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1. INTRODUCTION 

Epilepsy is a chronic neurological disorder affecting up to 50 million people in 
the world (WHO, 2012), 6 million people in Europe (Pugliatti et al., 2007; 
ILAE/IBE/WHO Global Campaign Against Epilepsy, 2010) and probably about 
6300 people in Estonia (Haldre et al., 2009). It is not a single disease but a group 
of disorders described by the recurrence of seizures. Additionally, epilepsy can 
have several consequences to person’s health and life, as also reflected in the 
International League Against Epilepsy (ILAE) renewed definition for epilepsy 
(Fisher et al., 2005). Among these neuropsychological, psychological, and 
psychiatric aspects can have the most prominent effect on person’s quality of life.  

Epilepsy has high socioeconomic burden at individual, family, health 
services, and societal level. Estimated total cost of epilepsy in Europe was €15.5 
billion in 2004 (Pugliatti et al., 2007). In a more recent Danish study the direct 
net annual health care and indirect costs were €14,575 for patients with epilepsy 
(Jennum et al., 2011). Among other brain disorders this is a costly disorder with 
high direct and indirect costs (Olesen et al., 2012).  

Although epilepsy is a disease with effective treatment options, it remains a 
problem for many patients with epilepsy. In 2010 the Global Campaign Against 
Epilepsy (GCAE) published a report indicating that around 40% of patients with 
epilepsy in Europe are missing out on treatment, there is not enough epilepsy 
specialists, and not all the patients with need have the access to neuropsycho-
logical or rehabilitation services (ILAE/IBE/WHO Global Campaign Against 
Epilepsy, 2010). The stigma attached to epilepsy is partly the cause for this and at 
the same time is fortified by this – leading to the risk of behavioural problems, 
underachievement at school, underemployment, depression, and suicide.  

It has been emphasized that epilepsy must become a higher priority in 
Europe in order to decrease treatment gap, and to improve access to neuro-
psychological and rehabilitation services. There is a need for better legislation 
in order to remove discrimination and for better healthcare arrangement in order 
to improve effectiveness of treatment and access to it. In order to do so, we need 
to have more profound research on epilepsy – addressing basic mechanisms of 
epileptogenesis, epidemiology of epilepsy, economic aspects, and especially 
behavioural issues of epilepsy.  

Epidemiology of epilepsy in Estonia has been previously studied both in 
adults (Õun et al., 2003a; Õun et al., 2003b) and children (Beilmann et al., 
1999a; Beilmann et al., 1999b); also quality of life of people with epilepsy has 
been extensively investigated (Rätsepp et al., 2000; Herodes et al., 2001).  

The main aim of this thesis was to shed light on cognitive functioning and 
depression in patients with epilepsy. To reveal the prevalence and pattern of 
cognitive problems in patients with epilepsy, to compare it with perceived 
cognitive functioning, to estimate the effect of symptoms of depression on 
cognition, and to look for possible associations between depression in epilepsy 
and serotonergic system functioning.  

We aimed to further investigate the idea that epilepsy is more than seizures.  
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2. LITERATURE REVIEW  

2.1. Definition of epilepsy 

According to the International League Against Epilepsy (ILAE) and 
International Bureau for Epilepsy (IBE) definitions, epilepsy is a disorder of the 
brain characterized by an enduring predisposition to generate epileptic seizures 
and by the neurobiologic, cognitive, psychological, and social consequences of 
this condition (Fisher et al., 2005). More recent operational definition adds that 
epilepsy can be defined by any of the following conditions: (1) At least two 
unprovoked (or reflex) seizures occurring >24 h apart; (2) one unprovoked (or 
reflex) seizure and a probability of further seizures similar to the general 
recurrence risk (at least 60%) after two unprovoked seizures, occurring over the 
next 10 years; (3) diagnosis of an epilepsy syndrome (Fisher et al., 2014). An 
epileptic seizure is a transient occurrence of signs and/or symptoms due to 
abnormal excessive or synchronous neuronal activity in the brain (Fisher et al., 
2005).  

Epilepsy is not a singular disease entity but a variety of disorders reflecting 
underlying brain dysfunction that may result from many different causes. The 
nature of the clinical manifestations of epileptic seizures depends on the part of 
the brain involved in the epileptic neuronal discharge, and the physiology and 
spread of the discharge (Badawy et al., 2009). Previously both, epileptic 
seizures and epilepsy syndromes were divided into focal or generalized groups 
and the etiology of epilepsy was classified as idiopathic, symptomatic, and 
cryptogenic (Commission on Classification and Terminology of the ILAE, 
1981; Commission on Classification and Terminology of the ILAE, 1989). 
Revised terminology for organization of seizures and epilepsies preserved the 
dichotomous manner of dividing seizures into generalized and focal seizures 
(Berg et al., 2010)  generalized seizures occur in and rapidly engage bilaterally 
distributed networks and focal seizures occur and engage networks limited to 
one hemisphere. But the etiology of epilepsy is classified as genetic, 
structural/metabolic, or unknown causes (Berg et al., 2010).  

 

2.2. Pathophysiologic basis of epilepsy  

According to our current knowledge, epileptic seizures are a result of excessive 
discharge in a population of hyperexcitable neurons (Avanzini and 
Franceschetti, 2003). The cerebral cortex and hippocampus are particularly 
prone to the generation of this synchronized excessive neuronal activity 
(McCormick and Contreras, 2001). Due to its complexity and heterogeneous 
causes the pathogenetic mechanisms of epilepsy are poorly understood and a 
singular fundamental pathophysiologic mechanism shared by all epilepsies is 
difficult to underline (Kobow et al., 2012).  

4
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On cellular level it was proven that neurons in the epileptogenic focus 
possess a specific property which was named paroxysmal depolarization shift 
(PDS) and involves unusually high amplitude and prolonged duration bursts of 
membrane depolarization (Matsumoto and Ajmone Marsan, 1964). The spread 
and maintenance of epileptic activity is achieved via circuitry reorganization 
that can occur at the synaptic or network level (Pitkänen and Lukasiuk, 2011). 
In general, as a result excitatory transmission is facilitated or inhibitory 
transmission is reduced (Bagdy et al., 2007). This process of epileptogenesis 
alters neuronal excitability, establishes critical interconnections, and requires 
structural changes for spontaneous recurrent seizures to occur (Pitkänen and 
Lukasiuk, 2011). On the neuronal level this network is essential for the 
existence and maintenance of the epileptic disorder (Spencer, 2002).  

The changes described in animal and human epileptic tissue include 
neurodegeneration, neurogenesis, gliosis, axonal damage or sprouting, dendritic 
plasticity, blood-brain barrier damage, inflammatory changes, reorganization of 
the molecular architecture of neuronal cells, and epigenetic changes in gene 
expression (Pitkänen et al., 2007; Kobow et al., 2012).  

Recently, the involvement of serotonin (5-HT) system in the pathogenesis of 
epilepsies has become more evident (Bagdy et al., 2007). The pathogenic role 
of 5-HT has been identified in various animal models of epilepsy (Kondziella et 
al., 2007). In genetically epilepsy-prone rat (GEPR) – GEPR-3 and GEPR-9 – 
the predisposition to seizures has been associated with inborn defects in pre- 
and postsynaptic transmission of 5-HT and noradrenaline (NA) (Dailey et al., 
1992). The role of 5-HT has been studied in other animal models of epilepsy. It 
has been concluded that agents that elevate extracellular 5-HT levels inhibit 
both focal and generalized seizures and at the same time, depletion of brain 5-
HT lowers the seizure threshold in audiogenic, chemical, and electrical seizure 
models (Bagdy et al., 2007).  

The data regarding the dysfunction of serotonergic system in epilepsy from 
the animal studies is supported by the results of imaging studies in humans. In 
patients with TLE a decrease in 5-HT1A receptor binding in the epileptogenic 
areas has been found (Toszek et al., 2003; Merlet et al., 2004; Savic et al., 
2004; Giovacchini et al., 2005). It is important that reductions are not associated 
with hippocampal atrophy and are more pronounced in seizure onset areas than 
regions of secondary spread (Savic et al., 2004; Giovacchini et al., 2005).  

 
 

2.3. Epidemiology of epilepsy  

Epilepsy is one of the most frequent chronic central nervous system disorders 
and has considerable medical, social and economic burden. According to the 
epidemiologic studies of epilepsy in the world, the age-adjusted incidence 
ranges from 16 to 51 per 100,000 and age-adjusted prevalence estimates from 
2.7–17.6 per 1000. Studies done in Estonia showed that the incidence rate for 
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adult epilepsy was 35 per 100,000 person/years and prevalence rate was 5.3 per 
1000, which is comparable to prevalence and incidence rates in other similar 
regions (Õun et al., 2003a and 2003b). Therefore, it is estimated that there is 
about 6300 people suffering from epilepsy in Estonia and 560 new cases are 
added yearly.  

Mortality rate for patients with epilepsy is 2–3 times higher compared to 
general population and standardized mortality rate for patients with epilepsy is 
1.6–9.3 according to different population-based studies (Rafnsson et al., 2001; 
Gaitazis and Sander, 2004).  
 
 

2.4. Quality of life in epilepsy  

Numerous studies in patients with epilepsy have indicated impaired quality of 
life due to the disorder or its comorbidities (Baker et al., 1997; Jacoby et al., 
2011; Jehi et al., 2011).  

The influence of epilepsy on a person’s life can be complex and 
multifactorial (Kerr et al., 2012) involving physical, psychological, cognitive, 
social, and occupational factors (Jacoby et al., 2013). Large population based 
studies of prevalence of social, psychological, and quality of life complications 
in epilepsy have indicated that people with epilepsy (PWE) consistently 
reported higher rates of unemployment, lower income, lower education, being 
single, depression, and anxiety compared with people without epilepsy (Strine 
et al., 2005; Kobau et al., 2006).  

Similarly to studies from various regions over the world, research on 
Estonian population revealed reduced quality of life and high stigmatization in 
PWE (Rätsepp et al., 2000; Herodes et al., 2001). Fifty-two percent of 
respondents felt themselves stigmatized by epilepsy, and 24.7% of them highly. 
Study respondents scored lower in all domains of the RAND-36 than did 
persons from the control group.  

Epilepsy can affect patient’s quality of life through many different factors 
(Figure 1) Seizure frequency and severity, seizure worry, AED side-effects, 
psychiatric comorbidity, especially depression have all been found to be 
important predictors of quality of life in PWE (Loring et al., 2004; Hessen et 
al., 2009; Auriel et al., 2009; Jehi et al, 2011). In a longitudinal study of adults 
with new-onset epilepsy an interesting phenomenon was described as patients 
whose seizures appeared poorly controlled during the study reported decreased 
quality of life measures already at the baseline (Jacoby et al., 2011). These 
results indicate that there might be a pathogenetic relationship between epilepsy 
and quality of life.  

Among other factors cognitive functioning may be an important aspect in 
quality of life in epilepsy but this has been poorly studied. In a study by Perrine 
and colleagues mood, psychomotor speed, verbal memory, and language 
correlated significantly with the Quality of Life in Epilepsy—89 inventory and 
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the mood factor showed the highest correlations and was the strongest predictor 
of quality of life in regression analyses (Perrine et al., 1995). Therefore, it was 
concluded that the level of cognitive functioning is a critical aspect to quality of 
life in patients with epilepsy (Perrine et al., 1995).  

A systematic review analysing 93 health-related quality of life (HRQoL) 
studies in epilepsy underlined 5 factors which appeared to be strongly 
associated with reduced HRQoL across multiple studies: seizure frequency and 
severity, level of depression and anxiety, and presence of comorbidity (Taylor 
et al., 2011).  

Therefore, it appears repeatedly that depression is one of the most important 
predictors of poor HRQoL (Cramer et al., 2003; Loring et al., 2004; Kwan et 
al., 2008) and in some studies it has been the only predictive factor (Boylan et 
al., 2004).  

In patients with pharmacoresistant epilepsy and TLE depression appears to 
be the most powerful predictor for each domain of HRQoL. Psychiatric 
comorbidity explains more variance in HRQoL than clinical seizure or 
demographic variables.  

 
Figure 1. Interrelationships of different factors in epilepsy influencing each other and 
quality of life in general.  
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2.5. Epilepsy and cognitive functions  

Cognitive function is defined as the capacity of the brain to process information 
and to program adaptive behaviour. It involves the ability to solve problems, 
communicate, memorize information, or focus attention (Aldenkamp et al., 
2004). People with epilepsy have increased risk for cognitive disturbances 
(Meador, 2002). Previous studies have found that cognitive changes are 
common in people with all forms of epilepsy (Barr, 2007) and that compared to 
their peers PWE may have reduced performance in different cognitive domains, 
including slowing on speeded tasks, complex information processing 
disturbances, memory impairment, and attentional and concentration difficulties 
(Aldenkamp et al., 2004). This is a well-recognized but poorly understood 
concept (Badawy et al., 2012). Heterogeneity of epilepsy syndromes is reflected 
in complexity of cognitive profiles in epilepsy and in factors contributing to the 
dysfunction. The etiology of the disease and underlying neuropathology, 
recurrent epileptic seizures, side-effects of antiepileptic drugs (AED), and 
psychosocial factors all play significant roles in the cognitive functioning of 
PWE (Kwan and Brodie, 2001; Elger et al., 2004; Aldenkamp and Bodde, 
2005).  

It would be reasonable to assume that epileptic activity arising from the 
cortical regions that are responsible for certain physiological functions would 
disturb these functions, including cognitive function. Indeed, in several studies 
examining the effect of subtle nonconvulsive seizures and frequent interictal 
epileptiform EEG activity in children, transient changes in global cognitive 
function, speed of central information processing, and memory function are 
described (Aldenkamp and Arends, 2004a; Nicolai et al., 2012). It has also been 
hypothesized that epileptiform activity and subtle seizures can have cumulative 
detrimental sequences for cognition (Aldenkamp and Arends, 2004b). The 
negative effect of history of status epilepticus or greater lifetime number of 
generalized tonic-clonic seizures on cognitive functioning was described several 
decades ago (Dodrill, 1986). Memory impairment in TLE has been associated 
with continuing and high frequency of seizures (Hendriks et al., 2004).  

Studies of patients with newly diagnosed epilepsy prior to treatment have 
been used in order to estimate the effect of seizures on cognition (Dodrill, 
2004). In this paper Dodrill reviewed 22 studies examining the effect of seizures 
on mental abilities in patients with newly diagnosed epilepsy. The results were 
somewhat contradictory but in 12 out of 22 studies a relationship between 
seizures and a decline in mental abilities were found (Dodrill, 2004).  

The other aspect that these studies have revealed is that cognitive deficits are 
already present at the onset of epilepsy. Patients with previously untreated 
newly diagnosed focal and generalized epilepsy perform worse than healthy 
volunteers on measures of several cognitive domains: attention, concentration, 
motor function, mental flexibility, psychomotor speed, and especially memory 

5
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and learning (Kälviäinen et al., 1992; Prevey et al., 1998; Pulliainen et al., 
2000; Äikiä et al., 2001; Taylor et al., 2010). Prevey et al. found that patients 
with secondarily generalized seizures have the greatest impairment (Prevey et 
al., 1998). Furthermore, it has been hypothesized that at least in children 
cognitive and behavioural changes may even precede the first seizure (Austin et 
al., 2001; Berg et al., 2005). This points to the possibility that cognitive 
disturbances are not a mere result of seizures but are related to the epileptogenic 
process itself. This idea is supported by the finding that cognitive performance 
at the beginning of epilepsy may serve as a predictive factor for seizure 
outcome (Äikiä et al., 1999).  

Seizures seem to play a critical role in the development of neuro-
psychological and behavioural problems, as described above, but other 
epilepsy-related factors have also been associated with cognitive disturbances. 
In children with TLE earlier onset of epilepsy is associated with poorer 
intellectual outcome (Cormack et al., 2007). Younger age at seizure onset has 
been associated with less favourable cognitive outcome in adults with TLE 
(Äikiä et al., 2001; Lespinet et al., 2002) and with differential impairment 
profiles depending upon differences of age at epilepsy onset in FLE (Upton and 
Thompson, 1997).  

Temporal course and long-term outcome of cognitive function in epilepsy 
has been an issue for a debate. Due to methodological problems the separation 
of the effect of younger onset from longer duration of illness is difficult to 
achieve – these factors may be collinear and may be affected by several 
confounding factors, e.g. accumulating number of experienced seizures, the 
influence of ageing on cognitive functions etc. (Lin et al., 2012). In many cross-
sectional studies longer duration of epilepsy has been associated with worsening 
mental status (Jokeit and Ebner, 1999; Oyegbile et al., 2004). In a large cross-
sectional study of verbal memory and learning 1156 patients with chronic TLE 
were compared to 1000 healthy control subjects (Helmstaedter and Elger, 
2009). The authors found that the learning peak was seen earlier in patients with 
epilepsy than for controls. They hypothesize that “initial hit” may disturb the 
build-up of adequate learning and memory performance in the adolescence. 
Decline in performance with ageing in patients and controls runs in parallel but 
due to the initial distance between the groups, patients reach very poor 
performance levels much earlier than controls (Helmstaedter and Elger, 2009).  

In fewer longitudinal studies a decline in cognitive functions has been 
described. Currently the longitudinal studies cover the time period up to 10 
years and indicate that global measures of intelligence remain quite stable over 
these years (Holmes et al., 1998). Nevertheless, there is progressive decline in 
some neuropsychological measures, namely memory (Helmstaedtler et al., 
2003), psychomotor speed (Taylor and Baker, 2010), and higher executive 
functioning (Baker et al., 2011).  

When PWE are compared to a control group in longitudinal studies of 
neuropsychological function a lack of practice effects has been repeatedly noted 
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(Hermann et al., 2006; Baker et al., 2011). Control participants show a broad 
test-retest improvement over time, while PWE exhibit a minimal or lacking 
practice effect (Hermann et al., 2008; Lin et al., 2012).  

It seems that not all patients with TLE are affected equally, but there may be 
a subgroup of patients (approximately 30%) with more pronounced cognitive 
dysfunction (Kälviäinen et al., 1992). This subset of patients has wider and 
more severe distribution of neuropsychological dysfunction involving executive 
functions and memory; and this subset has different cognitive trajectory over a 
4-year interval (Hermann et al., 2006; Hermann et al., 2007).  

It can be concluded that although epilepsy may not be directly related to 
dementia per se (Helmstaedtler and Elger, 1999 and 2009), persons with 
epilepsy seem to enter their elder years at a distinct cognitive disadvantage what 
could be characterized as age-accelerated cognitive pathological damage (Lin et 
al., 2012).  

Temporal lobe epilepsy is the most prevalent and frequently treatment 
resistant epilepsy syndrome in adults and therefore, research on cognitive 
functioning in patients with epilepsy has concentrated on the TLE. Since the 
hippocampus and the neighbouring rhinal cortex are major components of the 
frontotemporal system, which is involved in the formation of episodic 
declarative memory, a large proportion of research has evolved around memory 
function in TLE (Elger et al., 2004). This led to the concept of a complex of 
neuropsychological symptoms related to the syndrome of mesial TLE, with 
material specific memory disturbances playing a leading role (Helmstaedter, 
2002). Patients with TLE have been described to have more memory 
impairments than patients with extratemporal or generalized epilepsy (Bergin et 
al., 2000). Left-sided TLE is associated with deficits in verbal memory 
functions (Giovagnoli and Avanzini, 1999), but the corresponding assumption 
that right-sided TLE would be linked to deficits in non-verbal memory has not 
been so uniformly proven (Helmstaedter et al., 1991; Hermann et al., 1997). 
The frequent absence of non-verbal memory impairment in patients with right-
sided TLE may be explained by covert verbalization strategies in tests of non-
verbal memory, or by more widespread organization of non-verbal memory 
(Elger et al., 2004). Later studies have indicated that neuropsychological 
changes in TLE are not limited to hippocampal functions but extend to a much 
wider cognitive profile (Bell et al., 2011). Besides dysfunction in material 
specific memory, impairment in intellectual functions, language, psychomotor 
speed, and higher executive function have been described (Oyegbile et al., 
2004). The existence of concept of material specificity in TLE has been 
questioned (Saling, 2009).  

Frontal lobe epilepsy as the second most frequent focal type of epilepsy has 
gained less attention and as frontal lobes are functionally heterogeneous, a 
consistent uniform cognitive profile of FLE has been difficult to establish (Elger 
et al., 2004). FLE is associated with a more diffuse pattern of cognitive 
disturbances – deficits in motor coordination and planning, reduced attention 
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span, and difficulties in response inhibition in complex cognitive tasks in 
patients with FLE have been reported (Patrikelis et al., 2009). The possibility of 
using neuropsychological testing to differentiate between patients with frontal 
and temporal lobe epilepsy has been considered (McDonald et al., 2005). When 
patients with FLE are compared to patients with TLE, impaired motor 
coordination and response inhibition have been identified (Helmstaedter et al., 
1996). Exner and colleagues found that frontal and temporal epilepsy subjects 
differed on only one subtest of memory, where patients with FLE demonstrated 
a significantly reduced verbal short term memory span compared to patients 
with TLE (Exner et al., 2002). A summary of this study stated that as both 
epilepsy groups showed wide array of impairment in most measures 
(intelligence, memory, executive functions, and emotional conceptualization), 
there were no distinguishable neuropsychological profiles for these groups 
(Exner et al., 2002). These global and overlapping impairments have been 
explained by the reciprocal connections between prefrontal, temporal, and 
limbic areas (Patrikelis et al., 2009). Also, studies comparing patients with left-
sided vs right-sided FLE have had contradictory results. Some studies have 
indicated that executive functions are more disturbed in patients with left-sided 
FLE (McDonald et al., 2005), other studies associate greater dysfunction with 
right-sided FLE (Upton and Thompson, 1996).  

There are even fewer studies addressing cognitive functioning in adults with 
idiopathic generalized epilepsies (Hommet et al., 2006). In patients with 
juvenile myoclonic epilepsy (JME) a specific cognitive profile has been 
described which indicates the role of frontal lobe dysfunction and has been 
named the dysexecutive syndrome (Schmitz et al., 2013). Disturbances of 
prefrontal functions, such as concept formation, abstract reasoning, mental 
flexibility, cognitive speed, planning, and organization have been described 
(Piazzini et al., 2008). In some studies the impairment has been showed to 
extend to functions outside the limits of frontal lobes – e.g. verbal and visual 
memory (Sonmez et al., 2004; Pascalicchio et al., 2007).  

Cognitive disturbances are related to morphological changes on imaging 
studies. Hippocampal cell loss was associated with memory impairment in 
patient with TLE a long time ago (Sass et al., 1992). Hippocampal volumes on 
the MRI were correlated with pre- and postoperative memory performance in 
patients with TLE undergoing surgical treatment (Trenerry et al., 1993). This 
was later confirmed on fMRI studies which indicated that greater activation in 
the damaged hippocampus was correlated with better memory performance 
preoperatively and greater memory decline postoperatively (Powell et al., 2007; 
Bonelli et al., 2010). It has become evident that as cognitive changes in patients 
with TLE are not limited to hippocampal functions but may extend to a much 
wider and diffuse neuropsychological profile, the imaging studies have also 
revealed extensive metabolic and volumetric changes in case of TLE outside the 
borders of the temporal lobe (Bell et al., 2011). Atrophy has been found in 
enthorhinal cortex and amygdala (Salmenperä et al., 2001), fornix (Kuzniecky 
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et al., 1999), parahippocampal gyrus (Bernasconi et al., 2003), basal ganglia 
(Dreifuss et al., 2001), thalamus (Natsume et al., 2003; Szabo et al., 2006), and 
cerebellum (Sandok et al., 2000). Diffuse neuroanatomical changes in TLE are 
in correlation with diffuse neuropsychological impairments (Dabbs et al., 
2009). It has been hypothesized that cognitive impairment in TLE is a result of 
network disruption rather than specific damage to a specific brain structure 
(Bell et al., 2011).  

Similar correlations between morphological changes and cognitive 
dysfunction have been found in patients with JME (Wandschneider et al., 
2012). In one study subjects with JME had significantly lower thalamic 
volumes and more frontal cerebrospinal fluid than control subjects, and these 
changes were in correlation with related executive functioning (Pulsipher et al., 
2009). In another study using structural and diffusion tensor MRI, fractional 
anisotropy in the supplementary motor area predicted performance in word 
naming and expression tasks and grey matter volumes of the posterior cingulate 
cortex correlated with scores on the mental flexibility task (Muircheartaigh et 
al., 2011).  

Controversies around the cognitive effects of AEDs have set the stage for 
long-lasting discussion. On one hand, as described above, recurrent seizures and 
even epileptiform EEG discharges have been shown to have negative effect on 
cognition. It would therefore suggest that AED therapy would improve 
cognition in PWE – an idea that has been proven in several studies (Holmes and 
Lenck-Santini, 2006). On the other hand there are numerous reports of cognitive 
side-effects of AEDs’ and high number of patients associating their cognitive 
complaints with AED side-effects (Baker et al., 1997; Kerr, 2012).  

There are general treatment-related factors that are associated with increased 
risk for developing drug-induced cognitive and psychiatric complications in 
PWE. These include rapid titration of the drug, polypharmacy, a history of 
psychiatric disorder, and limbic system functional or structural abnormalities 
(Mula and Monaco, 2009; Lin et al., 2012). Different AEDs carry different risks 
for cognitive impairment but generally, older AEDs have worse effect on 
cognition than newer AEDs (Drane and Meador, 2002). Impaired attention, 
vigilance, and psychomotor speed have been the main cognitive effects 
associated with AEDs (Park and Kwon, 2008). Concerning individual drugs, 
topiramate has been considered as the most problematic drug, with cognitive 
impairments being reported to be greater for topiramate than for lamotrigine, 
valproate, tiagabine, and oxcarbazepine (Meador et al., 2003; Fritz et al., 2005; 
Blum et al., 2006; Kim et al., 2006).  

Memory functions in patients with treatment resistant TLE have been 
extensively studied in the last decades. This is not the case for other types of 
epilepsies.  

 

 

6
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2.6. Epilepsy, perceived cognition and subjective 
complaints  

Simultaneously to findings of cognitive impairment on neuropsychological 
assessment, PWE themselves report different complaints regarding their 
cognitive functioning, including decreased levels of attention, slowness of 
thinking, and poor memory (Engelberts et al., 2002; Moore and Baker, 2002). 
Even in a study of patients with well-controlled epilepsy 67% of the subjects 
reported moderate to severe subjective complaints and cognitive complaints 
were the most frequent among these (Uijl et al., 2006). In the epilepsy and 
cognitive function survey conducted by the IBE (IBE, 2004) the most 
frequently reported problems by PWE were difficulties learning something new, 
slowness of thought, sleepiness/tiredness, and lethargy/sluggishness. 
Importantly, 56% of patients associated their cognitive impairment with their 
epilepsy medication (IBE, 2004). This association has been found in other 
studies as well (Carpay et al., 2005).  

Studies have shown that perceived memory status of epilepsy patients is 
significantly lower than that of controls and that the prevalence of subjective 
memory problems in the case of epilepsy can be as high as 50% (Hendriks et 
al., 2002). The majority of studies of subjective complaints in epilepsy patients 
has concentrated on memory problems. It has been shown that there are very 
few epilepsy-related factors influencing the amount of subjective complaints. 
Different studies have shown somewhat contradictory results about the 
association of seizure type and frequency, type of epilepsy and antiepileptic 
treatment, and localization or lateralization of the epileptic disturbances with 
memory complaints. The identified factors associated with increased levels of 
complaints could be polytherapy – when complaints are assessed in the frame of 
AED side-effects (Uijl et al., 2005), later onset of seizures (Thompson and 
Corcoran, 1992; Corcoran and Thompson, 1993) and older age of patients 
(Hendriks et al., 2002). The last mentioned study demonstrated that patients of 
older age and higher intelligence level and with longer duration of epilepsy 
complained more about memory problems. Other factors showing clear 
association with subjective memory complaints are neuroticism, anxiety and 
depression (Thompson and Corcoran, 1992; Corcoran and Thompson, 1993; 
Hendriks et al., 2002).  

Paradoxically, there are only moderate correlations between self-reported 
memory complaints and results of neuropsychological memory tests 
(Vermeulen et al. 1993; Piazzini et al., 2001; Fargo et al., 2004; Hall et al., 
2009; Marino et al., 2009). It has been found that 61% of patients with epilepsy 
estimate their cognitive abilities inaccurately, and among these patients with 
incomplete awareness of their abilities, under- and over-estimators are divided 
about evenly (Giovagnoli, 2013). There are different causes that are suggested 
to explain the discrepancy between subjective and objective memory status. 
Once again, epilepsy-related factors seem to have minor impact on the 
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association between subjective and objective measures of memory (Sawrie et 
al., 1999; Piazzini et al., 2001).  

In few studies that have reported the relationship between subjective and 
objective memory in control subjects, measures were significantly correlated in 
control subjects (Piazzini et al., 2001), and controls were more accurate at 
rating their memory than people with right hemisphere epileptogenic lesions 
(Andelman, et al, 2004).  

Helmstaeder and Elger have suggested that attribution of memory refers to a 
subjective view of memory which is wider than its neuropsychological 
definition. In their work they have demonstrated that memory is preferentially 
concluded from verbal behaviours (including vocabulary, word fluency) 
(Helmstaeder and Elger, 2000).  

Rayner and colleagues reported that memory complaints were predicted by 
objective memory function and depression in patients with mesial temporal lobe 
refractory epilepsy and by history of depression and not objective dysfunction 
in patients with non-mesial temporal lobe refractory epilepsy (Rayner et al., 
2010).  

One of the reasons for this discrepancy could be concurrent depression 
(Piazzini et al., 2001; Fargo et al., 2004; Marino et al., 2009). In a study 
assessing the influence of cognitive, psychosocial, and emotional factors on 
self-reported cognitive functioning in patients with temporal lobe epilepsy, it 
was demonstrated that psychosocial and emotional factors appeared to be 
significant predictors of subjective cognitive functioning (Banos et al., 2004). It 
has been shown that patients with TLE who report to be more depressed 
underestimate their memory function, although their actual memory 
performances with neuropsychological testing does not differ from those 
patients who do not indicate that they are depressed (Deutsch et al., 1996). 
Elixhauser et al. have also shown that objective memory performance in 
patients with epilepsy was weakly correlated with perceived cognitive 
functioning but perceived functioning was strongly correlated with mood 
(Elixhauser et al., 1999).  

So far, investigation in this field has concentrated mainly on memory 
problems and mostly on cases of intractable temporal lobe epilepsy. Since 
subjective cognitive complaints can affect the patient’s quality of life and be 
one of the most important signs for the clinician, a wider analysis of subjective 
cognitive problems and objective test results in the case of various forms of 
epilepsy could be helpful in clinical situations.  
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2.7. Epilepsy and depression  

Great amount of burden related to epilepsy is associated with psychiatric 
comorbidities (Hesdorffer and Krisnamoorthy, 2011). Psychiatric disorders, 
including depression, anxiety, attention-deficit hyperactivity disorder and 
psychoses are common in patients with epilepsy (Gaitatzis et al., 2004).  

Depression is the most common psychiatric disorder among PWE and occurs 
at a higher rate among people with epilepsy compared to the general population 
(Kanner, 2003). The prevalence rates are the lowest in large population based 
epidemiological studies and the highest in cross-sectional studies of tertiary care 
samples of patients with epilepsy (Hoppe and Elger, 2011). In smaller cross-
sectional studies the life-time prevalence of major depression has been shown to 
vary between 8–48% (Hermann et al., 2000). In a population-based study in the 
frame of the Canadian Community Health Survey involving 36,984 subjects 
Tellez-Zenteno and colleagues found that lifetime prevalence of major 
depressive disorder in patients with epilepsy was 17.4% versus 10.7% in the 
general population (Tellez-Zenteno et al., 2007). In the same study it was 
shown that patients with epilepsy have a 24.4% lifetime prevalence for any type 
of mood disorder versus 13.2% among the general population and that the 
lifetime prevalence of suicidal ideation is twice as high in patients with epilepsy 
(25%) compared with that of the general population (13.3%) (Tellez-Zenteno et 
al., 2007). Similar findings have been reported in population based studies in 
UK (Rai et al., 2012) and US (Kessler et al., 2012). In the study by Rai and 
colleagues associations between psychiatric disorders and epilepsy were 
consistently stronger than associations with psychiatric problems in people with 
asthma or diabetes (Rai et al., 2012). In a recent meta-analysis all included 
studies indicated uniformly increased active depression prevalence rates and 
life-time depression prevalence rates for PWE compared to general population 
(Fiest et al., 2013).  

Epilepsy is associated with increased risk of suicide (Meador, 2009; Bell and 
Sander, 2009). Suicidal ideation, attempted, and completed suicide rates have 
been reported to be significantly more prevalent in PWE compared to general 
population (Jones et al., 2003; Pompili et al., 2005). Higher risk of suicide is 
reported in patients with epilepsy and concurrent psychiatric disorders (Nilsson 
et al., 2002). In a large Danish population based study PWE were found to be at 
three times higher risk of committing suicide than controls and the risk ratio 
remained significantly higher after excluding individuals with a history of 
psychiatric disease and adjusting for socioeconomic factors (Christensen et al., 
2007).  

The controversial issue of depression phenotype in PWE revolves around the 
concept of interictal dysphoric disorder (IDD) (Mula, 2011). This implies to the 
atypical phenomenology of depression in PWE. It has been observed that in a 
subset of patients with epilepsy the concurring psychopathology has some 
unique manifestations that are poorly reflected by conventional criteria 
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(Krishnamoorthy et al., 2007). Blumer et al. emphasized the key symptoms of 
mood disorders seen in PWE as periodicity of mood changes and the presence 
of outbursts of irritability and aggressive behaviour (Blumer et al., 2004). Later 
studies have confirmed that the concept of IDD represents a homogenous 
construct that can be diagnosed in a proportion of PWE but it is not typical only 
of epilepsy, occurring also in other central nervous system disorders such as 
migraine (Mula et al., 2008). It has been hypothesized that a number of these 
atypical and pleomorphic features attributed to IDD are related to peri-ictal 
symptoms and are therefore specific only to patients with epilepsy (Kanner et 
al., 2012).  

For a long time the etiology of depression in epilepsy has been thought to be 
associated with psychosocial factors. It is clear that chronic stress associated 
with epilepsy can bring about feelings of unpredictability and uncertainty, low 
self-esteem, feelings of shame, stigma, and various social problems which may 
affect the development of depression in PWE. Attributional style and learned 
helplessness have been associated with greater rates of depression in PWE 
(Hermann et al., 2000) 

Associations between several epilepsy related factors and depression have 
been searched but the findings have been quite inconsistent and contradictory 
(Hoppe and Elger, 2011). Frequency of seizures has been the factor that has 
shown greater consistency across multiple studies, although not always 
(O’Donoghue et al., 1999; Attarian et al., 2003; Grabowska-Grzyb et al., 2006). 
Age at onset, duration of epilepsy, and focus lateralization have not been 
consistently associated with depression in epilepsy (Adams et al., 2008; Filho et 
al., 2008; Babu et al., 2009; Fuller-Thomson and Brennenstuhl, 2009). In 
several studies, higher depression rate was found in patients with temporal lobe 
seizure foci and was compatibly explained by limbic system dysfunction in 
these patients (Altshuler et al., 1999). Conversely, in other studies the excess of 
psychiatric symptoms in patients with TLE vs. extra-TLE has not been found 
(Swinkels et al., 2006).  

More recently, it has become apparent that depression in epilepsy may be 
directly related to dysfunction of brain regions involved in mood regulation. 
Hippocampal atrophy has been found to be associated with the presence of 
depression (Shamim et al., 2008; Salgado et al., 2010; Briellmann et al., 2011) 
and decrease of amygdala volumes may be related to dysphoric symptoms in 
patients with TLE (Elst et al., 2009).  

Partly, the evidence to support the idea that depression in epilepsy may be 
more than a reactive process and that these disorders may share the common 
neurobiological basis, came from studies indicating that depression may 
precede epilepsy. In their renowned paper Forsgren and Nyström reported that 
depression was seven times more common among patients with new onset 
epilepsy, preceding the diagnosis of epilepsy, than among age- and sex-matched 
controls (Forsgren and Nyström, 1990). Similar results were later replicated by 
Hesdorffer and colleagues who found that depression was associated with a 
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fourfold increased risk for developing a first unprovoked seizure in older adults 
(Hesdorffer et al., 2000). The presence of a psychiatric disorder, such as 
depression, has been shown to reduce seizure threshold, and depression and 
attempted suicide themselves are risk factors for epilepsy (Hesdorffer et al., 
2006; Alper et al., 2007). It was shown that psychiatric pathology could be a 
risk factor for the development of unprovoked seizures and epilepsy in children 
(McAfee et al., 2007). These findings have led to the concept of a bidirectional 
relation between epilepsy and depression (Kanner, 2005). Thus, epilepsy may 
lead to depression and vice versa. More recently, Hesdorffer et al. demonstrated 
that psychiatric disorders (psychosis, depression, and anxiety) and suicidality 
were associated with increased risk for developing epilepsy, and following a 
diagnosis of epilepsy, the risk for developing the psychiatric disorders was 
increased (Hesdorffer et al., 2012), confirming the possibility of bidirectional 
relationship between epilepsy and depression. 

Neuropsychological studies have reported that depression itself can affect a 
wide range of cognitive abilities, especially executive functions (Murrough et 
al, 2011) Patients with depression are more likely to have impaired cognitive 
speed, episodic memory and learning, verbal fluency, naming ability, planning, 
attention, and problem solving impairment compared to subjects without 
depression (Austin et al., 2001; Stordal et al., 2004; Mondal et al., 2005).  

The relationship between depression and cognitive functioning in PWE has 
been poorly studied. Paradiso et al. (Paradiso et al., 2001) demonstrated that 
patients with TLE concurrent with depression performed significantly poorer on 
measures of intelligence, language, visuo-perceptual ability, memory and 
executive function than patients with TLE without depression. In addition, these 
authors found that effects of depression on cognition may be greater in patients 
with left TLE. Conversely, Tracy et al. (Tracy et al., 2007) found no 
relationship between cognition and depression in patients with TLE. In patients 
with newly diagnosed epilepsy depression and negative mood states were not 
associated with cognitive measures in a study by Pulliainen et al. (Pulliainen et 
al., 2000) and more recently by Taylor et al. (Taylor et al., 2010). Helmstaedter 
and colleagues (Helmstaedter et al., 2004) found that depression and memory 
deficits were correlated only in patients with left lateral temporal focal epilepsy. 
A study of patients with FLE undergoing surgical treatment showed that 
patients with depressed mood before surgery had greater difficulty on a mental 
flexibility task compared to patients without depression and only pre-surgical 
depression status explained a significant amount of variance in executive 
functioning performance after surgery in regression analysis (Dulay et al., 
2012). Although the results of studies assessing the influence of depression on 
cognitive function in PWE have been contradictory, it has been hypothesized 
that as depression is known to cause several disturbances in cognitive 
functioning, patients with epilepsy could be at a heightened risk of a double 
burden.  
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Although, psychiatric comorbidities in epilepsy have gained increasing 
attention in recent years, it has been concluded that depression in PWE is 
common, can be severe, is still underdiagnosed and under-/untreated (Barry et 
al., 2008). As noted above, this issue is important, as the presence of depression 
is likely to be the most important factor influencing quality of life in patients 
with epilepsy (Cramer et al., 2003a; Boylan et al., 2004; Kwan et al., 2008), 
and can negatively impact both medical and surgical treatment outcomes 
(Hitiris et al., 2007: Kanner et al., 2009; Metternich et al., 2009). It can 
influence the subjective complaint rate, can increase perceived seizure severity 
(Cramer et al., 2003b), and is associated with higher rates of AED side-effect 
reporting (Carpay et al., 2005). Depression, and especially untreated depression, 
is associated with work absenteeism, increased health care system utilization, 
and increased medical costs in PWE (Cramer et al., 2004; Lacey et al., 2009).  

Few reports on influence of depression on cognitive dysfunction in PWE 
have given contradictory results and have been rarely investigated.  
 
 

2.8. Role of the serotonergic system  

There is a growing body of evidence that epilepsy, depression and possibly 
other neuropsychiatric disorders may share common pathogenetic mechanisms 
(Kondziella et al., 2007). Besides the hyperactivity of hypothalamic-pituitary-
adrenal (HPA) axis, disturbances of glutamate and -aminobutyric acid (GABA) 
metabolism, the dysfunction of the brain serotonin (5-hydroxytryptamine or 5-
HT) system has been suspected to be the common denominator for these shared 
pathogenic mechanisms (Kanner, 2011).  

Alterations in serotonergic signalling are associated with the pathogenesis of 
depression in otherwise healthy patients with major depressive disorder – 
findings that are clinically supported by the effect of selective serotonin 
reuptake inhibitors (SSRIs) in the treatment of depression. Several neuro-
imaging studies using different positron emission tomography (PET) or single 
photon emission tomography (SPET) tracers for various components of 
serotonergic system in the brain have supported the involvement of 5-HT in 
major depressive disorder. These alterations include increased serotonin 
transporter (SERT) binding in the thalamus and limbic regions (Meyer, 2007), 
or decreased brainstem and midbrain SERT binding (Malison et al., 1998; 
Lehto et al., 2006; Parsey et al., 2006), as well as reduced 5-HT1A receptor 
binding potential in various limbic and neocortical regions and the raphe nuclei 
(Drevets et al., 1999).  

Mounting research implicates the serotonin system in relation to depression 
and epilepsy. Depression-like behaviour has been observed in various animal 
models of epilepsy (Kanner et al., 2012). Strains of GEPR have been reported 
to express affective disturbances manifested by decreased saccharin 
consumption in the saccharin consumption test and increased immobility time 



28 

in the forced swim test (Jobe, 2003). Similar findings have been described for 
models of acquired epilepsy, for example the lithium and pilocarpine-induced 
status epilepticus model (Mazarati et al., 2008). In their work, the depression-
like behaviour was associated with a decrease of 5-HT concentrations and 
turnover in the hippocampus. In line with these findings, several experimental 
models have proved that SSRIs may have anticonvulsant properties in animal 
studies (Igelstrom, 2012). Using the post-status epilepticus model, which is 
considered to be one of the best models of chronic epilepsy, Hernandez et al. 
found that five days fluoxetine treatment inhibited spontaneous recurrent 
seizures after pilocarpine-induced status epilepticus (Hernandez et al., 2002). In 
another study four days of citalopram treatment reduced seizure frequency and 
cumulative seizure duration in the post-kainic acid-induced status epilepticus 
model (Vermoesen et al., 2012).  

Similarly, in humans, there are studies where the anticonvulsant effects of 
SSRIs have been confirmed, such as Favale et al. (Favale et al., 2003). In this 
study, citalopram was administered to non-depressed patients with poorly 
controlled epilepsy who then experienced a marked drop in seizure frequency 
(Favale et al., 2003).  

While SSRIs show anticonvulsant properties, several AEDs are efficacious 
in the management of affective disorders. Valproate, carbamazepine and 
lamotrigine are proven to be effective mood stabilizers.  

Previous neuroimaging studies have used PET tracers for 5-HT1A receptors 
to investigate the role of the serotonergic system in epilepsy and depression. 
These studies have concentrated on patients with both TLE and depression and 
have shown reduced 5-HT1A receptor binding potential in the ipsilateral 
temporal lobe as well as in thalamic regions, hippocampus, anterior insula, 
anterior cingulate, and the raphe nuclei in the depressed patients (Savic et al., 
2004; Hasler et al., 2007; Theodore et al., 2007; Lothe et al., 2008). An inverse 
correlation between increased severity of symptoms of depression and 5-HT1A 
receptor binding has been described in some of these studies (Hasler et al., 
2007; Theodore et al., 2007).  

A recent PET study investigated SERT binding properties in addition to 5-
HT1A receptor binding in TLE (Martinez et al., 2013). Besides 5-HT1A receptor 
binding reductions in the hippocampus and other limbic areas on the 
epileptogenic side, the authors reported that diagnosis of depression was 
associated with SERT binding asymmetry in the insular cortex (Martinez et al., 
2013). 

Thus, in TLE patients with depression, there appear to be alterations in the 
serotonergic system not only in the brain regions affected by epilepsy, but also 
more generally in ipsilateral and contralateral areas associated with regulation 
of emotion, changes that are similar to those described in patients with major 
depressive disorder alone.  

2-((2-((dimethylamino)methyl)phenyl)thio)-5-(123)iodophenylamine (123I-
ADAM) is a novel SPET tracer that has shown a high binding affinity for SERT 
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as well as high selectivity for 5-HT transporter over those for norepinephrine 
and dopamine, and which has been proven to have excellent brain uptake in rats 
(Oya et al., 2000). Subsequently, other studies demonstrated the feasibility of its 
use in human subjects (Lin et al., 2006; Frokjaer et al., 2008; Chou et al., 2009; 
van de Giessen and Booij, 2010). Newberg et al. (Newberg et al., 2005) used 
SPET to demonstrate alterations in SERT binding in patients with major 
depression; in this study, SERT binding was decreased in the midbrain region of 
patients with major depressive disorder and the degree of decrease correlated 
significantly with the severity of depressive symptoms (Newberg et al., 2005). 
These findings were generally corroborated by a later study by the same group 
using a larger sample size (Newberg et al., 2012).  

So far, there is only one study of SERT binding in patients with TLE and 
questions regarding functions of SERT and symptoms of depression in patients 
with epilepsy remain unclear.  

8
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3. AIMS OF THE STUDIES  

1.  To describe the cognitive profile of patients with epilepsy. To investigate if 
cognitive performance of patients with epilepsy is different from that of 
control subjects’ and whether the cognitive profile of patients with focal 
epilepsy is different from cognitive profile of patients with generalized 
epilepsy (Paper I).  

 
2. To describe the effect of epilepsy related factors on cognitive performance 

(Paper I).  
 
3.  To investigate whether depression affects neuropsychological functioning of 

patients with various forms of epilepsy compared to control subjects (Paper 
I).  

 
4.  To compare subjective complaints of epilepsy patients with objective results 

of neuropsychological assessment (Paper II).  
 
5.  To describe factors influencing the relationship between subjective and 

objective cognitive performance and to investigate the possible influence of 
depression on self-reported complaint rate (Paper II).  

 
6.  To investigate SERT binding in the midbrain of patients with epilepsy with 

symptoms of depression, and to determine differences in SERT binding 
compared to patients with epilepsy without symptoms of depression (Paper 
III).  
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4. SUBJECTS AND METHODS  

This study was approved by the Research Ethics Committee of the University of 
Tartu. For all studies the participants gave their signed informed consent in 
order to be included in the study.  
 
 

4.1. Subjects  

4.1.1. Subjects for the studies on objective and  
perceived cognitive functioning and depression  

Patients with epilepsy from the Department of Neurology out-patient clinic of 
Tartu University Hospital were included in the study. The diagnosis of epilepsy 
was confirmed by clinical data, EEG study, and in majority of cases MRI study. 
The diagnosis was confirmed by an experienced neurologist who was member 
of the study team.  

Patients considered for inclusion had to meet the following criteria: (1) Age 
between 18 and 65 years; (2) no other neurological diseases; and (3) native 
Estonian speaking person. Since the study was carried out during the time when 
the dichotomous classification of epilepsy syndromes by the ILAE (ILAE 1981; 
1989) was valid, patients were divided into groups of focal and generalized 
epilepsy (based on medical history, clinical data, and investigations). Patients 
with questionable diagnosis of epilepsy were not included in the study, as well 
as patients who were intellectually and cognitively incapable of filling the 
questionnaires and Beck Depression Inventory (BDI). All efforts were made to 
include all consecutive patients to the study.  

The control group for the neuropsychological assessment consisted of 53 
healthy volunteers who were recruited during the test validation process and 
studies regarding cognitive assessment in patients with multiple sclerosis in 
West-Tallinn Central Hospital by Liina Vahter (Vahter, 2009). The control 
group did not statistically differ from the patient group by sex, age, or years of 
formal education. Control subjects had no history of seizures or other 
neurological disorders.  
 

4.1.2. Subjects for the 123I-ADAM SPET study of SERT binding  

For the 123I-ADAM SPET study of SERT binding patients with epilepsy were 
included from the out-patient clinic at the Department of Neurology of Tartu 
University Hospital and West-Tallinn Central Hospital, Estonia. Patients were 
otherwise healthy, with no history of other neurological disorders except 
epilepsy, and did not use antidepressant medications prior to this study.  
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In this study, all patients with symptoms of depression were consulted 
regarding their affective symptoms, and treatment with antidepressant 
medications was offered following the 123I-ADAM SPET study. 

 
 

4.2. Methods  

4.2.1. Neuropsychological screening  

Objective neuropsychological status was screened with a battery of tests mainly 
based on the Brief Repeatable Battery of Neuropsychological Tests (Boringa et 
al., 2001).  

Verbal memory was assessed by the Buschke Selective Reminding Test 
(BSRT), which is a test to measure verbal learning and memory during a six 
trial list learning task (Buschke and Altman Fuld, 1974). Short-term and long-
term components as well as consistency of retrieval from long-term memory 
was evaluated.  

Visual memory was assessed by the 10/36 Spatial Recall Test. 10/36 Spatial 
recall test is an adapted version of the 7/24 test with a wider checkerboard (6  
6) and 10 checkers. It allows the assessment of visuospatial learning and 
delayed recall. The exact methodology of the test has been described elsewhere 
(Boringa et al., 2001).  

Symbol Digit Modalities Test (SDMT) was used to examine sustained 
attention and concentration by complex visual scanning and tracking. A series 
of nine meaningless geometric symbols labelled 1–9 were presented to the 
subject. The subject was then asked to substitute the symbols in a row by the 
corresponding number during a 90 seconds period. The score is the number of 
correct substitutions.  

Word List Generation test evaluates the spontaneous production names of a 
given category within a limited amount of time. The subjects were asked to give 
as many names of “animals” as possible during 90 seconds. For the verbal 
fluency test the subjects were asked to give as many words beginning with a 
designated letter as possible within a 90 seconds period as well.  

Trail Making A and B Tests allow the assessment of visual search, scanning, 
speed of processing, mental flexibility, and executive functions (Lezak, 2004). 
 

4.2.2. Subjective complaints questionnaire  

Subjective complaints of the patients were assessed using a simple subjective 
complaints questionnaire (Toomela et al., 2004) which was modified for this 
particular study adding epilepsy specific items (Appendices A and B). Items for 
the questionnaire were selected with the purpose to describe the general and 
cognitive subjective complaint rate. The questionnaire consisted of thirteen 
items where patients had to assess the presence and the degree of different 
complaints on a four-point scale, where higher scores were indicative of a 



33 

higher degree of subjective complaints (from 1 (never) to 4 (constantly)). The 
questionnaire included questions about possible problems with forgetting, 
retrieving information from the memory, attention, speech, mood, dizziness, 
coordination, vision, fatigue, headache, and pain.  

Scores for the items were analysed separately and total score of the 
questionnaire was calculated.  
 

4.2.3. Assessment of symptoms of depression  

In all parts of the study patients were screened for self-reported symptoms of 
depression using the Beck Depression Inventory (BDI) (Beck et al., 1961). A 
cut-off score of > 11 points was used to define presence of depressive symptoms.  

Additionally, in the 123I-ADAM SPET study the Emotional State Question-
naire (EST-Q) was used (Aluoja et al., 1999). EST-Q is a self-report question-
naire for depression and anxiety that uses the rating of 33 items on a five-point 
frequency scale. This questionnaire has five subscales: depression, anxiety, 
agoraphobia–panic, fatigue, and insomnia. As recommended, a cut-off score of 
> 11 points was used to define the presence of symptoms of depression on the 
EST-Q depression subscale (Ööpik et al., 2006).  

In the SPET imaging of SERT study questionnaires were administered 
directly before the start of the 123I-ADAM SPET imaging session.  
 
 

4.2.4. SPET imaging of SERT  

The serotonin transporter (SERT) binding potential was examined by 
performing brain SPET study with 2-((2-((dimethylamino)methyl)phenyl)thio)-
5-(123)iodophenylamine (123I-ADAM). The subjects received a dose of 185 
MBq 123I-ADAM (MAP Medical Finland) intravenously. To block the thyroid 
gland, potassium perchlorate (KClO4; 800 mg) was given orally at least 20 min 
prior to the injection of 123I-ADAM. Brain SPET studies were acquired 4 hours 
after the injection of 123I-ADAM.  

SPET studies were performed using a SPET/CT INFINIA Hawkeye 4 (GE 
Healthcare) dual head gamma camera with low energy high-resolution 
collimators (Lehr collimators). The energy window was centered on 159 keV 
(+/–10%). SPET scans were acquired in a step and shoot mode with total 
angular range of 360 degrees thereby arc per detector being 180 degrees. View 
angle 3 degrees, 120 views, 30 sec per projection. Acquisition time was 30 min. 
Matrix size was 128 x 128, with a zoom of 1.0.  

Data were reconstructed using the Xeleris Functional Imaging Workstation 
software (GE Healthcare). Transverse slices were reconstructed parallel to the 
canthomental plane. SPET data were reconstructed using a Butterworth filter 
(critical frequency 0.4, power 6), followed by the Chang attenuation correction 
(threshold 5, coefficient 0.11). SPET and MRI data were automatically 

9
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coregistered using MPI Tool software (ATV Inc., Kerpen, Germany). To 
measure the individual SERT occupancy, irregular regions of interest (ROIs) 
were manually drawn over the midbrain and over the cerebellum as the 
reference area. The 123I-ADAM binding was assessed using MRI-guided ROIs 
in the midbrain and cerebellum. ROIs were placed on transaxial MRI slices over 
the midbrain and cerebellum and then transferred onto corresponding SPET 
slices. In addition, radio-uptake and the specific uptake ratios (SURs) of 
midbrain were assessed. As a measure of brain SERT availability, the ratio of 
specific-to-nonspecific 123I-ADAM binding for the midbrain compared to the 
cerebellum were calculated in mean counts/pixel using the following equation: 
SUR = specific binding/nonspecific binding = target- cerebellum/cerebellum.  
 

4.2.5. Statistical analysis  

Data were analysed by STATISTICA 7.0, STATISTICA 8.0, and SAS 9.1 
software. Neuropsychological test performance comparisons between patient 
groups of focal and generalized epilepsy and control group were performed with 
one-way analysis of variance (ANOVA) followed by Duncan’s post-hoc test of 
pair-wise comparisons. Significance was set to p≤0.05. Correlation analyses 
were used to study the relationship between neuropsychological test scores, 
demographic as well as epilepsy related factors, and BDI score in all study 
groups. A multiple regression analysis was carried out to evaluate the effects of 
demographics, epilepsy related factors, and depression on neuropsychological 
test measures. Neuropsychological test measures were set as dependent 
variables and various demographic and epilepsy related factors and BDI score 
as independent variables.  

To compare the results of the subjective complaints questionnaire with the 
objective test measures, Spearman ranked correlation was used. Linear 
regression analysis was performed with the subjective complaints questionnaire 
as a dependent variable and BDI as independent variable. The comparison of 
depressed vs. non-depressed patient groups was conducted by Mann-Whitney U 
test. Basic characteristics between depressed and non-depressed patient groups 
were compared using unpaired Student’s t-test. Significance was set at a p-value 
of 0.05.  

For the analysis of SPET imaging study Student’s t-tests were used to 
compare variables between the two groups of patients (with symptoms of 
depression vs. without symptoms of depression). A correlation analysis was 
used to assess the relationship between depression scale scores, demographic, 
and clinical characteristics, and SERT binding potential.  
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5. RESULTS  

5.1. Demographic and clinical features of the subjects  
in the neuropsychological assessment and  

subjective complaints studies  

Sixty two patients with epilepsy, treated in the out-patient clinic of Department 
of Neurology of Tartu University Hospital, which is a tertiary medical centre, 
were included in the study.  

There were 87 patients with epilepsy screened for the study, 19 refused to 
participate and 6 did not meet inclusion criteria. Of the 62 remaining patients, 
there were more females (n = 37) than males (n = 25) as indicated in Table 1 
which summarizes all demographic and clinical characteristics of the patients 
and demographic characteristics of control subjects. The mean age of the 
patients was 34.6 years and mean duration of epilepsy was 19.2 years with a 
mean age of seizure onset of 15.4 years. All patients had completed the first 
nine years of regular primary and secondary education and the mean number of 
formal years of education was 13.4.  

Thirty-six of the patients with epilepsy were diagnosed with focal epilepsy 
and 26 were diagnosed with generalized epilepsy. There were no significant 
demographic differences between the two groups. The focal epilepsy group had 
a later onset of epilepsy and a higher number of patients having generalized 
tonic-clonic seizures on a weekly basis. 

Thirty-one patients were on monotherapy, 26 were taking two or more 
AEDs, and 5 were not taking any medication. Valproate and carbamazepine 
were the most prevalent medications (both were present in the treatment 
regimen of 25 patients), followed by lamotrigine (n=12), oxcarbazepine (n=11), 
topiramate (n=4), phenytoin (n=3), phenobarbital (n=2), primidone (n=1), and 
levetiracetam (n=1). All participants had an MRI or CT scan of the brain 
performed. In 15 patients focal pathologies, including hippocampal sclerosis (n 
= 7) were demonstrated. Atrophy was detected in two patients, nonspecific 
white matter lesions in 3, arachnoid cysta in 2, and old frontal contusional 
lesions in 1 patient.  
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Table 1. Demographic characteristics of the healthy control and epilepsy patient groups 
along with clinical characteristics of epilepsy patients 

Characteristics Controls 
(n=53) 

Focal 
epilepsy 
(n=36) 

Gene-
ralized 

epilepsy 
(n=26) 

All 
Patients 

with 
epilepsy 
(n=62) 

P-value 

Agea 38.2  13.3 36.3  12.3 32.2  8.7 34.6  11 0.13 
Gender     0.64 
 Male 17 15 10 25  

Female 36 21 16 37  
Education (years)a 14.8  3.1 12.9  3.6 14.2  4.4 13.4  4 0.06 
Duration of epilepsy 
(years)a  18.7  12 19.7  8.1 19.2  10.5 0.14 

Age at seizure onset 
(years)a  

 17.5  15.1 12.7  4.7 15.4  12.1 0.67 

Seizure frequency for 
GTCS 

    0.0007* 

Weekly  10 3 13  
Monthly  12 3 15  
A year  5 19 24  

Medications     0.30 
Monotherapy  15 (42%) 16 (61%) 31  
Polytherapy  18 (50%) 8 (31%) 26  
No medication  3 (8%) 2 (8%) 5  

a Mean ± standard deviation. * Statistically significant difference; GTCS – generalized tonic-clonic 
seizures 
 
 

5.2. Neuropsychological assessment in patients  
with epilepsy compared to control subjects  

The epilepsy patient groups performed significantly worse than the control 
group on all verbal memory test subscales (Table 2). The control group also 
scored significantly higher on verbal fluency and Word List Generation tests. 
While there was a tendency for patients with epilepsy to perform poorer than 
controls in other tests of attention, concentration, and mental flexibility, as well 
as non-verbal memory none of these measures were statistically different 
between groups.  

Patients with focal epilepsy scored significantly worse than patients with 
generalized epilepsy on the BSRT consistent long-term retrieval subscales and 
on the Word List Generation test. There were no other statistically significant 
differences between the two epilepsy patient groups, although there was a 
general tendency of patients with focal epilepsy to have lower scores on all tests 
of neuropsychological functioning. 
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Table 2. Comparison of neuropsychological test scores in healthy controls and epilepsy 
patient groups  

 
Controls Focal 

epilepsy 
Generalized 

epilepsy 
F P 

Executive functioning  
SDMT 53.4  11.7 48.6  13.8 50.5  16.2 1.4 NS 

Word List 
Generation 27.1  7.00 22.1  6.40 26.5  8.20 5.7 <0.01 

Verbal Fluency 25.7  7.10 14.0  7.00 19.5  7.30 9.2 <0.001 

Trail Making A 28.0  8.40 48.1  25.0 44.5  33.2 1.4 NS 

Trail Making B 52.7  20.2 116.4  74.70 107.9  98.10 1.5 NS 

Verbal memory 
BSRT long-term storage 
Trial 1 6.9  2.3 4.6  2.1 5.3  2.8 10.8 <0.001 

Trial 2 8.8  2.4 6.7  2.7 6.6  3.3 9.2 <0.001 

Trial 3 10.0  2.10 7.9  2.7 7.8  3.5 9.0 <0.001 

Trial 4 10.6  1.90 8.9  2.5 8.8  3.9 6.3 <0.001 

Trial 5 11.0  1.70 9.3  2.5 9.5  3.8 5.8 <0.001 

Trial 6 11.0  1.70 9.4  2.5 9.5  3.8 5.6 <0.001 

Total 58.4  11.3 46.8  14.0 47.5  20.6 8.5 <0.001 
BSRT consistent long-term retrieval 
Trial 1 5.8  2.8 2.6  1.9 4.0  2.7 17.2 <0.001 

Trial 2 7.4  3.0 3.7  2.7 5.0  3.1 18.1 <0.001 

Trial 3 8.5  2.9 4.4  3.0 6.2  3.4 20.3 <0.001 

Trial 4 9.4  2.9 5.6  3.1 7.6  4.0 15.0 <0.001 

Trial 5 10.1  2.50 6.5  3.3 8.5  4.1 13.7 <0.001 

Trial 6 10.1  2.50 6.5  3.3 8.5  4.1 13.7 <0.001 

Total 51.3  15.7 29.3  16.4 39.8  20.5 18.0 <0.001 

BSRT late recall 10.5  2.00 8.0  2.8 9.0  3.4 10.1 <0.001 

Visuospatial memory 
10/36 Spatial Recall 

Trial 1 6.2  2.1 5.7  1.9 6.6  2.9 1.3 NS 

Trial 2 7.3  1.9 7.5  2.0 7.8  2.7 0.5 NS 

Trial 3 7.9  1.9 8.0  2.0 7.7  3.1 0.1 NS 

Total score 21.2  5.40 21.3  4.80 22.2  8.3 0.2 NS 

10/36 late recall 7.7  2.2 7.1  2.6 7.6  3.0 0.5 NS 
 

BDI score 9.7  8.0 14.1  12.7 11.6  10.5 1.8 NS 

SDMT – Symbol Digit Modalities Test; BSRT – Buschke Selective Reminding Test; BDI – Beck 
Depression Inventory. All test results are expressed as mean ± standard deviation. 

00 
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5.3. Prevalence of symptoms of depression in study groups  

The mean BDI score for control subjects was 9.7 (± 8.0) compared to 11.6 
(± 10.5) for patients with generalized epilepsy, and 14.1 (± 12.7) for patients 
with focal epilepsy. The difference among groups was not statistically 
significant. There were 17 (32%) patients with a BDI score above 11 points in 
the control group, 14 (38.9%) patients above 11 in the focal epilepsy and 10 
(38.5%) patients scoring above 11 in the generalized epilepsy group.  
 
 
5.4. The effect of demographic and clinical variables, and 

depression on cognitive test scores 

Correlation analysis revealed statistically significant correlations between two 
subscales of BSRT and Trail Making Test B with years of education in the focal 
epilepsy group (Table 3) while education correlated significantly with most 
cognitive test measures among patients with generalized epilepsy (Table 4). In 
the focal epilepsy group frequency of seizures correlated negatively with Verbal 
Fluency Test, but in the generalized epilepsy group in addition to the Verbal 
Fluency with tests of visual memory and Trail Making Tests A and B. 
Interestingly, epilepsy related factors such as age at seizure onset and duration 
of epilepsy did not have any significant correlations with neuropsychological 
test measures in the generalized epilepsy group and in the focal epilepsy group 
duration of epilepsy had only one negative correlation with Verbal Fluency.  

The BDI score was significantly correlated with a number of cognitive test 
scores, including verbal memory subtests, SDMT, Word List Generation and 
Trail Making Test A and B in the generalized epilepsy group and BSRT delayed 
recall, SDMT, and Trail Making Test A in the focal epilepsy group. The 
number of AEDs taken by patients correlated significantly with some tests of 
executive functioning (Word List Generation and Verbal Fluency, and Trail 
Making Test A) and verbal memory (BSRT delayed recall) in the focal epilepsy 
patients group. In the generalized epilepsy group number of AEDs correlated 
significantly only with Word List Generation test.  

Unlike patient groups, BDI score did not have any significant correlations 
with neuropsychological test measures in the control group (Table 5). In this 
group age and years of education had statistically significant correlations with 
majority of test measures.  

The results of ANOVA confirmed that in BSRT the presence of symptoms 
of depression did not influence the results of consecutive verbal memory 
learning trials in control group (Figure 2), while the gap was wider for the 
patients with generalized epilepsy with and without symptoms of depression.  

Multiple regression analysis revealed that age and years of education were 
the prominent significant predictive variables for many neuropsychological test 
measures in the control group (Table 6). BDI score was a significant factor 
together with age and years of education for the SDMT.  
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In the focal epilepsy group BDI score was a single predictive variable for the 
BSRT delayed recall subscale and SDMT, and it was also significant in 
combination with number of AEDs for the Trail Making Test A. Any other 
epilepsy related factors except number of AEDs, were not significant in the 
focal epilepsy group.  

In the generalized epilepsy group the only important epilepsy related factor 
among significant predictors of test performances was seizure frequency (for 
the 10/36 Spatial Recall total score and Trail Making Test B). BDI score was 
predictive for the Verbal Fluency and verbal memory subscales (together with 
years of education). Duration of epilepsy and age at seizure onset were not 
significant factors in any of the models.  
 

 
 
Figure 2. Comparison of patient groups and healthy controls (with and without 
symptoms of depression) on six verbal memory learning trials (Buschke Selective 
Reminding Test Long-term Recall). L Trial – learning trial  
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Table 6. Results of multiple regression analysis in different groups indicating 
statistically significant predictive variables for individual neuropsychological test 
measures. Only models with statistically significant predictive variables are presented.  

  β R R2 Adjusted R2 F 

Control group    

BSRT long term 
storage 

 0.61 0.37 0.35 14.9* 

 Age 0.47   

 Years of education 0.27   

BSRT consistent  
long-term retrieval 

 0.64 0.42 0.39 17.7* 

 Age 0.53   

 Years of education 0.25   

BSRT delayed recall  0.65 0.43 0.4 18.5* 

 Age 0.47   

 Years of education 0.33   

10/36 spatial recall 
total score 

 0.37 0.14 0.12 8.03* 

 Years of education 0.37   

10/36 delayed recall  0.3 0.09 0.07 4.87* 

 Age 0.3   

SDMT  0.68 0.47 0.43 12.6* 

 Age 0.50   

 Years of education 0.31   

 BDI score 0.21   

Verbal fluency  0.5 0.23 0.23 16.7* 

 Years of education 0.5   

Focal epilepsy group     

BSRT long term 
storage 

 0.52 0.27 0.25 11.7* 

 Years of education 0.52   

BSRT consistent long-
term retrieval 

 0.41 0.17 0.14 6.4* 

 Years of education 0.41   

BSRT delayed recall  0.38 0.14 0.11 4.74* 

 BDI score 0.37   

10/36 delayed recall  0.36 0.13 0.10 4.81* 

 Years of education 0.36   



44 

  β R R2 Adjusted R2 F 

SDMT  0.58 0.34 0.31 15.1* 

 BDI score 0.58   

Word list generation  0.49 0.24 0.22 10.6* 

 Number of AEDs 0.49   

Verbal fluency  0.50 0.25 0.21 11.2* 

 Number of AEDs 0.5   

Trail making A  0.65 0.42 0.38 10.0* 

 BDI score 0.46   

 Number of AEDs 0.38   

Trail making B  0.48 0.23 0.18 4.43* 

 Years of education 0.29   

 Number of AEDs 0.37   

Generalized epilepsy group  

BSRT long term storage  0.72 0.51 0.47 11.0* 

 Years of education 0.37   

 BDI score 0.49   

BSRT consistent long-
term retrieval 

 0.75 0.56 0.52 13.5* 

 Years of education 0.4   

 BDI score 0.51   

BSRT delayed recall  0.71 0.5 0.45 10.2* 

 Years of education 0.42   

 BDI score 0.44   

10/36 spatial recall 
total score 

 0.55 0.3 0.27 10.4* 

 Frequency of 
seizures 

0.55   

Word list generation  0.63 0.4 0.38 16.2* 

 Years of education 0.635   

Verbal fluency  0.66 0.44 0.41 17.1* 

 BDI score 0.66   

Trail making A  0.55 0.3 0.27 9.9* 

 Years of education 0.55   

Trail making B  0.61 0.37 0.34 13.6* 

 Frequency of 
seizures 

0.61   

BSRT – Buschke Selective Reminding Test; SDMT – Symbol Digit Modalities Test; BDI – Beck 
Depression Inventory; AEDs – antiepileptic drugs. * – P0.05 
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5.5. Congruity between perceived cognition and  
objective neuropsychological assessment  

The correlation analysis revealed some weak or non-existent correlations 
between self-reported complaints and objective test measures of cognitive 
functioning (Table 7 and 8). However, despite the fact that majority of the 
results show no statistical significance, generally the correlations between 
objective neuropsychological tests and subjective complaint items have a trend 
for negative directionality, except the results of Trail Making A and B test in 
which higher score is indicative of greater impairment. This could mean that 
subjects with better neuropsychological functioning tend to have greater 
subjective complaint rate and vice versa.  

The results of the tests assessing verbal and visuospatial memory have no 
correlations with the complaint of problems with retrieving information from 
the memory, although there are some negative correlations between subjective 
forgetting and verbal memory (Table 8). Forgetting has also some correlations 
with the results of the Symbol Digits Modalities Test and both self-reported 
memory problems are strongly related to BDI score.  

Subjective estimation of problems with attention is not related to any of the 
results of different tests assessing executive functioning but has a strong 
positive correlation with BDI (Table 8). More general subjective complaints of 
fatigue, headache, and pain, problems with vision or speech have no correlation 
with different neuropsychological tests on a statistically significant level. 
Interestingly self-reported disturbances of coordination or dizziness show some 
negative correlations with measures of verbal memory, sustained attention, 
concentration and executive functions.  

As the majority of self-reported complaints have a strong correlation with 
the results of BDI, so does the subjective questionnaire total score.  

Linear regression analysis with subjective complaints questionnaire total 
score as a dependent variable and BDI as an independent variable resulted in 
r2=0.362, P<0.05, indicating that 36% of subjective complaints can be explained 
by the BDI score. Adding demographic or neuropsychological variables to the 
regression model did not reveal any statistically significant factors influencing 
the subjective complaint rate.  

The results of the t-test were calculated by dividing patients into two groups 
on the basis of presence or lack of depressive symptoms, defined as a score over 
or under 11 points in the BDI (Table 9). Altogether there were 24 (38.7%) 
patients with a BDI score over 11 points. The two groups of patients did not 
have statistically significant differences in age, years of formal education, or 
duration of epilepsy.  

Patients with higher scores on BDI were presenting statistically significantly 
more complaints concerning subjective cognitive functioning on all subscales of 
the subjective complaints questionnaire, except speech and pain (Figure 3).  
  

12 
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Table 9. Characteristics of groups with respect to BDI score.  

 BDI < 11 (N=32) BDI > 11 (N=24)  P value  

Age 33.8 (11.5) 35.3 (10.8) P>0.05 

Gender    

Male 16 (28.6%) 5 (8.9%)  

Female 16 (28.6%) 19 (33.9%)  

Years of education 14.5 (3.7) 12.9 (4) P>0.05 

Duration of epilepsy 17.4 (10) 19.8 (10.1) P>0.05 

Age at seizure onset  16.4 (12) 15.5 (12.8) P>0.05 

AEDs     

No medications 2 3  

Monotherapy 21 8  

Polytherapy  9 13  

Subjective complaints total 
score 

23.3 31 P<0.05 

 
The comparison of patients presenting depressive symptoms with patients not 
presenting any indication of depression for objective neuropsychological test 
measures of memory revealed statistically significant differences on the delayed 
recall of BSRT, with the group of patients showing indications of depression 
scoring lower. Regarding the measures of executive functioning, there were 
significant differences in the Symbol Digit Modalities Test, the Word List 
Generation and Trail Making Test Part A and B (Figures 4 and 5), indicating the 
negative effect of depressive symptoms on objective executive test measures.  
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Figure 3. The distribution of subjective cognitive complaints in groups of patients with 
or without the presence of depressive symptoms, with a BDI (Beck Depression 
Inventory) score over 11 points as a marker for the presence of depressive symptoms. 
Statistically significant difference of p-value < 0.05 is marked with asterisks. 

 
Figure 4. The distribution of objective neuropsychological test measures of memory in 
groups of patients with or without the presence of depressive symptoms. Group means 
presented. BDI – Beck Depression Inventory; 10/36 – 10/36 Spatial Recall Test; BSMT 
– Buschke Selective Memory Test.  

13 
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Figure 5. The distribution of objective neuropsychological test measures of executive 
functioning in groups of patients with or without the presence of depressive symptoms. 
Group means presented. BDI – Beck Depression Inventory; SDMT – Symbol Digit 
Modalities Test. 
 
 

5.7. Clinical characteristics of subjects  
for the 123I-ADAM SPET imaging  

A summary of patient characteristics of the 123I-ADAM SPET imaging study, 
including their demographic and clinical characteristics is included in Table 9. 
(7 men and 5 women; ages ranging from 21 to 55 years; mean age 36.3  8.9 
years). Seven patients had focal epilepsy; six of these had had long-term EEG 
monitoring performed in order to define focus localization. Of these seven 
patients, six patients had TLE (two with right sided and four with left sided 
TLE) and one patient had probable frontal lobe epilepsy (FLE; lateralization to 
the right side). Five patients had generalized epilepsy syndrome. MRI scans for 
the generalized epilepsy patients were all normal. On the MRI, three patients 
with focal epilepsy presented with mesial temporal sclerosis, one with 
hippocampal atrophy, and one with cysts in temporomesial structures. Epilepsy 
could be considered treatment resistant in the majority of the patients, eight of 
whom were on polytherapy with antiepileptic drugs (AEDs). The patients with 
focal epilepsy, as a group, were comparable to the patients with generalized 
epilepsy regarding age, age at epilepsy onset, epilepsy duration, use of AEDs, 
as well as their mean BDI and EST-Q questionnaire scores.  
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5.6. Prevalence of symptoms of depression  
in 123I-ADAM SPET imaging study group  

Seven patients had BDI and EST-Q depression subscale scores greater than 11 
points, which was interpreted as the presence of symptoms of depression. The 
mean BDI and EST-Q depression subscale scores for the whole patient group 
were 11.56 and 144.3, respectively. The maximal BDI score was 20; in all 
patients with symptoms of depression, the BDI score was in the range of mild to 
moderate severity.  

In the current study, patients with symptoms of depression, as a group, did 
not significantly differ from patients without symptoms of depression in either 
demographic or clinical variables (Table 11). A comparison of these patient 
groups indicated that patients with symptoms of depression showed a trend 
towards a longer duration of epilepsy, which did not reach statistical 
significance.  
 
 

5.7. 123I-ADAM binding to SERT 

Using SPET, we observed that 123I-ADAM binding to SERT did not differ 
significantly between the patients with epilepsy who had symptoms of 
depression vs. those without. In addition, SERT binding potential of 123I-ADAM 
did not show any statistically significant correlation with either the BDI or the 
EST-Q depression subscale scores. SERT binding potential was also not 
correlated with any demographic or clinical characteristics, including age, 
duration of epilepsy, or age at disease onset. We also observed that the SERT 
binding potential did not differ between patients with focal vs. generalized 
epilepsy.  
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Table 11. Comparison of clinical characteristics, depression questionnaire results and 
SERT binding affinity on 123I-ADAM between groups of patients with symptoms of 
depression (BDI and EST-Q score > 11 points) and without symptoms of depression  
 

 Symptoms of 
depression (n=7) 

No symptoms of 
depression (n=5)

P-value 

Age 37.7 ( 10.5) 34.2 (6.5) NS 

Age at onset  12.4 (8.4) 18.8 (8.6) NS 

Duration of epilepsy  25.3 (10.8) 15.4 (2.5) NS 

BDI  15.3 (3.8) 6.0 (1.4) 0.004 

EST-Q  15.8 (2.6) 7.0 (1.0) 0.04 
123I-ADAM binding to SERT 1.26 (0.2) 1.216 (0.2) NS 

NS – not significant; BDI – Beck Depression Inventory; EST-Q – Emotional State Questionnaire; 
123I-ADAM – 2-((2-((dimethylamino)methyl)phenyl)thio)-5-(123)iodophenylamine; SERT – 
serotonin transporter  
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6. DISCUSSION  

6.1. Neuropsychological assessment and  
symptoms of depression  

This part of the study aimed to describe cognitive functioning and depression in 
a group of patients with focal and generalized epilepsy syndromes in 
comparison with healthy control subjects, to detect if depression is correlated 
with the neuropsychological functioning, and to evaluate possible significant 
sociodemographic and disease-related predictors of performance on neuro-
psychological measures.  

In agreement with previous descriptions in the literature (Kwan and Brodie, 
2001; Barr, 2007; Badawy et al., 2012), the overall neuropsychological 
performance of patients with epilepsy was somewhat worse than in healthy 
volunteers, especially in the subscales of verbal memory and verbal fluency 
domains.  

Among the two groups of epilepsy patients, those with focal onset epilepsy 
tended to perform worse on all tests of cognitive functioning compared to those 
with generalized epilepsy. However, the difference between the groups only 
reached statistical significance in verbal memory long-term retrieval subscales 
and word list generation.  

While our results indicate that the performance on subtests of verbal memory 
and word list generation was poorer in the generalized epilepsy group than in 
the control group, we expected to see a wider area of affected domains in this 
patient population. Memory disturbances have been previously described in 
patients with generalized epilepsy but impairment of executive functioning is 
emphasized in the majority of prior studies (Hommet et al., 2006; Dickson et 
al., 2006; Piazzini et al., 2008; Schmitz et al., 2013). Research on juvenile 
myoclonic epilepsy has found certain thalamo-frontal circuits as the possible 
cause of these disturbances (Pulsipher et al., 2009). Controversially, several 
studies have shown that patients with different localizations of focal epilepsy or 
generalized epilepsy cannot be reliably differentiated based on their 
neuropsychological performance (Exner et al., 2002). This may be the case in 
our study group as well. The present finding may also be explained by the 
heterogeneity of the generalized epilepsy group, since it included patients with 
juvenile myoclonic epilepsy as well as patients with absence epilepsy. This 
heterogeneity may account for the similar cognitive profile between patients 
with generalized epilepsy and patients with focal epilepsy in our study.  

Depression was more prevalent among both groups of patients with epilepsy 
(38.9% in the focal epilepsy group and 38.5% in the generalized epilepsy 
group) compared to previous studies on depression in the general population. 
According to the general population study in Estonia the prevalence of 
depressive symptoms is 11.1%, with a female preponderance (Aluoja et al., 
2004) and the point prevalence of major depressive episode in the Estonian 
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population was 5.6% (Kleinberg et al., 2010). Interestingly, the prevalence of 
depression in our control group was higher (32%) than in the general population 
and almost as high as in our patient groups. This finding may be explained by a 
relatively small study sample and relatively large proportion of female subjects 
in the control group. Since BDI is a subjective self-rating scale and we did not 
perform thorough psychiatric assessment to all patients and control subjects in 
order to confirm the diagnosis of depression on clinical grounds, there is a 
chance that not all subjects with symptoms of depression are clinically 
depressed and vice versa. This could change the prevalence rate of depression 
among our study sample and influence our results on both directions, but in this 
case it would affect both patient and control groups and we could still estimate 
the difference between groups.  

Depression scale scores showed negative associations with performance on 
number of neuropsychological tests and it appeared to be an important 
predictive factor for several neuropsychological test measures in both patient 
groups, but not in the control group. The influence of depressive symptoms to 
neuropsychological status in patients with epilepsy has been previously reported 
(Paradiso et al., 2001; Dulay et al., 2012). However, in other studies (Pulliainen 
et al., 2000; Tracy et al., 2007; Taylor et al., 2010) the authors did not find that 
depression influenced cognitive functioning in patients with epilepsy. Tracy et 
al. surmised in their paper, however, that the overall level of depression found 
in their study may have been too mild to exert an effect on cognition. In a study 
of male patients with idiopathic epilepsy, BDI score was not significantly 
correlated with performance on any cognitive scales (Shehata et al., 2009) and 
these results were particularly surprising since the mean BDI scores in their 
patient groups were extremely high.  

In studies of depression, deficits in episodic memory, working memory, and 
more widely in various executive functions are commonly described (Murrough 
et al., 2011). In our study, verbal memory scores, verbal fluency and various 
test of executive functioning were associated with BDI score.  

Depression in patients with epilepsy could be the result of interplay between 
several factors including stigma, illness-related, and psychosocial factors but 
recent investigations addressing the comorbidity of epilepsy and depression 
have led to the concept of their common pathogenesis (Kanner et al., 2009). 
This idea is supported by the fact that epilepsy is associated with increased risk 
for depression, but depression could also be a risk factor for acquiring epilepsy 
(Kanner et al., 2009). If this is true and both disorders are separately associated 
with increased risk for cognitive dysfunction, it could mean that patients with 
epilepsy bear double risk for neuropsychological disturbances. Our results, 
therefore, stress the importance of recognizing and treating depression in 
patients with epilepsy. Remission of symptoms of depression could have 
positive effects on cognitive functioning, and patients with epilepsy could gain 
in several factors influencing their quality of life.  
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Education was an important factor in determining neuropsychological test 
measures in patient groups (especially in the generalized epilepsy group) and in 
the control group. The correlation between education and neuropsychological 
measures has been previously noted (Lespinet et al., 2002). This again indicates 
that good education may give better reserves for people with epilepsy in coping 
with possible cognitive dysfunction. Education has been shown to prevent long-
term effects of cognition in TLE (Jokeit and Ebner, 1999). Also, in a study with 
patients with JME, the group of patients with  11 years of education did not 
undergo the same cognitive decline with increasing number of years with 
epilepsy as patients with  11 educational years (Pascalicchio et al., 2007).  

There was surprisingly few strong associations between epilepsy related 
factors and cognitive test measures. Frequency of seizures showed few 
correlations with tests of executive functioning in generalized epilepsy group 
and number of AEDs had a correlation with executive functioning in the focal 
epilepsy group, but age at seizure onset and duration of epilepsy did not have 
almost any associations with cognitive functioning. The latter are also 
considered to be important epilepsy-related factors in the development of 
cognitive dysfunction (Jokeit and Ebner, 1999; Kwan and Brodie, 2001; 
Hendriks et al., 2004).  

Our study has several limitations, including small sample size, female 
preponderance, and heterogeneity of the patient groups, as mentioned before. 
Also, high number of correlations increases the risk of alpha/type I error. 
Although, multiple regression analysis indicated compatible tendencies with 
correlation analysis in the current study. 
 
 

6.2. Congruity between subjective and  
objective cognitive functioning  

The second part of the study aimed to compare the subjective and objective 
neuropsychological functioning in different cognitive domains of patients with 
epilepsy and to estimate the influence of depressive symptoms on these 
measures, especially on subjective complaint rate.  

The results confirmed that in general, with some exceptions, subjective 
cognitive complaints are not strongly associated with the results of objective 
cognitive functioning measures in epilepsy patients. Although there was a trend 
for negative correlations, possibly referring to the tendency of patients with 
better neuropsychological functioning presenting more self-reported problems 
and vice versa.  

Memory is one of the most widely investigated areas of subjective 
complaints in the epilepsy population, since self-reported memory problems are 
one of the most frequent subjective complaints in patients with epilepsy, and 
since objective memory decline in certain cases of epilepsy is also well 
documented. It is known from previous studies that patients with epilepsy tend 

15
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to present more complaints about their memory than control subjects (Hendriks 
et al., 2002) and that there are very weak associations between subjective and 
objective memory performance in these patients (Piazzini et al., 2001; Marino 
et al., 2009). As expected, the results of the study showed that the estimation of 
self-perceived memory was not associated with objective test measures of 
memory, although there were some correlations between the complaint of 
forgetting and verbal memory test scores. Similarly, problems with attention did 
not have any consistent association with the results of test of executive 
functioning.  

The discrepancy described does not have a very clear explanation, although 
depression has been one of the main factors thought to influence self-perceived 
memory in patients with epilepsy (Corcoran and Thompson, 1993; Piazzini et 
al., 2001; Fargo et al., 2004). Correlation analysis indicated that the majority of 
subjective complaints had a strong correlation with the BDI score, and 
regression analysis revealed that the score in BDI could explain up to 36% of 
subjective complaints in our study. It is a statistically significant amount, but 
there is still 64% not explained by that factor. As presented, the distribution of 
subjective complaints in two groups of patients – with or without depressive 
symptoms – differed on a statistically significant level. More general subjective 
complaints had similar associations with the symptoms of depression as more 
specific cognitive complaints. The distribution of neuropsychological test 
results also had some significant differences in the two groups of patients. 
Depression does not only influence the general subjective complaint rate but 
may also have some deteriorating influences on objective neuropsychological 
functioning. These results stress even more the need to look for and to treat any 
depressive symptoms in patients with epilepsy.  

The majority of patients with epilepsy taking AEDs associate their 
subjective cognitive complaints with side-effects of the drugs (Carpay et al., 
2005). Doctors in their everyday practice and numerous clinical research trials 
rely often on patient self-reported cognitive performance when assessing the 
side-effects of AEDs (May, 2013). In a study of medical records of 1694 adult 
patients with epilepsy taking AEDs the cognitive side-effects of the drugs were 
assessed and no other predictor of cognitive side-effect rate except AEDs was 
found (Arif et al., 2009). Paradoxically, in this study, no data regarding the 
objective neuropsychological functioning was obtained. These authors also 
concluded that comorbid psychiatric conditions were not significant predictors 
of cognitive side-effects but did not use any of the measures for state of mood at 
the moment of cognitive complaint assessment (Arif et al., 2009). Therefore, 
subjective cognitive complaints are very often taken at the face value and are 
associated with side-effects of AEDs without any objective basis. In a study by 
Marino et al. it was shown that subjective perception of AED cognitive effects 
was mainly predicted by mood (Marino et al., 2009). The results of our study 
emphasize that subjective complaints should not be trusted as the indication of 
cognitive impairment but may be the sign of concurrent mood disorder.  
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Comparable results have been found in studies of subjective and objective 
functioning and depression in other chronic disorders as multiple sclerosis 
(Maor et al., 2001) or after moderate to severe head injury (Lannoo et al., 
1998). Additionally, it has been shown that alleviation of depression results in 
improvement of subjective memory status (Antikainen et al., 2001).  

There are a few limitations to this study, including rather small sample. The 
fact that the department of neurology is a university hospital may mean that 
patients referred to this out-patient clinic may have more serious epilepsy than 
would be the case for patients in a population-based study and may result in 
selection bias. The correlation between subjective memory complaints and 
objective measures could depend a great deal on study sample selection. There 
is a study on a very well defined intractable TLE group after epilepsy surgery 
that indicates a strong correlation between objective and subjective memory 
performance (Gleißner et al., 1998), probably because these patients are well 
informed about the possible memory loss and their actual memory performance.  
 
 
6.3. SERT binding in patients with epilepsy and depression  

In the last part of the study, we sought to study SERT binding properties in the 
midbrain region in patients with epilepsy, and to determine whether SERT 
binding differed between depressed vs. non-depressed patients with epilepsy. 
Our results did not indicate any difference in SERT binding potential between 
these patient groups.  

There could be several reasons for these negative results. Previous work with 
PET and SPET tracers for SERT in depressed patients has shown some 
conflicting results. The majority of reports show increased SERT binding in the 
thalamus and limbic regions of depressed patients compared to controls 
(Cannon et al., 2007), but others have shown decreased SERT binding potential 
in the amygdala and midbrain of depressed patients (Malison et al., 1998; Lehto 
et al., 2006; Parsey et al., 2006). Studies using 123I-ADAM SPET to measure 
SERT binding in major depressive disorder have also indicated decreased SERT 
binding in the midbrain, medial temporal lobe, and basal ganglia of depressed 
patients compared to controls (Newberg et al., 2005; Newberg et al., 2012). At 
the same time, however, reports showing no differences in midbrain SERT 
availability for 123I-ADAM in patients with depression compared to healthy 
controls have also been published (Herold et al., 2006; Catafau et al., 2006). It 
has been hypothesized that in case of major depressive disorder the SERT 
binding potential is elevated, but in major depressive disorder with comorbid 
psychiatric illnesses, regional SERT binding could be decreased (Meyer, 2007). 
Taking this into account, and considering the fact that almost no SERT binding 
studies have been done in patients with epilepsy, it could be difficult to predict 
the directionality of alterations in SERT binding in patients with epilepsy and 
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comorbid depression. Addressing this hypothesis more fully would likely 
require a study with a larger sample size.  

Another contributing factor to these negative results may be the genetic 
variability that has been shown for SERT expression in the human brain. For 
example, individuals with polymorphisms in the promoter (5-HTTLPR) of the 
SLC6A4 gene, which encodes the SERT protein, exhibit differences in SERT 
binding properties in neuroimaging studies (Ruhe at al., 2009; van Dyck et al., 
2004; Joensuu et al., 2010). Genetic studies have shown that there may even be 
an association between the presence of the combined 5-HTTLPR and 5-
HTTVNTR genotype, which results in less efficient transcription of SERT, and 
the presence of TLE (Schenkel et al., 2011). Genetic variability of SERT 
expression may influence the development of affective disorders, it would likely 
affect SERT imaging studies, and could even be related to epileptogenesis. 
Unfortunately, in the current study we did not genotype our patients for 
polymorphisms in SLC6A4.  

There are several limitations to the current study. Perhaps the most 
important, and the one likely to be largely responsible for our negative results is 
the relatively small study sample size. The statistical power of the comparison 
of SERT binding in groups of patients with and without depression was 0.755. 
We calculated that increasing the power to 0.8 under the same conditions would 
need 40 subjects, which considering the nature and cost of SPET imaging, 
would be unachievable.  

Since in all patients with symptoms of depression, the BDI score was in the 
range of mild to moderate severity, it could also be considered as a weakness 
contributing to the negative results of our study.  

The heterogeneity of our study group, regarding the clinical characteristics 
of epilepsy, could have also led to the observed lack of differences in SERT 
binding properties. The characteristics of depression, depression-related 
treatment outcomes, and serotonergic system involvement based on 5-HT1A 
receptor imaging studies, are all well-documented in cases of TLE. Little is 
known about the same aspects in case of focal extra-temporal epilepsies and 
even less about generalized epilepsy syndromes. Although some findings have 
indicated that depression could be specifically related to TLE and mesial 
temporal sclerosis (Quiske et al., 2000), this has not been confirmed by other 
reports (Swinkels et al., 2006). It has been shown that the prevalence of 
depression is similar between patients with TLE and FLE. There are no reports 
of focal vs. generalized epilepsy in terms of the prevalence of depression. One 
work assessed symptoms of anxiety and found that patients with FLE have 
much higher anxiety scores than patients with generalized epilepsy (Tang et al., 
2012). In our study, groups of patients with focal vs. generalized epilepsy were 
comparable in terms of presence of depressive symptoms.  

These previous findings seem to indicate that the bidirectional relationship 
between epilepsy and depression is not specific to TLE. It has been shown that 
preoperative depressive symptoms predict postoperative seizure outcome in 
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both TLE and FLE (Metternich et al., 2009). Therefore, common pathogenic 
mechanisms may be involved in the etiology of depression comorbid with 
different epilepsy syndromes, and we would expect that this should be 
demonstrable in patients having different clinical characteristics of epilepsy, 
such as those included in the current study. Our findings support the notion that 
depression and the involvement of the serotonergic system in various epilepsy 
syndromes requires a deeper exploration with further studies. 

 

6.4. Practical implications and future perspectives  

Although, cognitive functioning in PWE has been extensively studied in the last 
decades, several questions still remain unanswered. There is a need for larger 
long-term studies of cognition in PWE in order to elucidate the long-term 
effects of epilepsy and associated factors on cognition. Some studies have 
indicated that cognitive disturbances, depression, and reduced quality of life 
may be present in the very beginning of epilepsy or may even precede the first 
seizure. Does this apply to the subjective cognitive complaints? Could these 
measures be used to predict the treatment outcome and find the patients with 
potentially refractory epilepsy much earlier?  

The results of our study and other similar studies highlight the importance of 
education as one of the factors which may prevent the appearance of cognitive 
deficits, at least to some extent. Simultaneously, PWE are frequently limited in 
terms of academic achievement. Whether cognitive disturbance itself or 
psychosocial problems and stigma, result in educational underachievement 
which is frequently described by PWE. A vicious circle may be formed when 
neuropsychological problems disturb academic achievement and poor education 
fails to prevent further cognitive decline in later years of life. Therefore, helping 
to “climb as high” as possible in academic terms, increasing the possibilities for 
education, and making a maximal effort to control the disorder during the 
school-years, would probably decrease the cognitive comorbidities of epilepsy.  

For every-day practice, the importance of depression screening and 
management is stressed by the finding that prevalence of symptoms of 
depression in PWE is high. As it appeared in our studies, depression had an 
effect on neuropsychological functioning. It may indicate that this feared double 
burden of cognitive disturbances due to epilepsy and concurrent depression is a 
reality indeed. Further, larger sample, studies should investigate the effect of 
depression on cognitive functions in PWE and it would be interesting to see if 
treatment of depression could have a positive effect on cognition in patients 
with epilepsy.  

A great number of PWE, many neurologists, and numerous drug research 
trials have associated subjective cognitive complaints uniformly with side-
effects of AEDs. Our study as well as other studies have found that subjective 
cognitive complaints should not be taken at face value for cognitive dysfunction 
and should be validated by objective measures of cognition. Few studies have 

16 
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assessed the influence of symptoms of depression on AED side-effects and have 
found a significant association between these (Marino et al., 2009). These 
issues extend beyond theoretical interest and have important clinical 
implications since diagnostics, treatment, research and regulatory decisions rely 
on them.  

Depression can reveal itself by several indirect symptoms. In a patient with 
epilepsy who expresses multiple subjective complaints – including complaints 
of AED side-effects and cognitive problems – symptoms of concurrent 
depression should be searched.  

Regarding the serotonergic system involvement, there is a need for further 
studies addressing the role of 5-HT receptor in epilepsies arising in other brain 
areas outside the temporal lobe. Could 5-HT or SERT imaging be used as a 
biomarker for treatment options in patients with epilepsy and depression? And 
last but not least, could SSRIs have true antiepileptic properties and could they 
be used as antiepileptic drugs in patients with epilepsy (Hamid and Kanner, 
2013)?  
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7. CONCLUSIONS  

1. The present study indicated that patients with epilepsy, especially focal 
epilepsy, have cognitive disturbances which are most apparent in the verbal 
memory and verbal fluency domains compared to the healthy control 
subjects. Age and education were the main sociodemographic factors 
influencing neuropsychological test measures in both patients with epilepsy 
and control test subjects.  

 
2. Epilepsy related factors such as duration of illness, age at onset, or frequency 

of seizures showed surprisingly few associations with cognitive test 
measures.  

 
3. Study groups of both focal and generalized epilepsy had a high proportion of 

subjects with symptoms of depression, and depression showed compounding 
negative effects on cognitive functioning only in patients with epilepsy, it is 
therefore emphasized that depression needs to be adequately diagnosed and 
treated in this patient population.  

 
4. The results of this study show the lack of overlap between the measures of 

subjective complaints and objective neuropsychological functioning in 
patients with epilepsy. The need to investigate different subjective 
complaints, not only memory problems is stressed.  

 
5. Self-reported functioning appears to be affected by the presence of 

depressive symptoms.  
 
6. The results of our SERT SPET imaging study failed to demonstrate 

alterations of SERT binding potential in patients with epilepsy with 
symptoms of depression compared to patients with epilepsy without 
symptoms of depression. Further studies are needed to clarify the role of 
SERT and, more generally, the serotonergic system in the common 
pathogenesis of epilepsy and depression.  
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9. SUMMARY IN ESTONIAN  

Kognitiivsed funktsioonid, tajutud kognitiivne toimimine, subjektiivsed 
kaebused ja depressiooni sümptomid epilepsiaga inimestel: 
neuropsühholoogiline hindamine ja SPET aju kuvamisuuring  

Epilepsia on närvisüsteemi krooniline haigus, mida iseloomustab püsiv valmis-
olek epileptiliste hoogude tekkeks, millega kaasneb rida neurobioloogilisi, 
kognitiivseid, psühholoogilisi ja sotsiaalseid järelmeid (Fisher et al., 2005). 
Epileptiline hoog on ülemäärasest ja sünkroonsest neuronite aktiivsusest 
tingitud mööduv sensoorne, motoorne, käitumise või teadvuse seisundi muutus.  

Maailmas on epilepsiaga inimesi umbes 50 miljonit (WHO, 2012), Euroopas 
6 miljonit (Pugliatti et al., 2007; ILAE/IBE/WHO Global Campaign Against 
Epilepsy, 2010) ja Eestis hinnanguliselt umbes 6300 inimest (Haldre et al., 
2009). Epilepsiaga inimeste elu ja tervist mõjutavate tegurite seas on ühtedeks 
olulisemateks elukvaliteeti langetavateks faktoriteks neuropsühholoogilised, 
psühholoogilised ja psühhiaatrilised probleemid (Perrine et al., 1995; Jehi et al., 
2011; Taylor et al., 2011). Epilepsia on seotud märkimisväärse koormusega nii 
üksikisikule, perekonnale kui kogu ühiskonnale. Epilepsia on teiste ajuhaiguste 
seas nii otseste kui kaudsete kulude poolest üks kulukamaid (Olesen et al., 
2012).  

Epilepsiaga inimestel on suurem risk kognitiivsete häirete esinemiseks 
(Meador, 2002). Varasem uurimistöö selles vallas on tõestanud, et epilepsiaga 
inimestel võib esineda muutusi erinevate kognitiivsete funktsioonide osas – 
psühhomotoorne kiirus, infotöötlus, mälu, keskendumise ja tähelepanu häired 
(Aldenkamp et al., 2004). Kognitiivset funktsioneerimist epilepsia korral mõju-
tab rida tegureid: haiguse etioloogia, epileptilised hood, antiepileptilised ravi-
mid ja psühhosotsiaalsed tegurid (Elger et al., 2004).  

On viiteid, et varasem haiguse algus, pikem epilepsia kestus, suurem hoo-
gude arv ja polüteraapia omavad suuremat riski kognitiivse defitsiidi tekkeks. 
Suur osa kahjustusest on olemas epilepsia diagnoosimise hetkel (Äikiä et al., 
2000) ja pikaajalistes uurimistöödes on leidud, et vanuse kasvades langeb 
epilepsiaga inimeste sooritusvõime mälu osas kontrollgrupiga paralleelselt, kuid 
algselt kahjustunud mälufunktsioonide tõttu langeb epilepsiaga inimeste 
mälusooritus kriitilisele tasemele oluliselt varem (Helmstaedter ja Elger, 2009). 
Depressiooniga võivad kaasneda probleemid mitmete kognitiivsete funktsioo-
nide osas (Murrough et al., 2011). Kaasneva depressiooni mõju kognitiivsetele 
funktsioonidele epilepsia korral on suuresti teadmata. On töid, kus kirjeldatakse 
suuremat neuropsühholoogilist defitsiiti kaasuva depressiooni korral (Paradiso 
et al., 2001) ja samas mitmeid töid, kus seda seost leitud ei ole (Tracy et al., 
2007; Taylor et al., 2010). Arvestades, et depressioon iseenesest võib kogni-
tiivsetele funktsioonidele negatiivset mõju avaldada, võivad epilepsiaga ini-
mesed, kellel esineb depressioon olla ohustatud vähemalt kahe erineva kogni-
tiivseid võimeid mõjutava riskiteguri poolt.  
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Lisaks objektiviseeritud kognitiivsete funktsioonide kahjustusele esitavad 
epilepsiaga patsiendid erinevaid subjektiivseid kognitiivseid kaebusi. Pea-
misteks kaebusteks on tähelepanu halvenemine, mõtlemise aeglus ja mälu 
halvenemine (Moore ja Baker, 2002). Paradoksaalsel kombel esineb tajutud 
mälufunktsiooni ja objektiivse mälufunktsiooni vahel minimaalne korrelatsioon 
(Hall et al., 2009). Selle põhjuseks on sageli peetud kaasuva meeleoluhäire 
mõju tajutud kognitiivsele toimimisele, mille tõttu patsiendid hindavad oma 
mälufunktsioone vääralt (Marino et al., 2009).  

Meeleoluhäirete esinemissagedus epilepsiaga patsientidel on suur. On leitud, 
et üldrahvastikuga võrreldes esineb depressiooni epilepsiaga inimestel oluliselt 
sagedamini ja selle levimus ulatub kuni 50% (Hermann et al., 2000). Psühho-
sotsiaalsete tegurite kõrval võib epilepsia puhul olla üheks depressiooni tekke-
põhjuseks ka otsene meeleolu regulatsioonis osalevate ajupiirkondade düs-
funktsioon (Kanner, 2005). On leitud, et psüühikahäirete esinemine on seotud 
suurenenud riskiga epilepsia tekkeks ja omakorda epilepsia diagnoos suurendab 
tõenäosust psüühikahäire esinemiseks (Hesdorffer et al., 2012). See on uurijaid 
viinud hüpoteesini, et epilepsial ja depressioonil võib olla ühine patogeneetiline 
mehhanism ja üheks võimalikuks seoseks epilepsia ja depressiooni patogeneesis 
võib olla serotoniini metabolism. Positronemissioontomograafia uuringus 
temporaalsagara epilepsiaga patsientidel on kirjeldatud alanenud serotoniini 
retseptori (5-HT1A) sidumine mesiaalsetes temporaalsagara struktuurides hoo 
fookusega ipsilateraalselt (Toczek et al., 2003) ja samuti negatiivne korrelat-
sioon suuremate depressiooni sümptomite ja 5-HT1A retseptori sidumise vahel 
ipsilateraalses hipokampuses (Hasler et al., 2007). Serotoniini transporteri 
(SERT) roll on epilepsia ja depressiooni seoste osas seni suuresti teadmata.  
 
Uurimistöö eesmärgid  
1. Kirjeldada epilepsiaga patsientide (fokaalse ja generaliseerunud epilepsiaga 

patsientide) kognitiivseid funktsioone võrrelduna tervete kontrollgrupi isi-
kutega  

2. Kirjeldada epilepsiaga seotud tegurite toimet kognitiivsele toimimisele  
3. Hinnata depressiooni mõju kognitiivsetele funktsioonidele epilepsia korral  
4. Võrrelda subjektiivseid kognitiivseid kaebusi objektiivsete neuropsühho-

loogiliste testide tulemustega 
5. Hinnata depressiooni sümptomite mõju tajutud kognitiivsele toimimisele  
6. Uurida serotoniini transporteri (SERT) sidumist epilepsiaga patsientide kesk-

ajus ja hinnata kaasuvate depressiooni sümptomite mõju SERT sidumis-
aktiivsusele  

 
Uuritavad ja meetodid  
Uurimistöö jaoks andis loa Tartu Ülikooli Inimuuringute Eetikakomitee ja kõik 
uuritavad allkirjastasid kirjaliku informeeritud nõusoleku uuringus osalemiseks.  

Kognitiivsete funktsioonide ja subjektiivsete kaebuste uuringus osales 62 
epilepsiaga patsienti. Uuringus osalemise kriteeriumiteks olid: vanus 18–65 
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aastat, teiste neuroloogiliste haiguste puudumine ja eesti keel emakeelena. 25 
patsienti algsest valimist (n=87) keeldus või ei täitnud uuringusse kaasamise 
kriteeriume. Kontrollgrupi moodustasid 53 tervet vabatahtlikku, kes ei erinenud 
patsientide grupist sooliste, vanuseliste ja haridusega seotud tunnuste poolest. 
SERT kuvamisuuringus osales 12 epilepsiaga patsienti. Osalemise eelduseks oli 
teiste kaasuvate neuroloogiliste haiguste puudumine ja varasem serotoniini 
süsteemi toimivate antidepressantide mittekasutamine.  

Kognitiivsete funktsioonide hindamiseks kasutati neuropsühholoogilisi teste, 
mis põhinesid testipatareil Brief Repeatable Battery of Neuropsychological 
Tests (Boringa et al., 2001). See sisaldas teste mälufunktsiooni hindamiseks 
(Buschke Selective Reminding Test – verbaalne õppimine ja mälu; 10/36 
Spatial Recall Test – nägemis-ruumiline mälu ja õppimine) ja erinevate täide-
viivate funktsioonide hindamiseks (Symbol Digit Modalities Test – püsiv 
tähelepanu ja infotöötlemise kiirus; Word List Generation and Verbal Fluency 
Test – verbaalsed võimed, kontsentreerumine; Trail Making A and B – tähele-
panu, kontsentreerumine, paindlikkus). Depressioonisümptomite esinemist 
hinnati Beck’i depressiooniküsimustiku (BDI) ja emotsionaalse enesetunde 
küsimustiku (EEK-2) abil. Subjektiivsete kaebuste uurimiseks kasutatud subjek-
tiivsete kaebuste küsimustikku, mis sisaldas 13 küsimust subjektiivsete kaebuste 
kohta 4-pallisel skaalal.  

SERT kuvamisuuringus süstiti uuritavatele SERT ligandi 123I-ADAM (2-([2-
([dimethylamino] methylphenoxyl]thio)-5-[123I]iodophenylamine) ja hinnati 
SERT sidumisaktiivsust keskajus üksikfooton-emissioontomograafia (SPET) 
abil. Kuvamisuuringud teostati Põhja-Eesti Regionaalhaigla nukleaarmeditsiini 
osakonnas.  
 
Uurimistöö tulemused ja arutelu  
Patsientide sooritus oli kontrollgrupiga võrreldes statistiliselt olulisel halvem 
verbaalse mälu ja verbaalse voolavuse osas. Teistes testides olulisi erinevusi ei 
esinenud. Samas oli märgata halvem sooritus kõikides tähelepanu, kontsent-
reerumise, verbaalsete funktsioonide alatestides, kuid mitte statistiliselt olulisel 
määral. Fokaalse epilepsiaga patsientide tulemused olid statistiliselt oluliselt 
halvemad verbaalse püsimälu ja verbaalse voolavuse osas. Fokaalse epilepsiaga 
patsientide sooritus oli nõrgem kõikides alatestides, kuid muus osas statistiliselt 
mitteolulisel määral.  

21 patsiendil oli BDI >11, mida interpreteeriti depressioonisümptomite 
esinemisena. Haridusaastate arv ja depressiooni sümptomite esinemine on pea-
mised kognitiivset funktsioneerimist mõjutavad tegurid.  

Varasemate uuringute valguses oli epilepsiaga patsientide, eriti fokaalse epi-
lepsiaga patsientide mõnevõrra nõrgem sooritus oodatav tulemus. Generali-
seerunud epilepsiaga patsientidel on kirjeldatud oluliselt laiemat kognitiivse 
kahjustuse profiili (Schmitz et al., 2013), kuid meie uuringu tulemustes eristus 
siiski kahjustus verbaalse mälu ja verbaalse voolavuse osas. See võib tähen-
dada, et erinevate epilepsia tüüpidega patsiente ei ole võimalik usaldusväärselt 
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neuropsühholoogilise profiili alusel eristada, mida on kirjeldatud ka varem 
(Exner et al., 2002). Samas võib uuringu tulemusi mõjutada ka uuringugruppide 
suur heterogeensus.  

Depressiooni sümptome esines suurel osal epilepsiaga patsientidest ja 
depressiooni sümptomite esinemine mõjutas oluliselt neuropsühholoogiliste 
testide tulemusi halvemuse suunas. Kirjeldatud negatiivne mõju puudus 
kontrollgrupi uuritavatel. Senistes teadustöödes on mitmel korral depressiooni 
negatiivset mõju kognitiivsetele võimetele epilepsiaga inimestel kirjeldatud 
(Dulay et al., 2012), kuid paljudel juhtudel ei ole seda seost leitud (Taylor et al., 
2010). Arvestades, et depressioon võib muus osas tervete inimeste kognitiiv-
setele võimetele negatiivset mõju avaldada, oleks sarnase mõju esinemine 
epilepsiaga inimestel oodatav tulemus. Veelgi enam – epilepsia ja depressiooni 
koosesinemise korral võivad kombineeruda kaks kognitiivset toimimist ohus-
tavat riskitegurit. See rõhutab depressiooni sümptomite uurimise ja nende 
ravimise vajadust epilepsia korral.  

Subjektiivsete kaebuste uurimisel ilmnes vähene või puuduv korrelatsioon 
subjektiivsete kaebuste ja objektiivsete testitulemuste vahel. Samas esines 
negatiivse korrelatsiooni trend subjektiivsete kaebuste ja objektiivse leiu vahel – 
parema neuropsühholoogilise sooritusega patsientidel oli suurem subjektiivsete 
kaebuste määr ja vastupidi. Subjektiivsetel kaebustel oli tugev korrelatsioon 
BDI tulemusega. Lineaarne regressioonanalüüs näitas, et 36% subjektiivsetest 
kaebustest võis seostada depressioonisümptomite esinemisega. Kõrgema BDI 
skooriga patsientidel esines statistiliselt oluliselt enam subjektiivseid kaebusi 
küsimustiku kõikide alaosade osas, va kõne ja valu. Neuropsühholoogiliste 
testide osas esinesid samuti statistiliselt olulised erinevused verbaalse mälu 
hilise meenutamise alatestis, kus depressiooni sümptomitega patsientidel oli 
halvem sooritus.  

Kuigi depressiooni sümptomite esinemine seostub tugevalt subjektiivsete 
kaebustega, lisandub sellele ilmselt veel tegureid, mis mõjutavad tajutud kogni-
tiivset toimimist. Nende tuvastamine vajab täiendavaid uuringuid. Olulise järel-
dusena lähtub uuringu tulemustest, et patsiendi rohket subjektiivsete kogni-
tiivsete kaebuste hulka ei tohiks kontrollimata seostada objektiivse neuro-
psühholoogilise toimetulekuga, vaid see võib olla märk kaasuvast meeleolu-
häirest.  

SERT kuvamisuuringus osalenud patsientidest oli 7 depressiooniskaala 
tulemus depressiooni sümptomite esinemisele viitav. Ei esinenud korrelatsiooni 
BDI ja SERT sidumise vahel keskajus. Samuti ei erinenud statistiliselt olulisel 
määral SERT sidumine depressiooni sümptomitega ja ilma depressiooni 
sümptomiteta patsientidel.  

Ka varasemates uuringutes on SERT sidumisaktiivsus depressiooniga ini-
mestel andnud erinevaid tulemusi. Kuigi suur osa uurimistöödest kirjeldab 
suurenenud SERT sidumist depressiooniga uuritavate taalamuses ja limbilistes 
piirkondades (Cannon et al., 2007), on mitmeid teadustöid, kus SERT sidumis-
aktiivsus amügdala ja keskaju piirkonnas on depressiooniga uuritavatel 
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langenud (Lehto et al., 2006). Seega oleks epilepsia ja kaasuva depressiooniga 
seotud SERT sidumisaktiivsuse muutuse suunda veelgi raskem ennustada.  

Antud uurimistöös võib seoste puudumine SERT sidumisaktiivsuse ja 
depressiooni esinemise vahel olla seotud ka väikese uuritavate arvu ja uuri-
tavate gruppide suure heterogeensusega. Serotoniini süsteemi, epilepsia ja 
depressiooni omavaheliste seoste hindamine vajab edasisi suurema uuritavate 
arvu ja homogeensemate gruppidega uuringuid.  

Kokkuvõtvalt viitavad antud uurimistöö tulemused, et epilepsiaga inimestel 
on suurem risk kognitiivsete häirete tekkeks ja võimalikule kahjustusele lisab 
oma negatiivse toime depressiooni sümptomite kaasuv esinemine. Kuna subjek-
tiivsed kaebused ei seostunud niivõrd objektiivsete testitulemuste, kuivõrd 
depressiooni sümptomite esinemisega, rõhutab see depressiooni hindamise vaja-
likkust epilepsiaga inimestel, eriti kui esineb rohkem subjektiivseid kaebusi. 
Lisaks näitavad tulemused hariduse olulisust võimalike kognitiivsete häirete 
ennetamisel epilepsiaga inimestel.  
 
Uurimistöö järeldused  
1. Uuringu tulemused viitavad, et epilepsiaga patsientidel, eriti fokaalse 

epilepsiaga patsientide grupis, esines kontrollgrupi katsealustega võrreldes 
enam kognitiivseid häireid, mis ilmnesid eelkõige verbaalse mälu ja 
verbaalse voolavuse osas. Uuritava vanus ja haridus olid peamised neuro-
psühholoogiliste testide tulemust mõjutavad sotsiodemograafilised tegurid 
nii patsientide kui kontrollgrupi uuritavate puhul.  

2. Epilepsiaga seotud teguritel, nagu haiguse kestus, vanus haiguse alguses või 
hoogude sagedus, kognitiivsele toimimisele olulist mõju esile ei tulnud.  

3. Nii fokaalse kui generaliseerunud epilepsiaga uuritavate grupis oli suur hulk 
depressiooni sümptomitega patsiente ja depressiooni sümptomite esinemisel 
oli üksnes patsientide, kuid mitte kontrollgrupi uuritavate neuropsühholoogi-
lisele profiilile oluline negatiivne mõju. Sellest lähtub depressiooni hinda-
mise ja ravimise vajalikkus epilepsiaga inimestel  

4. Subjektiivsete kaebuste seos objektiivse neuropsühholoogilise leiuga oli 
epilepsiaga patsientidel nõrk. Uuringu tulemused rõhutavad vajadust uurida 
erinevaid subjektiivseid kaebusi, mitte ainult mäluga seotud probleeme.  

5. Tajutud kognitiivne toimimine oli olulisel määral seotud depressiooni 
sümptomite esinemisega.  

6. SERT SPET kuvamisuuringu tulemused ei näidanud muutusi SERT sidu-
mises epilepsiaga patsientidel, kellel esines/ei esinenud viiteid kaasuvale 
depressioonile. SERT rolli ja laiemalt serotoniini süsteemi osa epilepsia ja 
depressiooni ühises patogeneesis vajab täiendavaid uuringuid.  



83 

10.  ACKNOWLEDGEMENTS  

The currents studies were carried out at the Department of Neurology and 
Neurosurgery, University of Tartu.  

The research was supported by Estonian Science Foundation grant ETF6786. 
My sincerest gratitude and deepest respect goes to my supervisor Associate 

Professor Sulev Haldre for his continuous guidance, support, and patients 
throughout my doctoral studies. His clinical expertise, scientific advice, and 
fruitful discussions have been crucial in the process of this research.  

I would like to express my sincerest gratitude towards my co-authors Liina 
Vahter and Katrin Gross-Paju. I would like to thank them for introducing me 
the secrets of neuropsychological assessment, for helping to find subjects for 
the studies, and for helpful and useful comments in the process of manuscript 
preparations.  

I would like to thank Malle Paris and her colleagues in the Radiology Centre 
of North Estonian Medical Centre for helping to plan, to perform, and to 
interpret the SERT imaging study.  

I am extremely grateful to Professor Veiko Vasar and Associate Professor 
Janika Kõrv for reviewing the thesis and making several helpful suggestions 
and comments.  

My warmest thanks belong to my colleagues in the Department of Neuro-
logy and Neurosurgery of University of Tartu for their help and support.  

I am deeply thankful to all the patients who agreed to participate in the 
studies.  

And last but not least I feel deeply indebted to my children, family, and 
closest ones. I am thankful for their continuous support and encouragement. 
This includes my grandmother to whom this thesis is dedicated to.  
 
 



84 

11.  APPENDICES  

APPENDIX A  

SUBJECTIVE COMPLAINTS QUESTIONNAIRE  
Which of the listed problems disturb your daily life and how often?  

 Not at all Rarely Frequently Very 
often 

Low mood  1 2 3 4 

Problems of memory retrieval  1 2 3 4 

Forgetting  1 2 3 4 

Difficulties concentrating  1 2 3 4 

Dizziness  1 2 3 4 

Problems with speech  1 2 3 4 

Problems with coordination  1 2 3 4 

Problems with balance  1 2 3 4 

Problems with vision (foggy, double)  1 2 3 4 

Hand tremor  1 2 3 4 

Fatigue  1 2 3 4 

Headache  1 2 3 4 

Pain in other parts of the body  1 2 3 4 
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APPENDIX B  

SUBJEKTIIVSETE KAEBUSTE KÜSIMUSTIK (in Estonian)  
Millised allpoolnimetatud probleemidest häirivad Teie igapäevast elu ja kui tihti? 

 Üldse 
mitte 

Harva Tihti Väga 
sageli 

Meeleolu langus 1 2 3 4 

Mälu käepärasuse häired 1 2 3 4 

Unustamine 1 2 3 4 

Raske keskenduda 1 2 3 4 

Pearinglus 1 2 3 4 

Probleemid kõnega 1 2 3 4 

Probleemid koordinatsiooniga 1 2 3 4 

Tasakaaluhäired 1 2 3 4 

Probleemid nägemisega (topelt, udune) 1 2 3 4 

Käte värisemine 1 2 3 4 

Väsimus 1 2 3 4 

Peavalud 1 2 3 4 

Valud mujal  1 2 3 4 
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