clinical features.

In summary, the findings of the present study suggest that pa-
tients with unipolar disorder in the remitted state may exhibit
cognitive deficits within the domain of attention and that the
functional impairment may be characterized by deficits in atten-
tion and mental flexibility (executive control over actions). The
influence of executive control on attentional processes has been
linked to midline prefrontal and frontal areas such as the lateral
prefrontal and anterior cingulate cortex (97). The deficits ob-
served are somehow similar to the impairment found in bipolar
disorder, see (98) and as attention is a multidimensional concept,
the measures of attention employed may not adequately reflect
the aspects of attention that are most relevant to unipolar de-
pressive disorder. Thus, it cannot be concluded that the impair-
ment which was observed is specific to unipolar depressive disor-
der and further studies are needed to characterise these
impairments in detail, as well as comparative studies are needed
to asses differences in cognitive profiles across psychiatric diag-
noses.

5.1.4. Hypothesis IV

As presented in paper IV, whole blood BDNF levels were de-
creased in patients compared to the healthy control individuals.
There was no association between prior course of illness and
BDNF levels.

Results from the current study in which BDNF protein concentra-
tions were obtained from whole blood are not directly compara-
ble to prior studies in which BDNF have been measured in plasma
or serum. The advantages gained from using whole blood are
described in detail in the paper. One prior study including former-
ly hospitalized out-patients remitted from unipolar depression
also found that BDNF levels were lower in patients compared to
healthy control individuals (99). A recent study, including a mixed-
population sample of patients from mental health care and pri-
mary care, did not replicate this finding (100). However, in this
study a fraction of the patients were included from primary care.
It is therefore possible that no difference was found due to the
inclusion of patients who had suffered a less severe manifestation
of the disorder than the hospital based sample included in the
present study. Furthermore, the study did not utilize clinical
assessment possibly including patients suffering from other con-
ditions than unipolar disorder. Neumeister et al. (101) also found
equal levels of BDNF in the patient sample compared to the con-
trol sample. As the study included unmedicated patients, it is
likewise possible that the patients suffered from a more mild
manifestation of the disorder than the patients included in the
present study. Furthermore, the negative result might be at-
tributed to low sample size. Noteworthy, in this study it was
found that during tryptophan depletion, BDNF levels increased in
healthy volunteers while remitted patients were unable to mount
this presumed compensatory response, thereby suggesting that
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dysregulation of BDNF homeostasis in the face of a serotonergic
perturbation may contribute to the pathophysiology of depres-
sion.

In a study by Kauer-Sant’ Anna et al. (102), BDNF levels in patients
with bipolar disorder in the early and late stages of the disorder,
was compared, showing that BDNF levels were lower in the pa-
tients in the late stages of the disorder. It has been proposed that
episode-related changes in neurotrophins may explain some of
the brain structural changes observed in patients with bipolar
disorder (103). We did not find an association with the clinical
factors associated with the course of illness (number and dura-
tions etc.) and BDNF levels in patients suffering from unipolar
disorder. This finding is in concordance with the former men-
tioned studies by Monteleone et al. and Molendijk et al. Howev-
er, the finding does not exclude the possibility that BDNF levels
might decrease in the course of illness as a consequence of prior
depressive episodes in patients with a more severe or recurrent
form of illness e.g. as a result of epigenetic alteration of BDNF
gene expression.

Since a growing body of evidence has demonstrated that stress
decreases the expression of brain-derived neurotrophic factor
BDNF in limbic structures that control mood and cognition (104),
decreased levels of BDNF could contribute to the atrophy of
certain limbic structures, including the hippocampus and prefron-
tal cortex which have been observed in patients with depressive
disorder. Therefore it would seem tempting to assess associations
between BDNF levels and cognitive functions. One previous study
including patients with bipolar disorder investigated associations
between serum BDNF levels and multiple neuropsychological
tests and found a statistically significant (positive) correlation
between BDNF levels in one of 16 tests in both patients and con-
trols (105). It is possible that this finding may be attributed to
type | error due to multiple testing. Whole blood BDNF protein
concentrations seem to reflect BDNF levels in the brain quite well
(106), however, blood BDNF levels does not reflect the differ-
ences in BDNF expression across different brain regions nor does
it provide any further substantial clues to the underlying func-
tional impairment. Thus, assessment of associations between
BDNF levels and individual neuropsychological tests would not
seem to shed any further light on the subject. However, we fur-
ther investigated if BDNF levels were associated with global cog-
nitive function as measured by the CAMCOG. We did not find an
association between BDNF levels and CAMCOG score in either
univariate or linear regression analyses, adjusting for age and
gender. Furthermore, we found a statistically significant (positive)
association between BDNF levels and CAMCOG score in females
in the total sample (Spearman’s rho =.23, p=. 03), but the differ-
ence was not present when analysing the groups separately.
Thus, the sample size was not large enough to provide the suffi-
cient statistical power to assess whether levels of BDNF were
associated with global cognitive function in patients with unipolar
depressive disorder.

Theoretically, in view of other data from areas within the field,
the findings may imply that one of the mechanisms underlying
impairment of cognitive function may be impairment of cellular
resiliency and neuroplasticity due to decreased levels of BDNF.
However, the design and the sample size of the study did not
permit further evaluation of this possible association and further
studies are needed. While addressing the question whether these
abnormalities antedate and / or are augmented during the course
of illness in unipolar depressive disorder requires further longitu-
dinal studies, our results nevertheless suggest that neurotrophic
changes exist beyond the depressive state.

6. STRENGTHS AND LIMITATIONS.

6.1. Sources of information and selection bias.

The motives that the participants expressed for entering the
study were diverse: Some expressed an interest in understanding
more about the disorder and for others a need to gain further
insight into their past and present situation or the experiences
their relatives or friends had gone through was the most im-
portant motive. Many also said that being part of the study was
an obligation that they owed to their fellow human beings. The
most frequent reasons for not participating expressed by the
patients were that that they did not feel comfortable talking
about their past experiences and had decided to leave these
memories behind. The most frequent reason for not participating
expressed by the controls — which also was the second most
frequent reason expressed by the patients- was that they simply
did not feel that they had time to spare in order to participate.
Since these qualitative reasons for accepting or refusing to partic-
ipate point in different directions, they do not suggest that the
sample selection resulted in inclusion of participants with specific
motives or personality traits.

6.1.1. Selection bias.

Selection bias refers to the distortion of a statistical analysis,
resulting from the method of collecting the samples. Sample bias
occurs when participants are not equally balanced or objectively
represented and is a systematic error which may occur due to a
non-random selection of a population based sample. This is,
however, rarely accounted for in clinical studies. By using the
nation-wide Danish Psychiatric Register and the Civil Person Reg-
ister, the patients and the healthy control individuals were select-
ed according to the same criteria and patients were matched with
a healthy control group identified from a population with the
same socio-demographic characteristics. Additionally, since the
social well-fare system in Denmark is highly developed, the Dan-
ish population is socially fairly heterogeneous as a group and
treatment is free of charge. In this way, we believe that sampling
bias due to socio-demographic factors was minimized. The partic-
ipant rate in the study was rather low. However, an informal
assessment of the degree of selection bias was made by examin-
ing associations between background variables and the two pri-
mary indicators. As can be seen from Table 1 (page 8), the partici-
pants did not differ from the non-participants on a score of
cognitive function (GDS) or on age, gender, age at first admission,
the severity of the episode at first discharge or in the average
number of depressive episodes previously experienced. In conclu-
sion, the effect of a bias in the selection of the participants was
minimized.

6.1.2. Observer bias.

Observer bias may influence observer-dependent measures, but
not self-rated questionnaires and blood samples. It was intended
to blind the investigators performing the neuropsychological tests
to the participants’ diagnosis. This was not always possible, since
the participants sometimes mentioned or provided clues to their
diagnosis by mistake. Unfortunately, it was not possible to calcu-
late estimates on inter-rater variability since very few scores were
registered systematically. However, the investigators were super-
vised by an experienced neuropsychologist and inter-ratings were
performed on a regular basis.

Concerning blinding to the test scores of the participants, it was
not possible to uphold a complete blinding since the interviewer
was required to manage the referral to the memory clinic if par-
ticipants were suspected of having cognitive difficulties based on
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the test scores (CAMCOG <95). However, estimates on the num-
ber and duration of episodes etc. were secured from the clinical
interview before viewing the test scores, and during the later
process of validation of information from case notes, blinding was
withheld. In summary, the clinical interviews were performed by
the same rater, thereby eliminating the possibility of bias due to
inter-rater reliability, but introducing the risk of a systematic
observer error.

6.1.3. Recall bias.

Recall bias occurs when the way a respondent answers a ques-
tion, is affected not just by the correct answer, but also by the
respondent's memory. The cross-sectional design of the study is
particularly vulnerable to this type of bias. However, a systematic
approach was used to provide the estimates of the number,
duration and the severity (according to ICD-10) of each episode
using the SCAN-interview and information was confirmed by case
notes from hospital admissions, out-patients contacts and private
practitioners. Furthermore, considering the few cases in which it
was not deemed possible to obtain reliable estimates, these were
not included in the analyses: This applied to patients with the
most severe course of illness, and as subsequently revealed after
the analyses were performed, were the ones with the lowest
performance on the CAMCOG. Excluding these patients may thus
have resulted in an underestimation of the strength of the associ-
ation between prior depressive episodes and current cognitive
function.

6.2. Study design.

The cross-sectional design of the study limits the interpretation of
the causality of the present findings. Thus, without data on e.g.
the premorbid cognitive capacity, premorbid levels of psycho-
pathology and premorbid base-levels of biomarkers, it is difficult
to disentangle the contribution of premorbid factors from the
contribution of episodes of depression on the outcome measures
The association between episodes of depression and BDNF levels
and cognitive function, respectively, could be investigated in a
longitudinal study with assessment of individuals at risk of de-
pression before onset of iliness, during consecutive periods of
remission and following successive episodes of depression. How-
ever, it should be held in mind that a longitudinal study with
inclusion of a large sample of individuals assessed throughout a
lifetime would require vast amounts of human and financial re-
sources. The necessity of assessing the impact of environmental
exposures from an ever-changing environment and disentangling
the effect of these factors from the effect of depression would
also prove a substantial challenge. Furthermore, psychiatric diag-
noses are contextual in nature and will change over time as new
discoveries are made and following changes in the cultural and
socio-economic structure of a society.

6.3. The validity of the diagnosis of unipolar depressive disorder.
We aimed to achieve a high diagnostic validity of the diagnosis of
unipolar depressive disorder of the patient sample. The Danish
Psychiatric Central Research Register (DPR) offers a unique oppor-
tunity to identify all individuals with psychiatric admission. It has
been shown that the diagnosis of affective disorder in the DPR is
correct in 94% of the cases when compared to ICD-10 diagnoses
(based on case-notes and interviews) (107). In a recent study, it
was also shown that the validity of the diagnosis of depression is
highest for severe and moderate type of depression (82.8 for the
severe type of single episodes and 76% for the moderate type of
single episodes) and decreases for mild episodes (108). Conse-

quently, mild episodes were not taken into account in the present
study. Furthermore, in 10-15% of patients with an index diagnosis
of depressive disorder, the diagnosis is subsequently changed to
bipolar disorder (109). By recruiting the patients via the registers,
a unique opportunity to include patients which in many cases had
been assessed by clinicians through several hospital admissions
was exploited. Furthermore, the diagnosis was validated using the
SCAN and by information extracted from clinical case notes. We
therefore believe that the validity of the diagnosis of unipolar
depressive disorder in the sample is very high compared to other
studies conducted within this area.

6.4. Confounders.

6.4.1. Age, age at onset and gender.

The design of the study precludes conclusions about the timing of
age effects. The ideal solution to disentangle the possible effects
of normal aging from illness related changes would be to follow
individuals with and without the disorder and identify these
changes over time in combination with assessment of concomi-
tant risk factors. However, as can be seen from Table 2 (page 8)
there was no significant age difference between the groups.
Furthermore, age was included as a covariate in all analyses. As
described in paper | and further discussed in the previous section,
age of onset may be associated with different risk factors. It is
possible that acquired biological factors are of greater importance
in late onset of depression as opposed to early onset of depres-
sion. It is also possible that early onset is associated with a great-
er genetic load. However, it does not appear that substantial
evidence exists at present, which permits a clear cut distinction
between early and late onset depression to be made. In the pre-
sent study, we included patients with a distribution of age of
onset with a wide range (21-72 years). We did not aim to investi-
gate distinctions between early and late onset depression. This
would have required a study design in which comparison of well-
defined patient groups with early and late onset depression along
with e.g. quantification of cerebral vascular pathology and as-
sessment of biological factors associated with normal aging as
well as genetic factors. However, we did not find an association
between age at onset and e.g. performance on the CAMCOG,
suggesting that age of onset did not act as a significant confound-
er in the present study.

The gender distribution in the sample reflects the known preva-
lence of depressive disorder according to gender. The literature
on gender differences in cognition in unipolar depressive disorder
is scarce; however, we included gender in all the statistical anal-
yses performed to eliminate a possible confounding effect. We
found that BDNF levels were higher in females in both the patient
and the healthy control group and gender differences in BDNF
levels may warrant some more attention in further studies.

6.4.2. Somatic illness and substance abuse.

Extensive exclusion criteria were employed in order to exclude
patients with current or previous medical conditions which may
have confounded the results, and as can be seen from Figure 1
(page 8), a substantial amount of prospects were excluded due to
these criteria. Participants underwent a medical interview con-
cerning past and previous medical conditions performed by an
MD (the author) with clinical experience in internal medicine,
surgery and neurology. Additionally, diagnoses from prior hospital
contacts were extracted from the registers and blood samples
were obtained. The SCAN was used to exclude substance abuse.
Thus, effects of these confounders were minimised.

DANISH MEDICAL JOURNAL 13



6.4.3. Premorbid 1Q and educational level.

The interpretation of the finding of global impairment of cognitive
function is highly dependent on the view on the level of premor-
bid cognitive function. E.g. some studies including patients with
bipolar disorder have suggested that impairment of global intel-
lectual function may be limited to acute episodes (26). If this
observation was to hold true, it would predict that factors related
to the illness process in itself rather than the trait of bipolar dis-
order (genetic factors) per se would have an impact on IQ.
Premorbid 1Q in unipolar depressive disorder has been less com-
prehensively investigated, and although a body of literature has
suggested that premorbid cognitive capacity differs from popula-
tion norms, when measured using proxy estimates such as educa-
tional or occupational level, these estimates are not directly
comparable to premorbid IQ measures because of the greater
sensitivity of these parameters to environmental factors. In gen-
eral, high quality prospective studies in relation to unipolar de-
pressive disorder are lacking. However, a prospective study in-
cluding a population- based sample of 50087 male subjects, using
record linkage for hospital admissions during a 27-year follow-up
period, found that low IQ may be associated with an increased
risk of severe depression (110). Taken together with the fact that
it is generally accepted that premorbid IQ estimates such as the
National Adult Reading Test (NART) is relatively stable to the
effects of illness, it would seem that our finding of a lower
premorbid IQ in the patient group compared to the healthy con-
trol group may suggest that IQ impairment is a possible trait
marker of unipolar depressive disorder. If premorbid 1Q then
could be considered intrinsic to the disorder, some concerns
regarding the use of premorbid IQ as a covariate would be appro-
priate; this could tend to remove some of the effect of the varia-
bles of interest related to the diagnosis if introduced simultane-
ously in multivariate analyses along with these variables (see e.g.
(111)). Furthermore, the DART scores were highly correlated with
the CAMCOG scores, which may have lead resulted in an over-
correction of the statistical model. On account of this, we per-
formed repeated analyses in which we excluded the estimate on
premorbid 1Q as to reduce the risk of type Il error. A sample
matched on premorbid IQ may have been the ideal solution to
overcome this problem, however, this was not intended and such
an approach could possibly yield a tendency to select healthy
control individuals with a lower cognitive capacity than the aver-
age population norm, or the other way around. This could have
introduced a systematic error in the form of selection bias.

6.4.4. Subclinical depressive symptoms and duration of remission.
Residual symptoms occur in many depressed patients after acute
treatment and may span the typical symptoms of depression,
except those characteristic of severe disorders (112). A significant
correlation between global cognitive function and levels of resid-
ual depressive symptoms was present in the patient group (paper
I1). However, no significant correlations were present between
symptoms and performance on the individual cognitive tests
(paper lll). As summarized in paper |, prior studies including re-
mitted patients with unipolar depressive disorder as well as stud-
ies including patients with bipolar disorder (98) have suggested
that mood symptoms, as quantified by observer- based rating
scales such as the HDRS and self-reported measures, may be
associated with performance on neuropsychological tests even at
subclinical levels. Several explanations of these findings are pos-
sible. Very few prior studies have employed criteria to assess
whether patients were in a sustained state of remission, and it is
therefore possible that some prior studies were confounded by
the inclusion of patients who were mildly depressed. Secondly,

the discrepancies in findings from prior studies in which associa-
tions between subclinical mood symptoms and performance on
individual cognitive tests were assessed may be attributed to the
fact that some cognitive functions quite likely may take longer to
recover than others. In our study, we did not find that residual
mood symptoms in patients, who on average had been remitted
for years, were significantly associated with performance on any
of the individual cognitive tests employed. In fact we only found a
very modest correlation between residual depressive symptoms
and performance on the test of global cognitive function. Notably,
a previous study by our group found that twins at high risk of
affective disorder seem to present higher levels of subclinical
psychopathology than twins with no familial history of affective
disorder (113). On balance, it is unclear whether subclinical de-
pressive symptoms may be taken to reflect a static phenomenon
intrinsic to the disorder, or whether these symptoms are linked to
the progression of illness in which the load of residual psycho-
pathology increases equivalently with iliness intensity (frequency
and severity of episodes etc.) in the course of illness (An illustra-
tion of a hypothetical example, of the possible intrinsic relation-
ship between cognitive function and psychopathology and the
interaction between these factors in course of illness is presented
in figure 2.

Figure 2 The possible association between cognitive dysfunction,
subsyndromal psychopathology and the development of persis-

tent clinically significant residual psychopathology and cognitive
impairment in individuals vulnerable to depression
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iines
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These things said there are also some limitations in interpreting
the scores on the 17-HDRS as being a direct measure of subclini-
cal depressive psychopathology. Thus, the 6-item subscale scores
have a higher validity than the full scale scores (67). However, we
chose to include the full scale scores in order to make our findings
comparable to the main body of research in which these have
been employed. Nevertheless, we believe that controlling for
residual depressive symptoms as measured by the HDRS further
strengthens our findings of the associations between the clinical
factors related to the course of illness and cognitive function.

6.4.5. Medication.

A limitation of the study may be that a proportion of the included
patients were medicated during neuropsychological assessment.
The impact of psychotropic medications on cognition and the
directionality of these effects may differ by the type of medica-
tion, cognitive domain of interest and perhaps even diagnosis (36)
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and may occur as a direct consequence of the drug’s mechanism
of action or indirectly through side-effects such as sedation. The
latter did not seem to be the case in the current study as none of
the participants reported sedation or were treated with psycho-
tropic agents in dosage levels in which sedation could be ex-
pected. Further, no statistically significant correlations were
found between current treatment with antidepressants, anti-
psychotics, sedatives or anti-convulsive mood stabilizers or be
tween lifetime treatment with antidepressants, anti-psychotics,
anti-convulsive mood stabilizers, lithium, number of ECTs and
global cognitive function as measured by the CAMCOG. We did
observe a correlation between present treatment with lithium
and impaired performance on the CAMCOG, but this finding could
be purely coincidental since only nine patients received treatment
with lithium. We did not asses associations between antidepres-
sant treatment and performance on individual cognitive tests
since multiple tests were employed and such a strategy could
have resulted in positive findings by chance only. Correction for
medication in multivariate analyses would introduce a confound-
er that would tend to remove some of the explanatory power of
the primary predictor variables; e.g. according to Danish guide-
lines for treatment of unipolar disorder, treatment with lithium is
recommended for patients with treatment -resistant or more
recurrent depression (114). Indeed, we confirmed that there was
a correlation between lithium treatment and the cumulative
duration of prior episodes. This also underlines the fact that
iatrogenic and iliness-related factors are not easily disentangled,
and our study design did not make it possible to delineate the
possible cognitive side-effects of psychotropic medication from
factors associated with chronicity. Finally, it may be that
polypharmacy and the use of antidepressants as well as sedatives
in high dosages may contribute to cognitive impairments in par-
ticular. The directionality of the relationship of cause and effect
between psychotropic medication and cognitive outcome is un-
certain, but it is likely that patients with a more severe course of
iliness are prescribed a larger number of drugs. To date it has not
been possible to study a population of patients with the most
severe course of illness who did not receive medication, however,
one previous study compared euthymic medicated with unmedi-
cated patients with bipolar disorder on neuropsychological per-
formance and found no difference between the groups when
correcting for mood-symptoms, suggesting that deficits are an
integral part of the disorder (115). Similar studies including pa-
tients with unipolar disorder have not been conducted. In spite of
the considerations on the possible limitations of findings from
medicated patients the fact is that the body of evidence in this
area is scarce (for a comprehensive review see e.g. (116). In fact,
very few psychotropic drugs used for treating depression have
been associated with cognitive impairment and some findings
may even suggest that some antidepressants may enhance neu-
roplasticity and may have a neuroprotective effect during depres-
sion (117;118). It is also possible that antidepressants and lithium
may reduce the risk of dementia (119;120) . On balance, and also
in view of previous research, we find it unlikely the findings from
the present studies are explained by an effect of medication.

6.4.6. Nosocomial factors.

As briefly touched upon in paper |, it is unclear whether cognitive
impairment is a factor leading to hospitalisation, or whether
factors related to hospitalisation exacerbate cognitive deficits. In
the present study (paper Il), the total number of admissions was
found to be associated with global cognitive function (not signifi-
cant co-varying for premorbid 1Q). It may be argued that hospital-

isation may occur for other reasons than mood episodes (121),
this finding, however, would suggest that hospital admissions
may be an indicator of a more severe manifestation of affective
episodes.

6.4.7. Co-morbidity.

Co-morbidity in depression may be due to shared symptoms, true
co-morbidity and treatment related co-morbidity. Thus e.g. co-
morbidity between anxiety disorders and depression may be
explained by shared genetic vulnerability to both disorders (122).
We did not introduce e.g. co-morbid diagnosis of anxiety as a
covariate in multivariate analyses, as this could have resulted in
introduction of type Il error as a consequence of shared variance.
Other study designs are needed to investigate such associations,
in which clear cut depressive phenotypes with and without co-
morbid disorders are compared.

6.4.8. Family history of affective disorder.

The inclusion of healthy control individuals with a family history
of affective disorder may have resulted in underestimation of the
differences between the groups. However, considering the high
prevalence and the, presumably, substantial genetic heterogenei-
ty of depressive disorder, excluding healthy control individuals
with a family history of depression could also have resulted in the
inclusion of a super healthy control group. Since the diagnostic
validity of the diagnosis of depression in first degree relatives (in
which information was obtained second hand from the patients)
was considered low, sub-analyses including these parameters
were not performed.

6.5. Representativeness.

Our participants were Caucasians of Northern European descent.
The control individuals were matched according to age and gen-
der with the patients and were randomly selected from a repre-
sentative population sample. The included patients had previous-
ly been hospitalized for depression in the Region of Zealand in
Denmark and they did not differ from the patients who did not
participate on a rating scale of cognitive function (GDS) or on age,
gender, age at first admission, severity of the episode at first
discharge or in the average number of depressive episodes expe-
rienced (paper 2). In this way, we believe that our findings can be
generalised to patients treated for unipolar depressive disorder
according to ICD-10 who have been hospitalised at least once
with a diagnosis of depression of at least moderate degree. The
study cannot be generalised to younger patients and milder forms
of depressive disorder.

7. CONCLUSIONS.

Global cognitive dysfunction may develop in the clinical course of
unipolar depressive disorder. Episodes of illness themselves seem
to contribute to the degree of cognitive dysfunction and a history
of depressive episodes with psychotic features may confer an
increased risk of cognitive impairment. Furthermore, cognitive
deficits are present in the remitted state of unipolar depressive
disorder and seem to reside more within the cognitive domain of
attention than within other domains, and may be further charac-
terised by impairment of processing speed and divided attention,
although this needs confirmation in future studies and in other
patient samples. Patients with unipolar depressive disorder also
seem to have abnormally low peripheral levels of brain-derived
neurotrophic factor that persists beyond the depressive state.
Low levels of BDNF may be a vulnerability factor for depression
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and may contribute to cognitive dysfunction due to impairment
of cellular resiliency and neuroplasticity. However, further studies
are required.

8. IMPLICATIONS.

The preferred approach to study the development of cognitive
impairment would be a prospective study in which individuals at
high risk of developing unipolar depressive disorder are followed
longitudinally. To date no such study exists. The present findings
suggest that cognitive impairment in unipolar depressive disorder
is neurodevelopmental as well as neurodegenerative in nature.
Clearly, further longitudinal studies are required in order to disen-
tangle the individual contribution of these components to cogni-
tive dysfunction. Furthermore, as our findings suggest that epi-
sodes of depression may have a deteriorating effect of cognitive
function, there is an urgent need to further investigate whether
pharmacological treatment, cognitive remediation and early and
sustained intervention decreases the risk of cognitive decline.
Finally, while unipolar depressive disorder is significantly associ-
ated with genetic factors, genes alone are not sufficient for indi-
viduals to express the illness. Thus, the impact of environmental
and clinical risk factors on cognitive function requires further
attention. Whatever the details are, it is also quite possible that
cognitive dysfunction and impairment of neuroplasticity may
represent endophenotypic abnormalities. The significance of the
interaction between these factors needs further attention.

It is well known that cognitive impairment has consequences for
psychosocial function and quality of life. Attention is close to
what laymen would consider to be the ability to concentrate, and
it is usually assumed to form the basis for more complex cognitive
tasks requiring effortful processing of external stimuli. It there-
fore seems reasonable to presume that the cognitive deficits
expressed by individuals suffering from unipolar disorder, may be
a limiting factor in their everyday life. The results from the study
suggest that these problems may persist after a substantial period
in remission and increases in the course of clinical iliness. Little is
known about the possible effect of cognitive rehabilitation. This
area may deserve more attention and it would be tempting to
establish cognitive rehabilitation programs, in order to facilitate
patients returning to their respective sphere of work and social
life, as close as possible to their premorbid level of functioning.

9. SUMMARY

It is widely unknown whether the remitted state of unipolar
depressive disorder is characterized by abnormalities in cognition
and neuroplasticity and whether such changes are associated to
the prior course of iliness. The aims of the present thesis is to
investigate 1) whether global cognitive function and levels of
brain-derived neurotrophic factor (BDNF) in whole blood are
decreased in the remitted state of unipolar disorder, 2) whether
cognitive function is impaired within specific areas, 3) the associa-
tion between cognitive function / BDNF and prior course of ill-
ness.

The study is a cross sectional case control study, identifying par-
ticipants via Danish registers. Patients were identified via the
Danish Psychiatric Central Register as individuals who presently
were between forty and eighty years of age, and who formerly
had received a diagnosis of depressive disorder (with minimum
moderate severity) at their first discharge from a psychiatric
hospital in the region of Zealand, in the period between 1994 and
2002. Healthy control individuals, matched by age and gender

with the patients, were identified via the Civil Person Register
(CPR) as persons living in Zealand with access to the same kind of
treatment facilities as the patient group. Clinical assessment of
diagnosis, prior course of illness and current psychiatric status
was done in an extensive interview. Neuropsychological testing,
including a measure of global cognitive function, the Cambridge
Cognitive Examination (CAMCOG), was done independently and
blinded for psychiatric status (patient versus healthy control).
Only individuals with a score of <7 on the 17-item Hamilton De-
pression Rating Scale and who did not experience a depressive
episode less than 8 weeks before the interview were included in
the study.

Compared to the healthy control individuals, global cognitive
function, as measured with the CAMCOG, was lower in patients.
The cumulative duration of prior depressive episodes as well as a
history of psychotic depression was associated with cognitive
impairment. Furthermore, cognitive deficits seemed to reside
more within the cognitive domain of attention than within other
domains, and was characterised by impairment of processing
speed and divided attention. Patients with unipolar depressive
disorder had reduced blood levels of BDNF but no association was
found to prior course of illness. Finally, global cognitive function
was not associated with levels of BDNF.

Further studies are needed to characterize the association be-
tween cognitive dysfunction in unipolar disorder and neuroplas-
ticity
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