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Abstract
The aim of this study was to map the cognitive deficits of Icelandic individuals with
schizophrenia as well as to examine the age related changes of those deficits using 10
neuropsychological tests. The literature suggests that individuals with schizophrenia show
considerable cognitive deficits that severely affect their daily lives and that these deficits
become more serious with age. The first hypothesis was that individuals with schizophrenia
perform considerably worse than healthy individuals on neuropsychological tests. The
study’s findings indicated that individuals with schizophrenia generally performed
significantly worse on all 10 tests and therefore this hypothesis was supported. The second
hypothesis was that individuals with schizophrenia show the same age-related pattern of
cognitive decline as healthy individuals. On most neuropsychological tests both groups
followed the same age related trajectory but some tests showed findings suggestive of a steep
decline early in life and then stability in later life for individuals with schizophrenia when
compared to healthy individuals. Therefore the second hypothesis was partially supported. In
conclusion, participants with schizophrenia had considerable cognitive deficits compared to
healthy individuals and while the findings are not conclusive, the two groups seemed to
follow a similar trajectory of cognitive aging.

Keywords: schizophrenia, cognitive deficits, neuropsychological tests, aging.

Utdrattur
Markmi0 rannsoknarinnar var ad kortleggja hugrana skerdingu islenskra einstaklinga med
gedklofa auk pess ad kanna proun pessarar skerdingar med aldri. Petta var gert med pvi ad
meta hugraena getu patttakenda med 10 taugasalfredilegum préfum. Fyrri rannsoknir benda
til pess ad einstaklingar med gedklofa syni teljanlega hugrana skerdingu i samanburdi vid
heilbrigda einstaklinga sem hefur veruleg ahrif & peirra daglega lif. Auk pess benda
rannsoOknir til pess ad pessi hugrana skerding versni eftir pvi sem einstaklingar eldast. Fyrsta
tilgatan var ad einstaklingar med gedklofa standi sig mun verr en heilbrigdir einstaklingar &
taugasalfredilegum profum. Nidurstodur rannsdknarinnar studdu pa tilgatu pvi pessir
einstaklingar st6du sig almennt mun verr 4 6llum 10 préofunum sem notud voru i rannsokninni
til pess ad meta hugraena getu. Onnur tilgatan var ad einstaklingar med gedklofa syni sému
préun og heilbrigdir einstaklingar i samhengi vid hvernig hugran geta breytist med aldri. A
flestum profunum virtust badir hopar fylgja sama ferli en 4 nokkrum virtist frammistada
sjuklinganna vera stodugri seinna a lifsleidinni og pvi var tilgatan studd ad hluta til.
Nidurstodurnar gefa til kynna ad eintaklingar med gedklofa pjaist af verulegri hugraenni
skerdingu en ad liklegast proist skerding hugreennar getu 4 svipadan hatt og hja heilbrigdum
einstaklingum med aldri.

Lykilhugtok: gedklofi, hugran skerding, taugasalfredilega prof, dldrun.
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Schizophrenia, cognition and aging: Mapping cognitive deficits
and the relationship between test performance and aging

Schizophrenia is a psychiatric disorder that is characterized by a number of symptoms
including behavioral, cognitive and emotional dysfunctions that result in a lowered level of
functioning (American Psychiatric Association, 2013). Symptoms that are characterized by
an excess of what is considered normal have collectively been called positive symptoms and
they include delusions, hallucinations, disorganized thinking and abnormal motor behavior
(American Psychiatric Association, 2013; Tandon, Nasrallah, & Keshavan, 2009). Negative
symptoms are characterized by a lack of something that is normally present and include
reduced emotional expression, lack of initiative, inability to experience pleasure and little
interest in social interactions. Schizophrenia is a heterogeneous disorder and therefore
individuals with the disease show great variability in the combination of symptoms and each
individual rarely presents all the symptoms characteristic of the disorder. The lifetime
prevalence of the disorder appears to be approximately 0.5% and it usually presents itself in
early adulthood (American Psychiatric Association, 2013).
The cognitive deficits associated with schizophrenia

In addition to the negative and positive symptoms commonly linked to schizophrenia
individuals with the disease also tend to have significant neurocognitive deficits and the
authors of multiple studies have stated that the most predictive factor for how well people
with schizophrenia function in everyday life is their performance on neuropsychological tests
(American Psychiatric Association, 2013; Evans et al., 2003; Green, Kern, & Heaton, 2004;
Hofer et al., 2005; Mesholam-Gately, Giuliano, Goff, Faraone, & Seidman, 2009;
Semkovska, Bedard, Godbout, Limoge, & Stip, 2004). Numerous studies have been
performed with the aim of identifying the most common cognitive deficits in individuals with

schizophrenia and studies from across the world have put forth compatible results that
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suggest that the pattern of neurological deficits in schizophrenia is similar for all cultures
(Fujino et al., 2014; Schaefer, Giangrande, Weinberger, & Dickinson, 2013).

A general cognitive deficit in individuals with schizophrenia has been suggested and
it has been proposed that there is a common ability factor that is lacking within this group
(Dickinson, Ragland, Gold, & Gur, 2008; Keefe et al., 2006; Reichenberg, 2010). These
findings are in accordance with results from a recent Finnish review study, which revealed
that people with schizophrenia showed impairments on all neuropsychological tests reviewed
in the study (Tuulio-Henriksson et al., 2011). They suffered significant impairments
compared to a healthy control group as well as compared to individuals diagnosed with other
psychiatric disorders. The tests reviewed included tests of attention, memory, executive
function, verbal ability and psychomotor speed to name a few.

Other researchers have attempted to identify the most important measurements in
relation to cognitive deficits in schizophrenia and one study applied an exploratory factor
analysis to achieve this aim (Genderson et al., 2007). Applying it to the neurocognitive test
performance of individuals with schizophrenia identified seven important cognitive processes
that should be measured in individuals with schizophrenia to identify cognitive deficits. They
were verbal memory, working memory, visual memory, IQ/speed/fluency, executive
function, attention and digit span. These findings support the results of a previous study that
also focused on important cognitive factors in relation to schizophrenia and showed very
similar results (Nuechterlein et al., 2004).

Another review suggested three broader factors that could be used to assess
neuropsychological test performance and best discriminate between individuals with
schizophrenia and healthy controls (Lam et al., 2014). These factors were executive
functioning, vigilance/speed of processing and memory. They correspond with factors that

have been mentioned in a different study as the areas of cognition that are the most seriously
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affected in people with schizophrenia (Fatouros-Bergman, Cervenka, Flyckt, Edman, &
Farde, 2014). The factors mentioned in that study were verbal memory, speed of processing
and working memory. When the findings from these two studies are combined it could be
inferred that memory and executive functions are the areas of cognition that are the most
severely affected in individuals with schizophrenia. As further support, these areas of
cognition were actually mentioned by Reichenberg & Harvey (2007) as being the areas that
show the most severe deficits generally experienced by individuals suffering from
schizophrenia.

The relationship between cognitive deficits in schizophrenia and aging

Through the years there has been considerable disagreement amongst researchers
about what role age plays in the cognitive deficits evident among people with schizophrenia
(Shah, Qureshi, Jawaid, & Schulz, 2012). A literature review published in 2012 attempted to
determine whether there was evidence of increased cognitive decline as the disease
progresses with age but the findings were inconclusive. A similar number of studies
supported and refuted the idea that cognitive decline in schizophrenia increased or escalated
with age.

There is consensus among researchers that normal aging is accompanied by some
cognitive decline (Andrews-Hanna et al., 2007; Drag & Bieliauskas, 2010). The same
consensus applies when it comes to what is considered to be the normal trajectory of
cognitive aging. According to a review of the literature on cognitive aging by Drag and
Bieliauskas (2010), complex and effortful functions were more likely to be affected with age
than the more automatic processing. Earlier Andrews-Hanna et al. (2007) had conducted an
experiment focusing on the topic and had come to a similar conclusion suggesting that age-
related cognitive decline was connected to a widespread disturbance in higher order brain

functioning. Numerous studies have implied that the progression of the cognitive deficits in
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individuals with schizophrenia is no different from the normal development of cognitive
decline associated with normal aging (Eyler Zorrilla et al., 2000; Hoff, Svetina, Shields,
Stewart, & DeLisi, 2005; Irani, Kalkstein, Moberg, & Moberg, 2011; Jeste et al., 2003; Rajji
et al., 2013; Rund, 1998). This would be indicative of a cognitive development with no
interaction between being diagnosed with schizophrenia and aging, meaning that people
diagnosed with schizophrenia would show no more cognitive deterioration with age than
their healthy counterparts.

Other studies have however supported the idea of a different kind of a relationship
between age and the development of cognitive deficits and a review performed by Rajji &
Mulsant (2008) suggested that the cognitive deficits of individuals with schizophrenia were
stable to the age of 65 when the deterioration started to accelerate faster than in the healthy
population. Different studies have come to the same conclusion and proposed a nonlinear
progression process in schizophrenia where there are two different stages of the disease
progression throughout the lifetime where cognitive deficits develop from being stable in
early life to worsening when a certain age is reached (Friedman et al., 2001; Kurtz, 2005).
These results are supported in a more recent study published by Loewenstein, Czaja, Bowie,
& Harvey (2012). According to this study the cognition of older patients with schizophrenia
declined more with age than the cognition of comparable healthy individuals.

The present study

When the literature is reviewed it is clear that individuals diagnosed with
schizophrenia generally suffer from extensive cognitive deficits that affect their lives a great
deal. When it comes to the comparison of cognitive aging of individuals with schizophrenia
and healthy individuals the literature is not as clear. Some researchers have suggested that
the cognitive decline individuals with schizophrenia experience with age follows the same

pattern as the cognitive changes associated with normal aging of healthy individuals. Others
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have however presented results that indicate accelerated aging amongst individuals with
schizophrenia after a certain age. Comparable studies have however not been performed in
Iceland before and therefore the current study attempts to map these cognitive deficits and
their age related changes within the Icelandic population in an attempt to add to the
knowledgebase on the topic that can hopefully be used to improve the treatment of
individuals with schizophrenia in Iceland.

Based on earlier research it is hypothesized that individuals with schizophrenia
perform considerably worse than healthy individuals on neuropsychological tests that are
used to measure cognitive deficits. The extent of these deficits will be analyzed based on
each separate test. Given the literature on the relationship between age-related cognitive
changes of healthy individuals and individuals with schizophrenia it is hypothesized that the
cognitive aging of individuals with schizophrenia follows the same trajectory as the
cognitive aging of healthy individuals. Additionally, it will be considered whether
individuals with schizophrenia show signs of accelerated cognitive decline after a certain
age.

Method

Participants

Participants were randomly selected from a sample of approximately 100,000
Icelanders that had been genotyped by deCODE. The study’s sample consisted of 1291
individuals between the age of 18 and 65 of which 595 were male and 696 were female. All
participants had Icelandic as their first language. The sample had two groups that were
recruited from two different populations. The first group was the experimental group that
included 204 individuals that had been diagnosed with schizophrenia. The second group
was the control group and included 1087 healthy individuals that could be compared to the

experimental group. The recruitment method for the control group entailed sending an
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introduction letter to a sample of the 100,000 individuals that had been genotyped by
deCODE (see Appendix for the introduction letter). At a later time these individuals were
called and asked about their interest in participating in the study. As incentive to participate
in the study participants could choose between a fleece jacket and a 10,000 kr. store credit.
The recruitment method for the experimental group entailed an introduction of the study by
each patient’s physician. If the patient was interested in participating in the study he or she
was contacted at a later date with further information. Prior to participating in the study
participants signed an informed consent form after being informed about the handling of the
data collected during the study (see Appendix for the informed consent form). At any time
during the study the participants could withdraw consent. Prior to participating in the study
participants were also presented with a participant information sheet (see Appendix for
participant information sheet).

Participants were excluded from the experimental group if they were diagnosed with
intellectual disability or any other disorder of the central nervous system. Participants were
also excluded if they were active drug users. Participants were excluded from control groups
if any of the following applied; if they met psychoses criteria on the MINI interview; if they
were using antipsychotic drugs; if they were diagnosed with schizophrenia, schizoaffective,
autism, bipolar disorder, intellectual disability or developmental delay according to self
reports (or reports from parents).

Research Design and Measures

The study qualified as a quasi-experiment since participants were divided into
groups based on whether they had been diagnosed with schizophrenia or not and based on
the age of the participants at the time they participated in the study. The participants were
therefore not randomly distributed into groups. The study was based on a between-subject

design and included four independent variables. The first one was whether the participants
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were a part of the group of individuals diagnosed with schizophrenia or the group of healthy
individuals. The second variable was the age of the participants. The third and forth
variables were control variables; the participants’ gender and the participants’ level of
education. The education variable had three levels, elementary education,
matriculation/college education or equivalent or a university degree.

A number of dependent variables were used in the study to analyze the data. They
consisted of every individual’s results from a number of neuropsychological tests. The test
results used in the study included: Spatial working memory test (SWM), Wisconsin Card
Sorting Task (WCST) that measured the ability to alter cognitive sets in addition to
measuring mental flexibility, WASI Matrix Reasoning (MATRIX) that measured
performance intelligence, Trail making test (TMT) that measured mental flexibility and
psychomotor speed, Stroop test (STROOP) that measured the repression of habitual
responses, the logical memory subtest of the Wechsler Memory Scale 111 (LOG.MEM) that
measured memory, Rapid Visual Information Processing (RVIP) that measured sustained
attention, Letter fluency (LFL) and Category fluency (CFL) that measured verbal fluency
and finally WASI Vocabulary (VOCAB) that measured verbal intelligence. Scoring on the
tests varies, on SWM, STROOP, TMT and WCST a high score indicates a poor
performance. For the rest of the tests a high score is indicative of a good performance.
Procedure

The current study was based on data gathered for a larger study that had been
previously collected from 2006 to 2012. The Icelandic Bioethics Committee approved the
study (permit nr. 09-098-S1) and an announcement was sent to the Icelandic Data Protection
Authority on 23.10.2009. Participants were instructed to attend a session either at a
laboratory at Krokhals (healthy participants) or at the National University Hospital

(individuals with schizophrenia diagnosis). A number of neuropsychological tests were used
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to evaluate the cognitive abilities of the participants in the study. At the time of the
neuropsychological assessment individuals in the patient group were all in a stable condition
and taking the appropriate medication.

Some ethical consideration needed to be made during the study. The tests that the
participants went through were challenging and could make participants weary. It can also
be stressful to be under examination and having your cognitive ability assessed, especially
for individuals with schizophrenia since it is not uncommon for them to experience
cognitive deficits. Trained clinical psychologists administered the tests used in the study.
They were therefore prepared to evaluate the stress participants were experiencing and to
respond to any signs of stress in the correct manner so it could be minimized. Another
important ethical issue was how sensitive information collected during the study was stored.
Documents of the information collected during the study are kept where the study was
conducted (Krokhals and the National University Hospital). An encrypted database is in the
hands of researchers at the National University Hospital and at deCODE. All data has been
encrypted so the information for each participant cannot be linked to the name or any
identifiable information about the participant.

Statistical Analysis

A linear hierarchical multiple regression model was used to analyze the relationship
between presumed predictive factors and the dependent variables which consisted of the
performance on 10 neuropsychological tests. In the first step of the regression analysis three
independent variables were included; diagnostic group, gender and education. In the second
step an age variable was added to the model. Additionally, in order to evaluate whether
there was an interaction between the two independent variables of interest, diagnostic group
and age, a MANCOVA analysis with a 2 x 3 design and two control variables, gender and

education, was performed.
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A categorical age variable was created and used in the display of descriptive
statistics and in the MANCOV A analysis. The original age variable was recoded so that the
first group included individuals from the age of 18 to 34, the second group included
individuals from the age of 35 to 50 and the third group included individuals from the age of
50 to 65. For the purpose of calculating the z-scores for each neuropsychological test, 10
new variables were created. This was done by transforming the original scores of the tests to
z-scores using the mean and standard deviation of the normal population.

Results

In this study the performance of both individuals diagnosed with schizophrenia and
healthy individuals on 10 different neuropsychological tests was recorded and analyzed.
Descriptive statistics

Table 1 is a demographic table that shows the gender ratio and level of education for
both groups being studied.

Table 1

Demographic information for patient and control group

Group Gender
Female Male
n (%) n (%)
Healthy 448 (41) 639 (59)
Patient 147 (72) 57 (28)
Total 595 (46) 696 (54)
Education
Elementary Matriculation/ University
education college education degree
n (%) n (%) n (%)
Healthy 239 (22) 420 (39) 428 (39)
Patient 130 (64) 55(27) 19 (9)

Total 369 (29) 475 (37) 447 (34)
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For the whole set of participants the gender ratio was rather balanced but in the
patient group only a quarter of the participants were female. When the level of education for
the two groups is compared the numbers show that most individuals in the patient group only
had an elementary education while most of the healthy participants had completed a higher
level of education.

The mean and standard deviation for the results of both diagnostic groups on each
neuropsychological test is displayed in Table 2. The table shows that the individuals in the
control group received a better score than the individuals in the patient group on all of the
neuropsychological tests considered. Also included in the table are z-scores that show that in
general the patient group scored between one and two standard deviations below the mean of
the normal population.

Table 2

Neuropsychological test performance of both patient and control group

Control group Patient group

Test M SD N M SD N Z

SWM 17.47 12.37 1024 29.47 14.00 165 -0.97
WCST 13.50 11.05 1000 24.78 18.83 167 -1.02
MATRIX 25.75 5.37 1042 18.04 8.26 174 -1.44
T™MT 41.55 20.09 1005 78.20 52.21 167 -1.82
STROOP 30.65 10.44 1016 44.38 21.58 173 -1.32
LOG.MEM 26.97 7.55 1029 15.52 8.59 182 -1.52
RVIP 0.91 0.06 866 .85 0.07 148 -1.00
LFL 14.86 4.74 1035 9.79 5.32 182 -1.07
CFL 22.45 5.34 923 15.83 5.64 182 -1.24
VOCAB 67.37 14.75 1032 46.84 16.94 172 -1.39

Note. For SWM, STROOP, TMT and WCST a higher mean indicates poorer performance.

The performance on the tests was also considered in relation to age related
development. For this purpose the participants were divided into three age groups. The mean

and standard deviation for each age group’s performance is displayed in Table 3.
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Table 3
Neuropsychological test performance for different age groups
Age 18-34 Age 35-49 Age 50-65
(n=227) (n=362) (n=329)
Test M SD Z M SD Z M SD VA
SWM 11.19 1141 054 1835 12.63 0.00 2320 12.53 -0.37
WCST 9.37 7.97 039 1327 12,17 0.08 1871 13.56 -0.36
MATRIX 2745  4.56 037 2548 6.36 0.05 2327 625 -0.31
T™T 37.27 2347 028 4498 2962 0.01 51.17 2992 -0.20

STROOP 2798 10.61 031 3089 10.71 0.07 35.15 13.64 -0.28
LOGMEM 2796  8.12 024 2620 8.80 0.03 2436 7.80 -0.19

RVIP 0.91 0.08 0.10 0.91 0.05 0.08 0.89 0.06  -0.15
LFL 1477 448 0.07 1440 514 -0.01 1425 498 -0.04
CFL 22.01  5.28 0.05 21.89 6.18 0.02 2142 527 -0.06

VOCAB 60.62 1639 -0.19 6479 1597 0.07 6438 1582 0.05

Note. For SWM, STROOP, TMT and WCST a higher mean indicates poorer performance.

Also included in the table are z-scores for each group that are based on the overall
performance of all age groups. When considering the numbers for different age groups a
certain pattern emerges. In general, the older people were the worse they performed on the
neuropsychological tests. Only the results from the VOCAB test showed findings indicative
of improvement with age. Additionally, two tests showed very little difference based on age,
those were the LFL and CFL tests. These three tests are all used to measure verbal ability.
Regression analysis

A linear hierarchical multiple regression model was used to analyze the relationship
between the results on the neuropsychological tests and predictive factors. The relevant
statistics for the analysis are displayed in Table 4. In the first step the predictive factors
were which diagnostic group the participants belonged to, the participants gender and the
participants education level, the latter two being control variables. In the second step the age

of the participants was also included as a variable. This method was used to evaluate
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whether the age variable improved the predictability of the regression model. For the
purpose of the analysis the test scores were converted to z-scores in order to compare the
different tests.

Table 4

Hierarchal regression analysis for the z-scores of 10 neuropsychological test results

Step 1 Step 2
R? AR? R? B

Test Group  Gender Education Age
SWM 129%* 138 267*% - 0.953**  -0.304**  0.225%*%  -0.035%*
WCST 108** A13%* 221%*% 0 0.924**  -0.065  0.246*%*  -0.035%*
MATRIX 223%* A17%* 340%*  1.237**  -0.123*%  0.395%*  -0.036**
T™T 209%* 0527%* 261%*%  1.549**  0.154*  0.332%*%  -0.030**
STROOP A150%* 062%* 211%*  1116**  0.148*  0.266%*  -0.028**
LOG.MEM  .299*% 046%** 345%*%  1161**  0.398**  0.369*%*  -0.022%*
RVIP 129%* 014%* J143** - 0.826**  -0.060  0.237**  -0.011**
LFL 201%** 007** 208** - 0.726%*  0.202**  0.390*%*  -0.008**
CFL 235%* 010%** 245%* 1.038**  -0.071  0.381** -0.010**
VOCAB 224%* .003* 227*%  1.083%** 0.110 0.282**  0.006*

Note. The variables group, gender and education are included in step 1 but in step 2 the
variable age is also included. In the table values for B are only included for step 2, not step 1.
*p<.05. %% p<.0l.

Table 4 shows that for both steps of the regression models for each of the
neuropsychological tests the models were significant. The table also shows that the change
in R? was significant for each of the models and therefore age added to the models’
predictability for all of the 10 tests. When the estimated coefficients of the final model are
considered it is evident that in all cases the group variable was an important predictor for the
performance on the neuropsychological tests being considered. The relationship between the
group variable and test performance was strongest for the TMT test, the MATRIX test, the
LOG.MEM test and the STROOP test but it was the weakest for the LFL test, the RVIP test,

the WCST test and the SWM test.
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When the predictability of the age variable was considered the relationship between
the age variable and test performance was the strongest for the MATRIX test, the SWM test
and the WCST test. It was however weakest for the VOCAB test, followed by the CFL and
LFL tests and the RVIP test. Two control variables were used in the model and one of them,
education, was always significant while the other, gender, was only significant for six of the
10 neuropsychological tests.

An attempt was made to assess the interaction between the group variable and the
age variable using the regression model but because of problems with multicollinearity this
was not possible since the correlation between the age variable and the variable created to
evaluate the interaction was too high.

MANCOVA analysis of interaction between variables

In order to assess whether an interaction existed between the two variables a
MANCOVA analysis was performed using the z-scores based on the results of the
neuropsychological tests. The variables used were the same as for the regression models
except for the age variable that was divided into three age groups, the same groups used in
the descriptive statistics. The relevant results are displayed in Table 5.

A Levene’s test was used to see if homogeneity of variance could be assumed for the
dependent variables. According to the Levene’s test it could be assumed for four of the 10
neuropsychological tests. The severity of this is most likely not too great due to the high
number of participants in each experimental group, each group had no less that 30
participants. Using Phillai’s trace, there was a significant effect of the interaction between
diagnostic group and age group, V' = .06, F(20, 1804) =2.75, p <.001. The table shows that
there was an interaction between participants’ age and diagnostic group on three tests, the

SWM test, the CFL test and the MATRIX test.
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Table 5
MANCOVA analysis for the interaction between group and age using z-scores for

neuropsychological test results

Levene's test Interaction

Tests F p F p
SWM 4.62 <.001 3.24 .040
WCST 34.77 <.001 1.22 296
MATRIX 25.47 <.001 13.24 <.001
T™T 54.42 <.001 2.66 071
STROOP 16.83 <.001 0.55 577
LOG.MEM 2.57 .026 2.61 074
RVIP 1.61 154 0.95 389
LFL 4.02 .001 1.68 188
CFL 0.93 459 7.54 .001
VOCAB 1.75 122 1.74 175

These interactions are visible in Figure 1 which shows z-scores for the performance
of each age group for both healthy individuals and individuals diagnosed with schizophrenia
on all 10 neuropsychological tests. The performance on the SWM test and the MATRIX test
developed in a similar way. The control group showed a similar rate of decline between age
groups while the patient group showed a fast decline between the first and second age
groups but then showed stability or even a slight improvement between the second and third
age groups. The performance on the CFL test developed in a somewhat different way. The
control group stayed relatively steady through all age groups with a slightly better
performance for the second age group. The patient group showed the opposite development
but more pronounced. The second group performed considerably worse than the first group
but the third group also performed much better than the second group. According to
Bonferroni tests on the results of all three tests, no statistically significant difference was

between the performance of the second and third age group for the individuals suffering
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from schizophrenia. Based on these findings it would be appropriate to assume that in these

three cases the test performance stayed rather stable in later life.
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Figure 1.Z-score for performance of both diagnostic groups divided into three age groups on

all 10 neuropsychological tests.

In spite of the fact that in most cases no interaction was visible between age and
diagnosis in relation to the performance on neuropsychological test, Figure 1 shows a
slightly different trend for healthy individuals and individuals with schizophrenia. Those
that were healthy generally showed a gradual lowering of performance with age, even
though this did not fully apply for tests that evaluated verbal ability. When the performance
of individuals with schizophrenia was considered it was evident that while the youngest
group generally showed the best performance, the two older groups showed similar

performance on a number of the tests, which is indicative of a decline in performance early
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in life with more stability later in life. Finally, Figure 1 graphically depicts the difference
between the performance of healthy individuals and individuals with schizophrenia. On
most of the tests even the oldest healthy group outperformed the youngest group of
individuals with schizophrenia. When the numbers themselves are viewed even the
youngest group of individuals with schizophrenia did not show performance with a z-score
higher that zero on any of the neuropsychological tests used in the analysis.

Discussion

The purpose of the study was to map the extent of the cognitive deficits individuals
with schizophrenia exhibit and to examine age related changes in cognition, both in
comparison to healthy individuals within the Icelandic population. First, it was hypothesized
that individuals with schizophrenia show pronounced cognitive deficits when compared to
healthy individuals. For the sample used in the study the performance of individuals
diagnosed with schizophrenia was considerably worse than the performance of healthy
individuals on all 10 neuropsychological tests used in the analysis. When the performance
scores were converted into z-scores it was evident that in general individuals with
schizophrenia performed on average between approximately one and two standard
deviations below individuals in the healthy control group. These findings are in agreement
with the findings of a number of studies that have focused on the subject (Dickinson et al.,
2008; Keefe et al., 2006; Reichenberg, 2010; Tuulio-Henriksson et al., 2011). In light of
these findings it can be stated that the hypothesis has been supported.

The variation in the extent of the cognitive deficits when considered based on
separate areas of cognition is also in relative accordance with the literature on which areas
of cognition are usually most severely affected (Fatouros-Bergman et al., 2014; Lam et al.,
2014; Reichenberg & Harvey, 2007). According to these studies the areas of cognition that

are most severely affected in individuals with schizophrenia are executive function and
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memory. This corresponds to the fact that in the present study, the neuropsychological test
results that showed the greatest difference between healthy individuals and individuals with
schizophrenia were the TMT test, the MATRIX test, the LOG.MEM test and the STROOP
test which are all relevant when either executive functioning or memory is being evaluated.
When combined, these findings suggest that individuals with schizophrenia show both
general cognitive deficits compared to healthy individuals as well as displaying more
serious deficits related to executive function and memory.

Second, it was hypothesized that the cognitive decline of individuals with
schizophrenia and healthy individuals follows the same age related trajectory. When the
findings of the analysis of the age related cognitive decline were evaluated it was evident
that the findings were not in complete agreement with the original hypothesis. For seven of
the 10 neuropsychological tests considered in the study, the age related cognitive decline of
individuals followed the same trajectory as the cognitive decline of healthy individuals. This
is in accordance with the findings of numerous previous research that suggests the same
age-related trajectory for healthy individuals and individuals with schizophrenia (Hoff et al.,
2005; Irani et al., 2011; Rajji et al., 2013). However, in some cases the results of the
analysis indicated that the cognition of individuals with schizophrenia stayed rather stable or
even improved slightly in later life after having declined faster than the cognition of healthy
individuals earlier in life. This interaction was visible in the results of the SWM test, the
CFL test and the MATRIX test. These particular findings do not support the hypothesis and
are also in contrast with the findings of previous studies that have suggested a process of
accelerated aging in later life (Friedman et al., 2001; Kurtz, 2005; Loewenstein et al., 2012;
Rajji & Mulsant, 2008). Therefore there is partial support for the hypothesis that individuals
with schizophrenia show the same pattern as healthy individuals when it comes to the

cognitive decline associated with aging.
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Strengths and limitations

It is important to discuss the limitations of the study, which are mostly in relation to
the evaluation of age related cognitive decline. It must be considered that the data gathered
in the study is based on cross-sectional between-subject information and therefore care
should be taken when discussing a possible change linked to the process of aging. An
additional age related problem with the study is the fact that the oldest participant in the
study is only 65 years old. This is limiting since some of the literature on age related
cognitive decline of individuals with schizophrenia suggests that the acceleration of decline
in individuals with schizophrenia starts around the age of 65 (Rajji & Mulsant, 2008). It
should however be noted that most recent studies on the topic have either been cross-
sectional or longitudinal with a span of 10 years or less and have generally been performed
on individuals that are around or under the age of 65 and therefore the design of the present
study is similar to other studies in the field (Hoff et al., 2005; Irani et al., 2011; Rajji et al.,
2013).

Another limitation related to age is the fact that the data analysis in the study is
based on linear models. This could be problematic since it is possible that the cognitive
decline that accompanies age does not follow a linear trajectory (Friedman et al., 2001).
Perhaps, other more suitable statistical methods should be considered when performing
similar research on the topic in the future.

The final limitation to be mentioned in relation to the age variable has to do with the
tests used to evaluate cognition and the possibility of floor effects in relation to them. One
reason for the similarity between the second and third age group within the patient group
could be the fact that the tests were not detecting the extent of the cognitive deficits these
individuals were showing. Another possible explanation for the similarity between the

second and third age group could be that individuals that are most severely affected by
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schizophrenia are the ones that are the least likely to participate in studies such as the ones
being considered in this context. Therefore, these two limitations could be the reason why
the data is showing such similarity between the second and third age groups of individuals
with schizophrenia. This limits the efforts of trying to see if people with schizophrenia
follow the same trajectory as healthy individuals or if their decline is accelerated in older
age.

Another limitation of the study is the gender ratio in the patient group since only
28% of the participants in that group were female while they were 59% of the healthy
population. This imbalance could be problematic when it comes to the external validity of
the study. A similar imbalance is evident when the education of participants in different
groups is compared. While most participants in the patient group had only finished
elementary education, most of the individuals in the healthy group had a level of education
that exceeded an elementary education. In order to counteract these imbalances gender and
education were used as control variables throughout the data analysis, which hopefully has
reduced the effect of this limitation.

Even though the study has a number of limitations it also has some notable
strengths. Given the vulnerability and lowered functioning of the participants that make up
the group of interest in the study, the group of individuals diagnosed with schizophrenia, it
is quite remarkable how many agreed to participate in the study. Additionally, the control
group used in the study consisted of a very high number of participants. This high number
of participants in both groups is a great strength for the study. There is a unique situation in
Iceland since access to individuals with schizophrenia is much more extensive than
elsewhere. This is most likely due to the fact that Iceland is a small country with a rather
strong healthcare system and therefore individuals in Iceland that suffer from severe

disability because of their disease are more likely to still be in contact with healthcare
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professionals, while individuals in the same situations in other countries would probably
have lost the connection to the healthcare systems as a result of their symptoms. Given the
circumstances in Iceland, this presents an exciting opportunity regarding the study of
various aspects of schizophrenia.

Future directions and conclusions

Given the situation in Iceland some interesting future directions regarding further
research can be suggested. One possibility is to introduce and study an intervention that is
based on information gathered about the cognitive deficits characteristic of schizophrenia,
Iceland would be especially suitable for this kind of research because of the relatively easy
access to patients suffering from schizophrenia. Another future direction that is important in
light of the contradicting findings regarding the age related progression of cognitive decline
in individuals with schizophrenia would be to conduct a longitudinal study on the subject.
Again, for the same reasons as before, Iceland would be especially well suitable for this
kind of a research since it would require extensive access to participants.

In light of the limitations that have been mention, the study’s findings should be
interpreted with caution. Even so, the study’s results support previous research regarding the
considerably extensive general cognitive deficits individuals with schizophrenia experience
in comparison with healthy individuals. The support for previous research on how cognitive
decline develops with age is not as conclusive, although there is at least partial support for the
literature that states that individuals with schizophrenia follow the same trajectory as healthy

individuals when it comes to cognitive aging.
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Appendix

Introduction letter

Kynningarbréf vegna bods um pdtttoku i visindarannsokn a
ahrifum eintakabreytileika i erfoamenginu

Keeri vidotakandi

Med pessu bréfi viljum vid kynna fyrir pér sem fyrrum patttenda i rannséknum IE nyja
rannsokn okkar a dhrifum eintakabreytileika i erfdamenginu. Rannséknin er samstarfsverkefni
Islenskrar erfdagreiningar, Landspitala- haskélasjikrahtiss og Greiningar- og radgjafastodvar
rikisins. Einstaklingum ar prem hépum er bodid ad taka patt i rannsékninni:

e Urtaki eitt pisund einstaklinga sem adur hafa tekid patt i einhverri rannsékna IE undir
vioteekari gerd sampykkja (B sampykki), og hafa par med sampykkt ad nota megi
upplysingar og géogn um pa i rannséknir sem hlotid hafa sampykki Persénuverndar og
Visindasidanefndar.

* 500 skjolstaedingum Greiningar- og radgjafarstoovar rikisins sem hafa greinst med
proskahémlun

* 200 skjolstedingum Barna- og unglingageddeidlar og Geddeildar Landspitalans sem hafa
greinst med gedrofssjukdom (gedklofa, gedhvorf eda skyldar raskanir).

bér er sent pett bréf par sem pu tilheyrir fyrst nefnda hépnum hér ad ofan, p.e. drtakshép ur
fyrri rannséknum IE.

Eintakabreytileikar { erfdamenginu visa til breytileika sem annad hvort er margfoldun eda
urfelling samfelldra litningasvaeda. Flestir ef ekki allir bera mismarga slika eintakabreytileika i
erfdamengi sinu. [ flestum tilvikum eru A&hrif pessa 6pekkt en pé eru pekkt tengsl
eintakabreytileika 4 dkvednum litningasveedum vid tiltekin heilkenni. Faa eintakabreytileika
hefur hinsvegar verid haegt ad tengja algengari sjukdomum eda eiginleikum.

Rannsoknin midar ad pvi ad rannsaka ahrif eintakabreytileika i erfdamenginu 4 ymsa peetti
huglaegrar getu, voxt og proska og 4 hugsanleg ahrif peirra 4 tilurd proskafravik og gedklofa.

Urtakshépurinn sem pu tilheyrir er mikilvaegur til skilgreiningar 4 algengi og dreifingu {
almennu pyodi 4 peim breytum sem eru til skodunar. p.e. baedi eintakabreytileikanna i
erfdamenginu og peirra svipgerda sem 4 ad skoda.

batttaka { rannsdkninni felst { a0 maeta i Pjonustumiostod rannsdknaverkefna ad Kréokhalsi 5d
og gefa blédprufu, auk pess ad svara spurningalista og undirgangast nokkur taugasalfraedileg
verkefni og meaelingar. Nanar skyringar ma finna i hjalogdum upplysingum og sampykkisbladi.

Par sem heimsdknin i rannséknarsetrid kann ad taka allt ad 3-5 klukkustundir geta
patttakendur valid um ao fa greiddar 10.000 kr upp i vinnutap og ferdakostnad eda gjof ad sama
andvirdi. Rannsoknin hefur hlotio leyfi Persénuverndar og Visindasidanefndar.

Hafir pu spurningar vardandi rannséknina getur pu hringt { Pjénustumidstdd rannséknaverkefna i
sima 520-2800 og raett par vio starfsmenn rannséknarinnar eda skilid eftir skilabod til
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abyrgoaradilanna. Stadfestingu um patttoku getur pu tilkynnt { sama sima en ef vio heyrum ekki fra
pér pa mun verda haft samband vid pig innan tveggja vikna til ad kanna dhuga pinn a patttoku.

Eg vona ad pu takir pessari malaleitan okkar vel, en pér er ad sjalfsogdu heimilt ad hafna
patttoku dn nokkurra skyringa og pa getur pua heaett patttoku hveneer sem er.

ah" ngr-e (u 1y

Kari Stefansson laeknir og forstjéri [slenskrar erfdagreiningar
Abyrgdarmadur ranns6knarinnar
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Consent forms

A
Sampykki fyrir patttoku i rannsokn a taugasalfraedi geoklofa.
Sampykki peirra sem ekki hafa tekid patt i erfoafraedirannsoknum adur

1. Med undirskrift minni hér ad nedan stadfesti ég pa dkvordun mina ad taka patt
rannsokn 4 taugasalfredi gedklofa 4 vegum geddeildar Landspitala —
Haskolasjukrahtiss og Islenskrar erfdagreiningar. Abyrgdarmadur rannsoknarinnar
er Hannes Pétursson svidsstjori.

2. Eg stadfesti ad ég hef lesid og skilid efnislegt innihald pessarar
sampykkisyfirlysingar og mér hefur gefist teekifaeri 4 ad kynna mér medfylgjandi
upplysingabréf par sem fjallad er um tilgang og framkvamd rannséknarinnar. Eg
hef fengi0 tekifeeri til ad spyrja ndnar um pau atridi sem voru mér ekki 1jos og hef
fengid vidunandi svor vid spurningum minum.

3. Eg stadfesti skiling minn 4 edli peirrar dhzttu sem er pvi samfara ad taka patt
rannsokn pessari.

4. Eg bind patttoku mina pvi skilyrdi ad allar rannsoknir sem kunna ad verda gerdar
4 nidurstodum eda upplysingum sem ég hef 14tid 1 t€ séu i samraemi vid gildandi
16g og reglur um visindarannsoknir og 611 medferd upplysinga uppfylli krofur
Personuverndar og Visindasidanefndar enda séu engar rannsoknir gerdar an
sampykkis pessara adila.

5. Eg stadfesti ad upplysingar sem munu fast r erfdafreedirannsokn, ef ég  kys ad
taka patt 1 peirri rannsokn, megi tengja vid nidurstodur
taugasalfraedirannsoknarinnar.

6. Vi0 lok rannsOknarinnar krefst ég pess ad 6llum gégnum og upplysingum sem fra
mér hefur verid safnad sé eytt og verdi ekki notadar til annarra rannsdkna en
peirrar sem ég hef sampykkt.
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Sampykkisyfirlysing pessi skal vera i tveimur eintokum og skal patttakandi halda eftir
60ru eintakinu dsamt upplysingabréfi um rannsdknina. Hitt eintakid verdur vardveitt a

rannsOknarstofu geddeildar.

Sampykki patttakenda og/eda forradamanns (ef forradamadur undirritar parf ad tiltaka

tengsl hans vid patttakanda)

Nafn patttakanda kennitala dags.

Nafn forrddamanns kennitala dags.

Brynja Bjork Magnusdottir

undirskrift dags.

Eg stadfesti hér med ad edli og tilgangur rannsoknar 4 taugsalfradi gedklofa hefur verid
kynntur fyrir ofangreindum péatttakenda og/eda forrddamanni i samreemi vid 16g og reglur

um visindarannsoknir.
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B
Sampykki fyrir patttoku i rannsokn a taugasalfraedi geoklofa.
Sampykki peirra sem ekki hafa tekid patt i erfoafraedirannsoknum adur

1. Med undirskrift minni hér ad nedan stadfesti ég pa dkvordun mina ad taka patt
rannsokn 4 taugasalfredi gedklofa 4 vegum geddeildar Landspitala —
Haskolasjukrahtiss og Islenskrar erfdagreiningar. Abyrgdarmadur rannsoknarinnar
er Hannes Pétursson svidsstjori.

2. Eg stadfesti ad ég hef lesid og skilid efnislegt innihald pessarar
sampykkisyfirlysingar og mér hefur gefist teekifaeri 4 ad kynna mér medfylgjandi
upplysingabréf par sem fjallad er um tilgang og framkvamd rannsoknarinnar. Eg
hef fengio tekifeeri til ad spyrja ndnar um pau atridi sem voru mér ekki 1jos og hef
fengid vidunandi svor vid spurningum minum.

3. Eg stadfesti skiling minn 4 edli peirrar dhzttu sem er pvi samfara ad taka patt
rannsokn pessari.

4. Eg bind patttoku mina pvi skilyrdi ad allar rannsoknir sem kunna ad verda gerdar
4 nidurstodum eda upplysingum sem ég hef 14tid 1 t€ séu i samrami vid gildandi
16g og reglur um visindarannsoknir og 611 medferd upplysinga uppfylli krofur
Personuverndar og Visindasidanefndar enda séu engar rannsoknir gerdar an
sampykkis pessara adila.

5. Eg stadfesti ad upplysingar sem munu fast r erfdafreedirannsokn, ef ég kys ad
taka patt 1 peirri rannsokn, megi tengja vid nidurstodur
taugasalfraedirannsoknarinnar.

6. Eg veiti abyrgdaradilum pessarar rannsoknar leyfi til ad vardveita upplysingar um
mig sem fast ur pessari rannsokn undir kéda og nota til rannsdkna & sjukdomnum
og skyldum sjukdémum sidar meir en ekki nema per rannsoknir hafi fengio
umfjollun og sampykki Personuverndar og Visindasidanefndar.
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Sampykkisyfirlysing pessi skal vera i tveimur eintokum og skal patttakandi halda eftir
60ru eintakinu dsamt upplysingabréfi um rannsdknina. Hitt eintakid verdur vardveitt a

rannsOknarstofu geddeildar.

Sampykki patttakenda og/eda forradamanns (ef forradamadur undirritar parf ad tiltaka

tengsl hans vid patttakanda)

Nafn patttakanda kennitala dags.

Nafn forrddamanns kennitala dags.

Brynja Bjork Magnusdottir

undirskrift dags.

Eg stadfesti hér med ad edli og tilgangur rannsoknar 4 taugsalfradi gedklofa hefur verid
kynntur fyrir ofangreindum péatttakenda og/eda forrddamanni i samreemi vid 16g og reglur

um visindarannsoknir.
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A
Sampykki fyrir patttoku i rannsokn a taugasalfraedi geoklofa.
Sampykki samanburdarhops sem hefur tekio patt i fyrri erfoafraedirannsoknum

1. Med undirskrift minni hér ad nedan stadfesti ég pa akvordun mina ad taka patt
rannsokn 4 taugasalfredi gedklofa 4 vegum geddeildar Landspitala —
Haskolasjukrahtiss og Islenskrar erfdagreiningar. Abyrgdarmadur rannsoknarinnar
er Hannes Pétursson svidsstjori.

2. Eg stadfesti ad ég hef lesid og skilid efnislegt innihald pessarar
sampykkisyfirlysingar og mér hefur gefist teekifaeri 4 ad kynna mér medfylgjandi
upplysingabréf par sem fjallad er um tilgang og framkvamd rannsoknarinnar. Eg
hef fengio tekifeeri til ad spyrja ndnar um pau atridi sem voru mér ekki 1jos og hef
fengid vidunandi svor vid spurningum minum.

3. Eg stadfesti skiling minn 4 edli peirrar dhzttu sem er pvi samfara ad taka patt
rannsokn pessari.

4. Eg bind patttoku mina pvi skilyrdi ad allar rannsoknir sem kunna ad verda gerdar
4 nidurstodum eda upplysingum sem ég hef 14tid 1 t€ séu i samrami vid gildandi
16g og reglur um visindarannsoknir og 611 medferd upplysinga uppfylli krofur
Personuverndar og Visindasidanefndar enda séu engar rannsoknir gerdar an
sampykkis pessara adila.

5. Eg sampykki ad nidurstddur sem fengust um mig i fyrri rannsékn 4 arfgerd
gedklofa verdi nyttar i pessari rannsokn.

6. Vi0 lok rannsoknarinnar krefst ég pess ad 6llum gégnum og upplysingum sem fra
mér hefur verid safnad sé eytt og verdi ekki notadar til annarra rannsdkna en
peirrar sem ég hef sampykkt.

Sampykkisyfirlysing pessi skal vera i tveimur eintokum og skal patttakandi halda eftir
60ru eintakinu dsamt upplysingabréfi um rannsoknina. Hitt eintakid verdur vardveitt a

rannsOknarstofu geddeildar.
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Sampykki patttakenda og/eda forradamanns (ef forradamadur undirritar parf ad tiltaka

tengsl hans vi0 patttakanda)

Nafn patttakanda kennitala dags.

Nafn forrddamanns kennitala dags.

Brynja Bjork Magnusdottir

undirskrift dags.

Eg stadfesti hér med ad edli og tilgangur rannsoknar 4 taugsalfradi gedklofa hefur verid
kynntur fyrir ofangreindum péatttakenda og/eda forrddamanni i samreemi vid 16g og reglur

um visindarannsoknir.
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B
Sampykki fyrir patttoku i rannsokn a taugasalfraedi geoklofa.
Sampykki samanburdarhops sem hefur tekio patt i fyrri erfoafraedirannsoknum

1. Med undirskrift minni hér ad nedan stadfesti ég pa akvordun mina ad taka patt
rannsokn 4 taugasalfredi gedklofa 4 vegum geddeildar Landspitala —
Haskolasjukrahtiss og Islenskrar erfdagreiningar. Abyrgdarmadur rannsoknarinnar
er Hannes Pétursson svidsstjori.

2. Eg stadfesti ad ég hef lesid og skilid efnislegt innihald pessarar
sampykkisyfirlysingar og mér hefur gefist teekifaeri 4 ad kynna mér medfylgjandi
upplysingabréf par sem fjallad er um tilgang og framkvamd rannsoknarinnar. Eg
hef fengio tekifeeri til ad spyrja ndnar um pau atridi sem voru mér ekki 1jos og hef
fengid vidunandi svor vid spurningum minum.

3. Eg stadfesti skiling minn 4 edli peirrar dhzttu sem er pvi samfara ad taka patt i
rannsokn pessari.

4. Eg bind patttoku mina pvi skilyrdi ad allar rannsoknir sem kunna ad verda gerdar
4 nidurstodum eda upplysingum sem ég hef 14tid 1 t€ séu i samraemi vid gildandi
16g og reglur um visindarannsoknir og 611 medferd upplysinga uppfylli krofur
Personuverndar og Visindasidanefndar enda séu engar rannsoknir gerdar an
sampykkis pessara adila.

5. Eg sampykki ad nidurstddur sem fengust um mig i fyrri rannsékn 4 arfgerd
gedklofa verdi nyttar i pessari rannsokn.

6. Eg veiti abyrgdaradilum pessarar rannsoknar leyfi til ad vardveita upplysingar um
mig sem fast ur pessari rannsokn undir kéda og nota til rannsdkna & sjukdéomnum
og skyldum sjukdémum sidar meir en ekki nema per rannsoknir hafi fengio
umfjollun og sampykki Personuverndar og Visindasidanefndar.
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Sampykkisyfirlysing pessi skal vera i tveimur eintokum og skal patttakandi halda eftir
60ru eintakinu dsamt upplysingabréfi um rannsdknina. Hitt eintakid verdur vardveitt a

rannsOknarstofu geddeildar.

Sampykki patttakenda og/eda forradamanns (ef forradamadur undirritar parf ad tiltaka

tengsl hans vid patttakanda)

Nafn patttakanda kennitala dags.

Nafn forrddamanns kennitala dags.

Brynja Bjork Magnusdottir

undirskrift dags.

Eg stadfesti hér med ad edli og tilgangur rannsoknar 4 taugsalfradi gedklofa hefur verid
kynntur fyrir ofangreindum péatttakenda og/eda forrddamanni i samreemi vid 16g og reglur

um visindarannsoknir.
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A
Sampykki fyrir patttoku i rannsokn a taugasalfraedi gedklofa.
Sampykki sjuklinga sem hafa tekid patt i erfoafraedirannsokn

1. Med undirskrift minni hér ad nedan stadfesti ég pa akvordun mina ad taka patt
rannsokn 4 taugasalfredi gedklofa 4 vegum geddeildar Landspitala —
Haskolasjukrahiiss og Islenskrar erfdagreiningar. Abyrgdarmadur rannsoknarinnar
er Hannes Pétursson svidsstjori.

2. Eg stadfesti ad ég hef lesid og skilid efnislegt innihald pessarar
sampykkisyfirlysingar og mér hefur gefist teekifaeri 4 ad kynna mér medfylgjandi
upplysingabréf par sem fjallad er um tilgang og framkvamd rannsoknarinnar. Eg
hef fengio tekifeeri til ad spyrja ndnar um pau atridi sem voru mér ekki 1jos og hef
fengid vidunandi svor vid spurningum minum.

3. Eg stadfesti skiling minn 4 edli peirrar dhzttu sem er pvi samfara ad taka patt i
rannsokn pessari.

4. Eg bind patttoku mina pvi skilyrdi ad allar rannsoknir sem kunna ad verda gerdar
4 nidurstodum eda upplysingum sem ég hef 14tid 1 t€ séu i samrami vid gildandi
16g og reglur um visindarannsoknir og 611 medferd upplysinga uppfylli krofur
Personuverndar og Visindasidanefndar enda séu engar rannsoknir gerdar an
sampykkis pessara adila.

5. Eg sampykki ad nidurstddur sem fengust um mig i fyrri rannsékn 4 arfgerd
gedklofa verdi nyttar i pessari rannsokn.

6. Vi0 lok rannsoknarinnar krefst ég pess ad 6llum gégnum og upplysingum sem fra
mér hefur verid safnad sé eytt og verdi ekki notadar til annarra rannsdkna en
peirrar sem ég hef sampykkt.

7. Eg stadfesti med upphafstofum ad hafa megi samband vid @ttingja mina um
patttoku i rannsoknum.

Ja Nei
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Sampykkisyfirlysing pessi skal vera i tveimur eintokum og skal patttakandi halda eftir
60ru eintakinu dsamt upplysingabréfi um rannsdknina. Hitt eintakid verdur vardveitt a

rannsOknarstofu geddeildar.

Sampykki patttakenda og/eda forradamanns (ef forradamadur undirritar parf ad tiltaka

tengsl hans vid patttakanda)

Nafn patttakanda kennitala dags.

Nafn forrddamanns kennitala dags.

Brynja Bjork Magnusdottir

undirskrift dags.

Eg stadfesti hér med ad edli og tilgangur rannsoknar 4 taugsalfradi gedklofa hefur verid
kynntur fyrir ofangreindum péatttakenda og/eda forrddamanni i samreemi vid 16g og reglur

um visindarannsoknir.
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B
Sampykki fyrir patttoku i rannsokn a taugasalfraedi geoklofa.
Sampykki sjuklinga sem hafa tekid patt i erfoafraedirannsokn

1. Med undirskrift minni hér ad nedan stadfesti ég pa akvordun mina ad taka patt
rannsokn 4 taugasalfredi gedklofa 4 vegum geddeildar Landspitala —
Haskolasjukrahtiss og Islenskrar erfdagreiningar. Abyrgdarmadur rannsoknarinnar
er Hannes Pétursson svidsstjori.

2. Eg stadfesti ad ég hef lesid og skilid efnislegt innihald pessarar
sampykkisyfirlysingar og mér hefur gefist teekifaeri 4 ad kynna mér medfylgjandi
upplysingabréf par sem fjallad er um tilgang og framkvamd rannsoknarinnar. Eg
hef fengio tekifeeri til ad spyrja ndnar um pau atridi sem voru mér ekki 1jos og hef
fengid vidunandi svor vid spurningum minum.

3. Eg stadfesti skiling minn 4 edli peirrar dhzttu sem er pvi samfara ad taka patt
rannsokn pessari.

4. Eg bind patttoku mina pvi skilyrdi ad allar rannsoknir sem kunna ad verda gerdar
4 nidurstodum eda upplysingum sem ég hef 14tid 1 t€ séu i samrami vid gildandi
16g og reglur um visindarannsoknir og 611 medferd upplysinga uppfylli krofur
Personuverndar og Visindasidanefndar enda séu engar rannsoknir gerdar an
sampykkis pessara adila.

5. Eg sampykki ad nidurstddur sem fengust um mig i fyrri rannsékn 4 arfgerd
gedklofa verdi nyttar i pessari rannsokn.

6. Eg veiti abyrgdaradilum pessarar rannsoknar leyfi til ad vardveita upplysingar um
mig sem fast ur pessari rannsokn undir kéda og nota til rannsdkna & sjukdéomnum
og skyldum sjukdémum sidar meir en ekki nema per rannsoknir hafi fengio
umfjollun og sampykki Personuverndar og Visindasidanefndar.

7. Eg stadfesti med upphafstofum ad hafa megi samband vid @ttingja mina um
patttoku i rannsoknum.

Ja Nei
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Sampykkisyfirlysing pessi skal vera i tveimur eintokum og skal patttakandi halda eftir
60ru eintakinu dsamt upplysingabréfi um rannsdknina. Hitt eintakid verdur vardveitt a

rannsOknarstofu geddeildar.

Sampykki patttakenda og/eda forradamanns (ef forradamadur undirritar parf ad tiltaka

tengsl hans vid patttakanda)

Nafn patttakanda kennitala dags.

Nafn forrddamanns kennitala dags.

Brynja Bjork Magnusdottir

undirskrift dags.

Eg stadfesti hér med ad edli og tilgangur rannsoknar 4 taugsalfradi gedklofa hefur verid
kynntur fyrir ofangreindum péatttakenda og/eda forrddamanni i samreemi vid 16g og reglur

um visindarannsoknir.
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A
Sampykki fyrir patttoku i rannsokn a taugasalfraedi gedklofa.
Sampykki nyrra sjuklinga

1. Med undirskrift minni hér ad nedan stadfesti ég pa akvordun mina ad taka patt
rannsokn 4 taugasalfredi gedklofa 4 vegum geddeildar Landspitala —
Haskolasjukrahtiss og Islenskrar erfdagreiningar. Abyrgdarmadur rannsoknarinnar
er Hannes Pétursson svidsstjori.

2. Eg stadfesti ad ég hef lesid og skilid efnislegt innihald pessarar
sampykkisyfirlysingar og mér hefur gefist teekifaeri 4 ad kynna mér medfylgjandi
upplysingabréf par sem fjallad er um tilgang og framkvamd rannsoknarinnar. Eg
hef fengio tekifeeri til ad spyrja ndnar um pau atridi sem voru mér ekki 1jos og hef
fengid vidunandi svor vid spurningum minum.

3. Eg stadfesti skiling minn 4 edli peirrar dhzttu sem er pvi samfara ad taka patt i
rannsokn pessari.

4. Eg bind patttoku mina pvi skilyrdi ad allar rannsoknir sem kunna ad verda gerdar
4 nidurstodum eda upplysingum sem ég hef 14tid 1 t€ séu i samrami vid gildandi
16g og reglur um visindarannsoknir og 611 medferd upplysinga uppfylli krofur
Personuverndar og Visindasidanefndar enda séu engar rannsoknir gerdar an
sampykkis pessara adila.

5. Eg stadfesti ad upplysingar sem munu fast r erfdafreedirannsokn, ef ég kys ad
taka patt 1 peirri rannsokn, megi tengja vid nidurstédur
taugasalfraedirannsoknarinnar.

6. Vi0 lok rannsoknarinnar krefst ég pess ad 6llum gégnum og upplysingum sem fra
mér hefur verid safnad sé eytt og verdi ekki notadar til annarra rannsdkna en
peirrar sem ég hef sampykkt.

7. Eg stadfesti med upphafstofum ad hafa megi samband vid @ttingja mina um
patttoku i rannsoknum.

Ja Nei
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Sampykkisyfirlysing pessi skal vera i tveimur eintokum og skal patttakandi halda eftir
60ru eintakinu dsamt upplysingabréfi um rannsdknina. Hitt eintakid verdur vardveitt a

rannsOknarstofu geddeildar.

Sampykki patttakenda og/eda forradamanns (ef forradamadur undirritar parf ad tiltaka

tengsl hans vid patttakanda)

Nafn patttakanda kennitala dags.

Nafn forrddamanns kennitala dags.

Brynja Bjork Magnusdottir

undirskrift dags.

Eg stadfesti hér med ad edli og tilgangur rannséknar 4 taugsalfradi gedklofa hefur verid
kynntur fyrir ofangreindum péatttakenda og/eda forrddamanni i samreemi vid 16g og reglur

um visindarannsoknir.
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B
Sampykki fyrir patttoku i rannsokn a taugasalfraedi geoklofa.
Sampykki nyrra sjuklinga

1. Med undirskrift minni hér ad nedan stadfesti ég pa akvordun mina ad taka patt
rannsokn 4 taugasalfredi gedklofa 4 vegum geddeildar Landspitala —
Haskolasjukrahtiss og Islenskrar erfdagreiningar. Abyrgdarmadur rannsoknarinnar
er Hannes Pétursson svidsstjori.

2. Eg stadfesti ad ég hef lesid og skilid efnislegt innihald pessarar
sampykkisyfirlysingar og mér hefur gefist teekifaeri 4 ad kynna mér medfylgjandi
upplysingabréf par sem fjallad er um tilgang og framkvamd rannsoknarinnar. Eg
hef fengio tekifeeri til ad spyrja ndnar um pau atridi sem voru mér ekki 1jos og hef
fengid vidunandi svor vid spurningum minum.

3. Eg stadfesti skiling minn 4 edli peirrar dhzttu sem er pvi samfara ad taka patt i
rannsokn pessari.

4. Eg bind patttoku mina pvi skilyrdi ad allar rannsoknir sem kunna ad verda gerdar
4 nidurstodum eda upplysingum sem ég hef 14tid 1 t€ séu i samrami vid gildandi
16g og reglur um visindarannsoknir og 611 medferd upplysinga uppfylli krofur
Personuverndar og Visindasidanefndar enda séu engar rannsoknir gerdar an
sampykkis pessara adila.

5. Eg stadfesti ad upplysingar sem munu fast r erfdafreedirannsokn, ef ég kys ad
taka patt 1 peirri rannsokn, megi tengja vid nidurstédur
taugasalfraedirannsoknarinnar.

6. Eg veiti abyrgdaradilum pessarar rannsoknar leyfi til ad vardveita upplysingar um
mig sem fast ur pessari rannsokn undir kéda og nota til rannsdkna & sjukdomnum
og skyldum sjukdémum sidar meir en ekki nema per rannsoknir hafi fengio
umfjollun og sampykki Personuverndar og Visindasidanefndar.

7. Eg stadfesti med upphafstofum ad hafa megi samband vid wttingja mina um
patttoku i rannsoknum.

Ja Nei
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Sampykkisyfirlysing pessi skal vera i tveimur eintokum og skal patttakandi halda eftir
60ru eintakinu dsamt upplysingabréfi um rannsoknina. Hitt eintakid verdur vardveitt a

rannsOknarstofu geddeildar.

Sampykki patttakenda og/eda forradamanns (ef forradamadur undirritar parf ad tiltaka

tengsl hans vid patttakanda)

Nafn patttakanda kennitala dags.

Nafn forrddamanns kennitala dags.

Brynja Bjork Magnusdottir

undirskrift dags.

Eg stadfesti hér med ad edli og tilgangur rannséknar 4 taugsalfradi gedklofa hefur verid
kynntur fyrir ofangreindum pétttakenda og/eda forrddamanni i samremi vid 16g og reglur um

visindarannsoknir.
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Participant information sheets
Upplysingar vardandi rannsokn a taugasalfraedi gedklofa
Upplysingar til patttakenda i heilbrigdum samanburdarhép
Abyrgdarmadur rannséknarinnar er Hannes Pétursson svidsstjori og préfessor vid

geddeild Landspitala - Haskoélasjukrahuss, v/Hringbraut, 101 Reykjavik, simi 543 4076,
543 1000, netfang: hannesp@landspitali.is.

Rannsokn pessi er samstarfsverkefni milli geddeildar Landspitala - Haskdlasjukrahuss
(LSH), Islenskrar erfdagreiningar og SGENE rannséknarhéps sem hlotid hefur styrk fra
ESB. Rannsokn pessi er namsverkefni. Rannséknin mun fara fram vio geddeild LSH og
tirvinnsla gagna mun fara fram par og einnig hja [slenskri erfdagreiningu.

Arid 2000 var greint fra breytileika { 4&kvednu geni sem tengist gedklofa. Petta gen heitir
neuregulin-1 og kemur vid sogu i akvednu bodefnaferli { heila. Pessi breytileiki { geninu
er algengari hja sjuklingum med gedklofa en hja heilbrigdum einstaklingum en er samt
sem adur eingdngu til stadar hja litlum hopi sjuklinga med gedklofa. Si rannsékn sem
hér um raedir mun kanna hvort pessi breytileiki hafi ahrif 4 hugarstarfsemi eins og hin
er metin med vitreenum préfum. Pu ert bedin/-n um ad taka patt i pessari ranns6kn sem
patttakandi i samanburdarho6p og ert valin/-n med tilliti til aldurs og kyns til pess ad
hafa samanburdinn sem marktaekastan. Bornar verda saman nidurstédur priggja hopa,
sjuklinga med gedklofa, eettingja peirra og samanburdarhdps. Upplysingar sem safnast {
rannsOkninni verda vardveittar innan Landspitala og hugsanlega notadar sidar til
frekari rannsokna a erfoafreedi gedsjukdoma.

Rannso6knin fer fram 4 rannsoknarstofu geddeildar vido Hringbraut og tekur um pad bil
tveer klukkustundir med hléum. Hugarstarfsemi verdur metin med taugasalfradilegum
profum par sem ymis verkefni sem reyna a athygli og minni verda 16gd fyrir
patttakendur, ymist munnlega eda med hjalp télvu. Einnig er gert rad fyrir pvi ad lagt
verdi fyrir greiningarvidtal sem mun taka um pad bil 20-30 minttur. Aheetta vid
rannsOknina er engin en ef vel tekst til mun patttaka pin efla skilning okkar a gedklofa
og skyldum sjukdémum. Eftir ad rannsékn er lokid verda ranns6knarnidurstédur pinar
dulk6dadar og bornar saman vid arfgerd pina pannig ad rannséknaradilar munu ekki
geta séd arfgerd einstakra patttakenda med tilliti til breytileika i ofangreindu geni.

Ekki verdur greitt fyrir patttoku i ranns6kninni og hvort sem pu tekur patt i
rannsokninni eda ekki mun pad engin ahrif hafa a pa medferd eda pjonustu sem pu feerd
vio geddeild LSH eda &4 60rum medferdarstofnunum.

Pu getur hafnad patttoku i ranns6kninni 4 hvada stigi sem er an pess a0 greina fra
astedu.

Ef bt hefur spurningar um rétt pinn sem patttakandi i visindarannsokn eda vilt heetta
patttoku i rannsokninni getur pu snuid pér til Visindasidanefndar, Laugavegi 103, 105

Reykjavik. Simi 551 7100, fax 551 1444.

Nanari upplysingar veita:
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Hannes Pétursson svidsstjori og préfessor { sima 543 4076 eda 543 1000, netfang:
hannesp@landspitali.is.

Brynja Bjork Magnusdéttir { sima 543 4068, netfang: brynjabm@landspitali.is.
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Upplysingar vardandi rannsokn a taugasalfraedi gedklofa
Upplysingar til sjuklinga
Abyrgdarmadur rannséknarinnar er Hannes Pétursson svidsstjori og préfessor vid

geddeild Landspitala - Haskoélasjukrahuss, v/Hringbraut, 101 Reykjavik, simi 543 4076,
543 1000, netfang: hannesp@landspitali.is.

Rannsokn pessi er samstarfsverkefni milli geddeildar Landspitala - Haskdlasjukrahuss
(LSH), [slenskrar erfdagreiningar og SGENE rannséknarhéps sem hlotid hefur styrk fra
ESB. Rannsokn pessi er namsverkefni. Rannséknin mun fara fram vio geddeild LSH og
tirvinnsla gagna mun fara fram par og einnig hja [slenskri erfdagreiningu.

Arid 2000 var greint fra breytileika { 4&kvednu geni sem tengist gedklofa. Petta gen heitir
neuregulin-1 og kemur vid sogu i akvednu bodefnaferli { heila. Pessar nidurstédur
fengust i erfdafraeedirannsdékn peirri sem pu tokst patt i fyrir nokkrum arum og pess
vegna bidjum vid pig ad taka patt { pessari vidbotarrannsokn. Pessi breytileiki { geninu
er algengari hja sjuklingum med gedklofa en hja heilbrigdum einstaklingum en er samt
sem adur eingdngu til stadar hja litlum hopi sjuklinga med gedklofa. Si rannsékn sem
hér um raedir mun kanna hvort pessi breytileiki hafi ahrif 4 hugarstarfsemi eins og hin
er metin med vitreenum préfum. Bornar verda saman nidurstéodur priggja hopa,
sjuklinga med gedklofa, eettingja peirra og samanburdarhdps. Upplysingar sem safnast {
rannsOkninni verda vardveittar innan Landspitala og hugsanlega notadar sidar til
frekari rannsokna a erfoafreedi gedsjukdoma.

Rannso6knin fer fram 4 rannsoknarstofu geddeildar vid Hringbraut og tekur um pad bil
tveer klukkustundir med hléum. Hugarstarfsemi verdur metin med taugasalfradilegum
profum par sem ymis verkefni sem reyna a athygli og minni verda 16gd fyrir
patttakendur, ymist munnlega eda med hjalp télvu. Einnig er gert rad fyrir pvi ad lagt
verdi fyrir greiningarvidtal sem mun taka um pad bil 20-30 minttur. Aheetta vid
rannsoknina er engin en ef vel tekst til mun patttaka pin efla skilning okkar a gedklofa
og skyldum sjukdémum. Eftir ad rannsékn er lokid verda ranns6knarnidurstédur
dulk6dadar og bornar saman vid arfgerd pannig ad rannséknaradilar munu ekki geta
séo arfgerd einstakra patttakenda med tilliti til breytileika { ofangreindu geni.

Ekki verdur greitt fyrir patttoku i ranns6kninni og hvort sem pu tekur patt i
rannsokninni eda ekki mun pad engin ahrif hafa a pa medferd eda pjonustu sem pu feerd
vio geddeild LSH eda a4 60rum medferdarstofnunum.

Pu getur hafnad patttoku i ranns6kninni & hvada stigi sem er an pess a0 greina fra
astedu.

Ef bt hefur spurningar um rétt pinn sem patttakandi i visindarannsokn eda vilt heetta
patttoku i rannsokninni getur pu snuid pér til Visindasidanefndar, Laugavegi 103, 105

Reykjavik. Simi 551 7100, fax 551 1444.

Nanari upplysingar veita:



SCHIZOPHRENIA, COGNITION AND AGING

Hannes Pétursson svidsstjori og préfessor { sima 543 4076 eda 543 1000, netfang:
hannesp@landspitali.is.

Brynja Bjork Magnusdéttir { sima 543 4068, netfang: brynjabm@landspitali.is.
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