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ABSTRACT

Hannonen, Riitta

Verbal and Academic Skills in Children with Type 1 Diabetes

Jyvéaskyla: University of Jyvaskyld, 2011, 49 p.

(Jyvdskyla Studies in Education, Psychology and Social Research

ISSN 0075-4625; 420)

ISBN 978-951-39-4455-1 (nid.)

ISBN 978-951-39-4456-8 (PDF)

Yhteenveto: Tyypin 1 diabetesta sairastavien lasten kielelliset ja oppimiseen
liittyvat perustaidot

Diss.

This thesis aimed at assessing cognitive and early academic skills in children
with type 1 diabetes. More specifically, the purpose was to describe the
academic skills most likely to be adversely affected in children with diabetes
and neurocognitive processes and disease-related mechanisms underlying these
possible learning problems. An additional aim of the thesis was to combine a
developmental neurocognitive theory of reading acquisition with recent
developmental models of diabetes-related effects on the brain. The findings
were based on neurocognitive assessments conducted in three cross-sectional
studies using two samples of children with type 1 diabetes and healthy control
groups. The findings indicated that the development of early academic skills
can be affected in some children with type 1 diabetes. Children with early-onset
diabetes had a threefold incidence of spelling problems compared to healthy
children, and their performance in mathematics was also poorer than that of the
control group. Problems in phonological processing were associated with the
poorer development of early academic skills in children with early-onset
diabetes or a history of severe hypoglycemia. In children with early-onset
diabetes, poor glycemic control in the first year of diabetes was associated with
poorer spelling accuracy at school age. The findings suggest that the age at
diagnosis and metabolic balance during the child’s development might affect
the neurocognitive outcome. The integration of developmental neurocognitive
theories and models of diabetes-related effects on cognition could lead to better
understanding of developmental pathways in children with type 1 diabetes.
This could improve the identification of children at risk for learning difficulties
and possibilities of early intervention.

Keywords: type 1 diabetes, hypoglycemia, hyperglycemia, cognitive skills,
academic skills, childhood
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1 INTRODUCTION

Type 1 diabetes (T1DM) is a common chronic disease in childhood. It is
characterized by insulin-deficiency caused by autoimmune destruction of B-
cells in the pancreas. B-cells produce insulin, which is essential for glucose
metabolism. Without insulin, the blood glucose level increases but the body
cannot use glucose as energy. Consequently, the body starts to use fat as a
source of energy, which leads to a life-threatening complication, ketoacidosis.
Therefore, insulin replacement therapy is crucial in TIDM. The etiology of B-
cell destruction and TIDM remains unknown, but interaction of genes and
environment (e. g. toxins and infections) is hypothesized to initiate the
autoimmune process (Craig, Hattersley, & Donaghue, 2009).

The incidence of type 1 diabetes is increasing throughout the world, and is
highest in Finland. In the year 2005, 64.2 / 100 000 children under 15 years of
age were diagnosed with T1IDM, and the incidence rate is increasing, especially
in children under five years of age (Harjutsalo, Sjoberg, & Tuomilehto, 2008).
Therefore, TIDM has a considerable impact on Finnish society. For example
schools and daycare centers face the special needs of children with T1IDM, and
their personnel need information about diabetes and training for the treatment
of diabetes during the day when children are in their charge (Ministry of Social
Affairs and Health, 2010).

The goal of treatment of TIDM is to maintain a near-normal blood glucose
level (Rewers et al., 2009) by multiple daily injections of insulin or treatment
with a continuous subcutaneous insulin infusion (CSII, “insulin pump”) and by
frequent blood glucose monitoring. This intensive treatment strategy has
decreased long-term micro- and macrovascular complications of diabetes (e.g.
retinopatia, neuropatia, nephropatia), but has also increased the incidence of
severe hypoglycemia, i.e. a lower than optimal level of blood glucose (the
Diabetes Control and Complications Trial, DCCT, 1993), especially in young
children with diabetes (Bulsara, Holman, Davis, & Jones, 2004). However, a
plateau has been observed in the incidence rates of severe hypoglycemia in the
2000s, although glycemic control has improved. This has been associated with
the newer therapeutic strategies such as CSII, novel types of insulin
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preparations and individualized educational approaches (Jones & Davis, 2003;
Bulsara et al., 2004).

The treatment of diabetes requires continuous monitoring of the child, as
the administration of insulin needs to be adjusted to the blood glucose level,
meals, exercise and health. Since exogenous insulin does not act as naturally as
physiological insulin production, children with diabetes constantly experience
abnormal levels of insulin and glucose, which affect the wellbeing and brain
function of the child. Parents and other caretakers bear the responsibility for the
management of diabetes in a young child. As the child grows older, she or he
has to learn effective self-management strategies, including planning and
monitoring of diet and activity along with active decision-making and
calculating of insulin dosages. This can be cognitively as well as psychosocially
demanding (Gonder-Frederick, Cox, & Ritterband, 2002).

1.1 Neurocognitive Development in Children with TIDM

Neurocognitive functions in children with T1DM have been studied
continuously over the past 30 years. Studies taking different approaches have
contributed to a growing body of evidence of minor neurocognitive decrements
in children with T1IDM. Most of these studies have been cross-sectional, but
some prospective studies have also been conducted (Northam et al., 1998; 2001;
2009; Rovet & Ehrlich, 1999; Schoenle, Schoenle, Molinari, & Largo, 2002).
According to Northam et al. (1998), the cognitive development of the children
with T1DM is similar to that of healthy controls at the onset of the disease, but
after two years small negative changes in the performance of children with
T1DM can be found. With longer disease duration, significant group differences
between children with diabetes and healthy children have been found, but the
cognitive development of children with TIDM remains within the normal age
variation (Rovet & Ehrlich, 1999; Northam et al., 2001; 2009).

Cross-sectional studies with small sample sizes, wide age ranges and
variable assessment methods have made it difficult to compare the results. To
synthesize the findings of previous neurocognitive studies concerning children
with T1IDM, meta-analyses have been conducted. The general aim of a meta-
analysis is to estimate the true "effect size" and its confidence interval using the
weighted average of the findings. In current meta-analyses the common effect
size (ES) is based on the standardized mean group differences between two
groups (Cohen’s d), e.g. children with diabetes and healthy children (Fritz,
Morris, & Richler, 2011). The weighting of previous studies is based on the
sample sizes. The meta-analyses (Gaudieri, Chen, Greer, & Holmes, 2008;
Naguib, Kulinskaya, Lomax, & Garralda, 2009) have concluded that children
with T1DM have slightly lower scores than healthy children in many cognitive
domains. In particular, visuospatial skills, motor speed, attention, and academic
skills, e.g. reading and writing are affected (Naguib et al., 2009). However, the
effect of diabetes appears to be small (ES = -0.29 to -0.18). Previous research has
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concentrated on intelligence, learning and memory, processing speed and
attention (Gaudieri et al., 2008), while studies assessing verbal and academic
skills have been scarce.

1.2 Risk Factors for Neurocognitive Development

The mechanism underlying the small cognitive decrements in children with
diabetes has been unclear. The influence of abnormally low blood glucose levels
(hypoglycemia) on the developing brain, especially in young children, has been
suspected to contribute to these cognitive deficits. Therefore, the research on
diabetes-related risk factors has concentrated on severe hypoglycemia and early
onset-age of diabetes.

1.2.1 Early Age at Diabetes Onset

In many chronic conditions that affect brain functioning, earlier age at diagnosis
predicts worse cognitive outcome than later onset of disease (Dennis, 2000). In
children with T1DM, early onset-age has been defined as below four to seven
years of age, depending on the study. It has been hypothesized that young
children with diabetes are more vulnerable to metabolic extremes (e.g. severe
hypoglycemia), because of the greater needs of glucose of the developing brain
(McCall & Figlewicz, 1997). Since an increasing number of children in Finland
are diagnosed with T1IDM at a young age, it has become important to clarify the
targets of their treatment - the balance between near-normal glucose levels and
avoidance of severe hypoglycemias.

In a meta-analysis (Gaudieri et al., 2008), early onset-age had a small to
moderate effect on neurocognitive development (ES = -0.49 to -0.28). Problems
in learning and memory (Gaudieri et al., 2008), non-verbal intelligence (Ryan,
Vega, & Drash, 1985; Northam, Anderson, Werther, Warne, & Andrewes, 1999;
Ferguson et al., 2005; Northam et al., 2009), visuospatial skills (Ryan et al., 1985;
Rovet, Ehrlich, & Hoppe, 1987), attention (Rovet & Alvarez 1997, Northam et al.,
2001; Lin, Northam, Rankins, Werther, & Cameron, 2010) and processing speed
(Ryan et al., 1985; Northam et al., 2001) have been associated with early-onset
TIDM in children. In addition, earlier onset-age seems to predict poorer
cognitive functioning in adults with long duration of TIDM (Brismar et al.,
2007). Desrocher and Rovet (2004) have proposed that currently developing
skills are at risk in a metabolic insult, e.g. hypoglycemia. Because posterior
brain areas, associated with visuospatial functioning, develop before temporal
and frontal areas (Chugani, Phelps, & Mazziotta, 1987), these functions are
more likely to be affected in early-onset diabetes. However, the effects of early
onset-age and severe hypoglycemia have been difficult to disentangle.
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1.2.2 Severe Hypoglycemia

Hypoglycemia (a blood glucose level lower than normal) is the most common
acute complication of diabetes treatment. Hypoglycemia can result from excess
of insulin in relation to food and exercise. The signs and symptoms of
hypoglycemia are caused by adrenergic activation or neurological dysfunction,
and they are unpleasant: tremor, cold sweat, concentration and memory
difficulties, blurred vision, behavioral and mood changes, and - in severe
hypoglycemia - seizures and loss of consciousness (Clarke, Jones, Rewers,
Dunger, & Klingensmith, 2009). Therefore, children and parents often fear
hypoglycemia. In a milder hypoglycemic event, the child or the caregiver
notices the signs of the suboptimal blood glucose level, and the child is given a
carbohydrate snack, which raises the blood glucose level. Severe hypoglycemia
can be defined as seizures or lowered level of consciousness associated with a
suboptimal blood glucose level (below 4 mmol/L) or a need for assistance of
another person to administer carbohydrate, glucagon or intravenous glucose
(Workgroup on Hypoglycemia, American Diabetes Association, 2005; Clarke et
al., 2009). Young children with diabetes may be at an increased risk for
hypoglycemia, because they cannot recognize the signs themselves. It is also
problematic to evaluate the food intake and the activity level of a young child.

Prolonged severe hypoglycemia can cause permanent brain damage and
have serious long-term effects on cognition. In newborns and infants suffering,
for example, from prematurity or persistent hyperinsulinemic hypoglycemia,
prolonged and repeated hypoglycemia can have neurological effects ranging
from subtle deficits to epilepsy and severe mental deficiency (Riikonen &
Donner, 1979; Duvanel, Fawer, Cotting, Hohlfeld, & Matthieu, 1999; Hawdon,
1999; Aynsley-Green et al., 2000; Menni et al., 2001; Kumaran, Kar, Kapoor, &
Hussain, 2010; Montassir, Maegaki, Ohno, & Ogura, 2010). Prolonged severe
hypoglycemia leading to cortical injury has also been reported in adults
(Chalmers et al., 1991; Fujioka et al., 1997).

Acute hypoglycemia affects brain function and causes cognitive
disruption. Cognitively more complex tasks are more sensitive to acute
hypoglycemia than simple tasks (Warren & Frier, 2005). Regardless the large
number of studies, the long-term cognitive effects of severe hypoglycemia in
children with TIDM have remained inconclusive. In some studies, severe
hypoglycemia has been associated with poorer verbal (Rovet & Alvarez, 1997;
Rovet & Ehrlich, 1999) and visuospatial skills (Rovet et al., 1987; Perantie et al.,
2008; Aye et al., 2011), memory (Kaufman, Epport, Engilman, & Halvorson,
1999; Hershey et al., 2005; Aye et al., 2011) and attention (Bjergaas, Gimse, Vik,
& Sand, 1997; Rovet & Alvarez 1997; Rovet & Ehrlich, 1999). On the other hand,
in other studies no such association has been found (Schoenle et al., 2002;
Wysocki et al., 2003; Strudwick, Gardiner, Foster, Davis, & Jones, 2005). In a
large prospective study in children and adolescents, a history of severe
hypoglycemia has been associated with lower verbal intelligence (Northam et
al., 2001; 2009) and poorer verbal skills, working memory and processing speed
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(Lin et al., 2010), suggesting that avoiding severe hypoglycemia is warranted.
However, in the meta-analyses, a history of severe hypoglycemia has had a
medium effect on learning and memory (Blasetti et al., 2011) and only a
nominal to small effect (ES = -0.06 to -0.21) on other cognitive skills (Gaudieri et
al., 2008; Naguib et al., 2009).

1.2.3 Chronic Hyperglycemia and Diabetic Ketoacidosis

Hyperglycemia indicates poor glycemic control (usually measured by glycated
hemoglobin level, HbAlc). It results from an inadequate balance between
insulin replacement therapy, nutrition and exercise. Poor glycemic control can
lead to long-term complications of diabetes (DCCT, 1993). However, achieving
the target blood glucose level (HbAlc < 58 mmol/mol, HbAlc < 7.5%; Rewers
et al.,, 2009) can be a demanding task in children and adolescents, and their
HbA1c levels are often higher than optimal. There are several reasons for poor
glycemic control in childhood. Lower HbAlc levels are often (Bulsara et al.,
2004; but see also Ludvigsson & Nordfeldt, 1998) associated with an increased
risk for severe hypoglycemia, which makes it difficult to balance between the
risk of severe hypoglycemia and tight glycemic control. For example, an
episode of severe hypoglycemia can lead to a decrease in insulin doses and
therefore to poorer glycemic control (Tupola, Rajantie, & Akerblom, 1998).
Hormonal and emotional changes also affect glycemic control, especially in
teenagers (Rewers et al, 2009).

Untreated hyperglycemia with an extremely high blood glucose level,
insulin deficiency and increased level of counter regulatory hormones can lead
to an acute life-threatening diabetic ketoacidosis (DKA), which has acute
neurological effects. In Finland, the frequency of DKA at diagnosis in children
diagnosed under five years of age was 16.5% during the years 2002 to 2005, but
in children diagnosed under the age of two, the risk for DKA is higher (Hekkala
et al., 2010; Komulainen et al., 1999).

The impact of chronic hyperglycemia on mental efficiency has been
acknowledged in adults with T1IDM (the Diabetes Control and Complications
Trial/Epidemiology of Diabetes Interventions and Complications, DCCT/EDIC,
2007; Musen et al., 2008; Jacobson et al., 2011), but has been less studied in
children. It has been suggested that the effects of chronic hyperglycemia are
seen after many years of disease, in adolescence at the earliest (Desrocher &
Rovet, 2004). However, chronic hyperglycemia or poor glycemic control has
been associated with poorer academic (Kaufman et al, 1999; McCarthy,
Lindgren, Mengeling, Tsalikian, & Engvall, 2003; Parent, Wodrich, & Hasan,
2009) and verbal skills (Perantie et al., 2008; Patifio-Fernandez et al., 2010; Aye
et al., 2011) and poorer working memory (Lin et al., 2010) in children, although
some studies have not found this association (Rovet & Alvarez, 1997; Northam
et al., 2001; Wysocki et al., 2003; Hershey et al., 2005; Ohman et al., 2010). In a
prospective study (Schoenle et al.,, 2002), boys with early-onset TIDM and
poorer glycemic control, especially in the beginning of the disease, showed
poorer development in intelligence than other children with diabetes. DKA has
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been found to affect memory (Ghetti, Lee, Sims, Demaster, & Glaser, 2010) and
other cognitive functions (Shehata & Eltayeb, 2010). Otherwise, long-term
cognitive effects of DKA have not been studied in children.

Differences in the methodology used to measure glycemic control have
perhaps contributed to the inconsistent findings. Some studies of children with
T1DM have used only the most recent HbAlc value as a measure of glycemic
control (Rovet et al., 1987; McCarthy et al., 2003) or have not measured glycemic
control in association with cognitive measures (Ryan et al., 1985; Strudwick et
al., 2005). However, some recent studies have counted lifetime mean glycemic
control (Schoenle et al., 2002; Wysocki et al., 2003; Hershey et al., 2005) or
exposure to hyperglycemia (Perantie et al., 2008; Northam et al., 1999; 2001;
2009; Lin et al. 2010), which has made the estimation of glycemic control more
accurate (Northam & Lin, 2010).

1.3 Neuroanatomical and Functional Findings in Children with
T1DM

In children with T1IDM, several neuroanatomical and functional changes have
been found which can contribute to the underlying mechanisms of cognitive
problems. Diffuse alterations in gray and white matter densities in the temporal,
frontal and hippocampal areas, thalamus and insular cortex have been observed
in children with TIDM (Northam et al., 2009). Aye et al. (2011) have found
reduced age-related growth in white matter and hippocampal volumes in
children with TIDM. In addition, changes in brain metabolism (Sarac et al.,
2004; Northam et al., 2009), cerebral perfusion (Salem, Matta, Tantawy, Hussein,
& Gad, 2002; Tupola et al., 2004) and electrical activity (Hyllienmark, Maltez,
Dandenell, Ludvigsson, & Brismar, 2005; Shehata & Eltayeb, 2010) have been
found. These findings are related to neuropathological processes, such as gliosis
and demyelination (Northam et al., 2009), and changes in neurotransmitters,
vascular reactivity and blood-brain barrier (McCall & Figlewicz, 1997).

The known risk factors for cognitive deficits have also been associated
with cerebral abnormalities. People who have been diagnosed with diabetes at
a young age have been reported to have more ventricular atrophy, larger lateral
ventricles (Ferguson et al., 2005) and greater prevalence of mesial temporal
sclerosis (Ho et al., 2008). This suggests that brain development is vulnerable to
diabetes-related metabolic events in the early years of childhood. Changes in
gray and white matter volumes (Perantie et al., 2007; Ho et al., 2008; Northam et
al., 2009), brain metabolism (Northam et al., 2009) and EEG (Hyllienmark et al.,
2005) have been associated with both recurrent hypoglycemia and
hyperglycemia. The temporal and frontal areas and basal ganglia (Salem et al.,
2002; Hyllienmark et al., 2005; Perantie et al., 2007; Northam et al., 2009) seem to
be especially vulnerable to diabetes-related effects. These same brain areas are
also involved in verbal functioning.
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Nevertheless, neuroanatomical and functional alterations as well as
cognitive problems have also been found in children without the diabetes-
related risk factors, indicating that the known risk factors are not the only
causes of neurocognitive problems in TIDM. Blood glucose in all children with
diabetes is often at a non-optimal level, and fluctuation of blood glucose and
insulin can affect brain metabolism and function, and influence cognitive
development (Northam & Lin, 2010). In addition, TIDM is related to changes in
hormones and neurotransmitters, which can alter brain function. For example,
Insulin-like growth factors (IGF) are peptides that regulate cell growth and
metabolism, and it is assumed that IGF-I is associated with the development of
various brain areas involved in cognitive functioning (Berger, 2001). For
example, IGF-I levels are lower in children with autism (Riikonen, 2007) and
symptomatic infantile spasms (Riikonen, Jddskeldinen, & Turpeinen, 2010). IGF
levels are also lower in children with diabetes (Bideci, Camurdan, Cinaz,
Dursun, & Demirel, 2005). IGF-I deficiency has been related to smaller growth
of the brain (Lupien, Bluhm, & Ishii, 2006) and neuronal death in the
hippocampus (Li, Zhang, Grunberger, & Sima, 2002) in diabetic rats. So far,
these risk factors have been studied mainly in animal models. On account of the
methodological demands, they have not yet been assessed in studies concerning
cognitive development in children.

1.4 The Changing Paradigm in the Studies of Neurocognitive
Development in Children with TIDM

Earlier neurocognitive studies in children with TIDM have concentrated on the
impact of complications, especially severe hypoglycemia, because severe
hypoglycemia has detrimental acute effects on brain metabolism and function,
and because the increased need of glucose has been assumed to render the
young, developing brain more vulnerable to hypoglycemic insult (McCall &
Figlewicz, 1997). The inconclusive findings on the long-term effects of severe
hypoglycemia in children and the repeated observation that a history of severe
hypoglycemia is not associated with cognitive decline in adolescents and young
adults (DCCT/EDIC, 2007; Musen et al., 2008) indicates that the association of
complications and cognitive development may depend on the age of the person
and duration of the disease.

Desrocher and Rovet (2004) have proposed that severe hypoglycemias
occurring at different ages affect ongoing skill development in childhood, and
that chronic hyperglycemia in adolescence influences the development of
executive functions. Ryan (2006) in turn has suggested that hyperglycemia at
the beginning of early-onset diabetes disturbs structural and functional
development of the brain, which leads to vulnerability to a later brain insult, e.g.
an episode of severe hypoglycemia. Biessels, Deary and Ryan (2008) have
proposed that the brain is vulnerable to diabetes-related insults at times of
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major changes in the brain, e.g. in childhood and in old age, but not in early or
middle adulthood. These hypotheses have sought to explain why there is
diversity in neurocognitive outcomes in people with TIDM. In the past few
years there has been a change in the paradigm towards a neurodevelopmental
model. It has been acknowledged that the child’s age and developmental phase
can influence the impact of a metabolic insult on brain function (Figure 1;
Northam & Lin, 2010). In general, earlier brain damage has a worse cognitive
outcome than an insult later in childhood (Anderson et al., 2009). Interest has
also begun to be shown in a larger variety of metabolic complications and their
interactions (Schoenle et al., 2002; Perantie et al., 2008; Ghetti et al. 2010; Lin et
al., 2010).

) Blood glucose
Hypoglycaemia fluctuations

hypevrlglyca‘émia hypoinsulinaemia
Age of disease onset
Timing of insult @

CNS effects of
type 1 diabetes

FIGURE1  Possible causes of central nervous system (CNS) changes in type 1 diabetes
(in Northam & Lin, 2010; reproduced with permission by John Wiley and
Sons).

1.5 The Development of Verbal Skills and Early Academic Skills

Learning to read and write is an important goal in the first years at school. In
general, reading acquisition in Finland is fast because the Finnish orthography
is regular and has consistent grapheme-phoneme correspondence. One third of
the children learn to read words before school entry (at the age of seven), and
almost all children during the first school year (Aro, 2004). However, the
reading skills of children in the first school years show wide variation, with
many children experiencing problems in reading speed, accuracy and/or
comprehension (Torppa et al., 2007). The Jyvéskyld Longitudinal Study of
Dyslexia (JLD) has identified risk factors of reading disorder (dyslexia) in a
large, prospective study of children with and without familial risk for dyslexia.
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The findings suggest that genetic vulnerabilities interact with environmental
factors (such as parental interaction and reading habits) and influence brain
function and the development of cognitive and linguistic skills underlying
reading skills (Lyytinen et al., 2004b).

The acquisition of academic skills - reading, spelling and mathematics -
requires well-coordinated information processing at the coding, storing and
retrieving levels of visual and verbal information (Vellutino, Fletcher, Snowling,
& Scanlon, 2004). The most important underlying skills required in these
processes are basic verbal skills, which develop during childhood before
reading instruction. Phonological awareness (ability to perceive a word’s sound
structure and its components) and naming speed (automatized retrieval from
the long-term memory) are the most important predictors of reading acquisition,
but the development of reading and spelling is also predicted by letter
knowledge, verbal short-term memory, pseudoword repetition and expressive
vocabulary (McCardle, Scarborough, & Catts, 2001; Lyytinen et al., 2004b;
Vellutino et al., 2004). Phonological skills are strongly associated with reading
accuracy (Puolakanaho et al., 2008) and rapid automatized naming (naming
speed) with reading fluency (Wolf, Bowers, & Biddle, 2000; Torppa et al., 2007).

In regular orthographies such as Finnish, reading problems are more often
related to speed than accuracy of reading whereas problems in reading
accuracy are more prevalent in irregular orthographies such as English (Aro &
Wimmer, 2003; Vellutino et al, 2004). However, accuracy and intact
phonological skills are required in spelling in all alphabetic systems (Vellutino
et al., 2004). In Finnish, phonological perception of phonemic duration is crucial
in reading and spelling (Pennala et al., 2010), because the meaning of a Finnish
word changes as the duration of a phoneme changes from short to long, e.g.
kuka (who) - kukka (flower).

Problems in reading and mathematics often co-occur (Rdsdnen & Ahonen,
1995). Although arithmetical skills are based on innate numerosity (Butterworth,
2010), verbal skills are associated with the development of complex skills such
as calculation (Koponen, Aunola, Ahonen, & Nurmi, 2007). In fact, calculation is
associated with similar underlying language-based cognitive processes as
reading and spelling. These include phonological processing, naming speed
and phonological memory (Hecht, Torgesen, Wagner, & Rashotte, 2001),
although attention and other complex processes such as nonverbal problem
solving also predict skills in mathematics (Fuchs et al., 2005).

1.5.1 Verbal and Academic Skills in Children with TIDM

In children with T1IDM, previous research in cognitive skills has concentrated
on intelligence, learning and memory, processing speed and attention (Gaudieri
et al., 2008), and only little attention has been paid to verbal and academic skills.
The studies assessing verbal skills have focused on complex skills such as
verbal intelligence (Rovet & Alvarez, 1997; Rovet & Ehrlich, 1999; Schoenle et al.,
2002; Northam et al., 2001; 2009) and verbal learning and memory (Northam et
al., 2001; Fox, Chen, & Holmes, 2003; Lin et al., 2010). Among the basic verbal
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skills, poorer verbal short-term memory has been related to early-onset diabetes
(Ryan et al., 1985) and severe hypoglycemia (Kaufman et al., 1999; Northam et
al., 1999). Phonological skills have been assessed in only one study (Kaufman et
al., 1999), and naming speed has not been assessed at all. Basic verbal skills
develop during childhood and can therefore be vulnerable in early-onset
diabetes and hence affect the development of academic skills.

While most children with TIDM do not exhibit problems regarding
academic achievement (McCarthy, Lindgren, Mengeling, Tsalikian, & Engvall,
2002), at the group level their achievement is slightly lower than that of other
students (Dahlquist & Kaillén, 2007; Gaudieri et al., 2008; Naguib et al., 2009).
Lower achievement has been reported mainly in reading (Ryan et al., 1985;
Kaufman et al., 1999; McCarthy et al., 2003; Naguib et al., 2009) and writing
(Kaufman et al., 1999; Parent et al., 2009; Naguib et al., 2009), but not in
mathematics (Ryan et al., 1985; Hagen et al., 1990; McCarthy et al., 2003). Lower
school marks or higher risk for learning problems has been associated with
longer duration of diabetes (Ryan et al., 1985; Kovacs, Goldston, & lyengar,
1992), early onset-age (Ryan et al., 1985), poor metabolic control (Kaufman et al.,
1999; McCarthy et al, 2003; Parent et al.,, 2009) and a history of severe
hypoglycemia (McCarthy et al., 2003). The effects of diabetes and its
complications seem to last throughout compulsory education (Kokkonen,
Lautala, & Salmela, 1994; Dahlquist & Kéllén, 2007; Northam et al., 2009), which
impairs the further educational and vocational possibilities of some people with
diabetes and delays their social maturation in early adulthood (Kokkonen et al.,
1994).

Basic verbal skills have not been studied in children with T1DM, although
these skills develop during early childhood and are crucial for the acquisition of
academic skills. Therefore, the assessment of basic verbal skills may reveal the
mechanism underlying the possibly affected development of academic skills in
children with TIDM. Also, the well-described developmental trajectory of
verbal and reading skills included in the model of reading acquisition provides
a developmental neurocognitive framework to study the cognitive processes
vulnerable to early brain insult related to TIDM and its metabolic complications.



2 AIMS OF THE THESIS

The aims of the thesis are twofold. The first aim is to assess cognitive
functioning (Study I), especially verbal and academic skills (Study II), and the
associations between cognitive skills and diabetes-related risk factors (Studies I
and III) in children with TIDM. Secondly, the developmental neurocognitive
model of early reading is applied to the development of academic skills in
children with early-onset TIDM (Study II) and combined with the models of
diabetes-related risk factors (Study III).

The aims of the original studies were as follows:

1. to assess the effects of diabetes and severe hypoglycemia on neurocognitive
functioning in children with T1IDM (Study I)

2. to assess the effects of early-onset TIDM on basic verbal and academic skills
in the early school years and the neurocognitive processes associated with
learning deficits in children with early-onset diabetes (Study II)

3. to separate the effects of early onset-age and severe hypoglycemia on verbal
and academic skills and on the incidence of learning problems (Study III)

4. to assess the effects of diabetes-related risk factors and their timing on the
development of verbal and academic skills in children with early-onset TIDM
(Study I1I)



3 OVERVIEW OF THE ORIGINAL STUDIES

3.1 Methods

3.1.1 Participants

The characteristics of the participants are presented in Table 1. Study I consisted
of 21 children with TIDM and 10 healthy control children. The children with
diabetes were outpatients at a pediatric clinic of a central hospital. They were
divided into two groups according to whether or not they had a history of
severe hypoglycemia (SH+ and SH-). All the children attending the outpatient
clinic who had experienced severe hypoglycemia and met the criteria for age
(from 5 to 12 years) and normal developmental milestones were included in the
study. The SH+ group was matched with the SH- and control groups for sex,
age and parents’ education. In the children with diabetes, the duration of
diabetes ranged from 1 year 9 months to 9 years 7 months. The control group
consisted of children from a local sports club or of the hospital personnel.

The participants of Studies II and IIl were 63 children with TIDM who
were outpatients of four pediatric diabetes clinics of tertiary care hospitals, and
92 control children without TIDM. Children with TIDM who had been
diagnosed before 5 years of age and were 9 to 10 years of age and in the 3rd
grade at school at the time of the assessment were eligible for inclusion.
Exclusion criteria were native language other than Finnish and a diagnosed
neurological disorder. The data were collected over three consecutive years. In
the children with T1DM, the duration of diabetes ranged from 4 years 6 months
to 9 years 2 months. In Study II, children with TIDM were compared with the
healthy control group, and in Study III, the children with TIDM were divided
according to whether or not they had a history of severe hypoglycemia (SH+
and SH-) and compared with the control group.

The children comprising the control group in the Jyviskyld Longitudinal
Study of Dyslexia (JLD, Lyytinen et al., 2001) were selected for the control
group of Studies II and III. The children in this group had been followed from
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birth in order to study their language development and the predictors and
precursors of dyslexia. The control group was assessed at the same age and
using the same tests as the diabetes group. The children in the control group
did not have familial risk for dyslexia, defined as at least one parent and one
other close relative who had problems with reading and spelling. In the
diabetes group, 19% of the parents reported familial risk for dyslexia. Therefore,
the children in the diabetes group with familial risk for dyslexia were excluded
from Study II. In Study III, familial risk for dyslexia was used as a covariate in
the statistical analyses.

TABLE 1 Characteristics of the Participants in the Original Studies

Study I Study II Study III
n 31 143 155
Gender F/M, n 17 / 14 65/ 78 71/ 84
Age, range; 5y 6m - 11y 11m 9y 2m - 10 y 6m 9y 2m - 10 y 6m
mean (SD) 9y 4m (1y 11m) 9y 9m (Oy 3m) 9y 9m (Oy 3m)
Groups SH+  SH- C D C SH+  SH- C
n 11 10 10 51 92 37 26 92

SH = history of severe hypoglycemia, C = control group, D = diabetes group
3.1.2 Measures

The procedures, tasks and analyses are presented in detail in the original
articles. The cognitive measures are shown in Table 2 and diabetes-related
measures in Table 3.

In Study I, the children participated in the neuropsychological assessment
over two or three sessions. The blood glucose level of the children with diabetes
was measured before each assessment session to ascertain that their blood
glucose value was > 3 mmol/L. At the beginning of the assessment a structured
interview on the child’s cognitive development, learning difficulties and special
education needs was administered to the parent. Data on diabetes (see Table 3)
were acquired from the child’s medical records. The control group was assessed
separately, after the assessment of the diabetes group.

The neuropsychological assessment in Study I included the NEPSY, a
Developmental Neuropsychological Assessment (Korkman, Kirk, & Kemp,
1997). The NEPSY is a neuropsychological test for children 3 to 12 years of age.
It consists of subtests designed to assess neuropsychological development in
five functional domains: Attention/Executive Functions, Language,
Sensorimotor Functions, Visuospatial Processing, and Memory and Learning.
Each age group has its own standardized normative values. Of the 30 NEPSY
subtests, 16 were administered (Table 2). Verbal short-term memory was
assessed by the digit span forward, and it was included in the
neuropsychological domain of Memory and Learning. The Finnish version of
the Wechsler Intelligence Scale for Children-Revised (WISC-R; Wechsler, 1984)
or Wechsler Preschool and Primary Scale of Intelligence-Revised (WPPSI-R;
Wechsler, 1995) was used to assess general intelligence.
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In Studies II and III, the neuropsychological assessment lasted two hours
with a break after one hour. The children’s blood glucose level was measured
before and after the assessment. The blood glucose level was required to be
between 4 to 18 mmol/L during the assessment. The child’s mother filled in a
structured questionnaire on the development, school and learning history of her
child and on reading difficulties and the socio-economic situation of the family.
Data on diabetes (see Table 3) was acquired from the child’s medical records.

Verbal and academic skills in Studies II and III were assessed with
sensitive, partly computerized tasks developed to measure early academic skills
and their underlying neurocognitive processes. Perception of phonemic length
is a same-different judgement task of phonemic length in non-words (Cognitive
Workshop program, developed by the Universities of Dundee and Jyviaskyld)
and assesses phonological processing. Non-word repetition (a subtest of the
NEPSY, Korkman et al., 1997) assesses phonological processing and repetition
of the phonology of non-words. Rapid Automatized Naming Test (RAN;
Ahonen, Tuovinen, & Leppdsaari, 2003) assesses the speed of naming. Digit
span forward assesses verbal short-term memory. Reading accuracy was
assessed using measures of the accuracy of oral text reading, oral pseudo-word
text reading and single non-word reading (3- and 4-syllable non-words
presented on a computer screen; Cognitive Workshop program). Reading speed
was assessed using measures of the speed of oral text reading, oral pseudo-
word text reading, single non-word reading, reading rapid words (Finnish
words presented on a computer screen for 80 ms; Cognitive Workshop program)
and oral word list reading (a subtest of the Lukilasse test; Hayrinen, Serenius-
Sirve, & Korkman, 1999). Spelling accuracy was assessed by asking the child to
spell a series of words and non-words. Mathematics was assessed using
measures of the speed of verbal counting and measures of the accuracy of
verbal counting and arithmetic. The verbal and academic skill variables were
computed using standardized z-scores from the individual tasks
(standardization was based on the mean and SD of the comparison group).
General intelligence was assessed with the Wechsler Intelligence Scale for
Children - Third Edition (WISC-III; Wechsler, 1999).
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TABLE 2 Cognitive Domains, Tests and Tasks Used in the Original Studies
Domain Test / Task Studyl StudyIl Study III
General Intelligence ~ WISC-R! / WPPSI-R2 X

WISC-III3 X X
Attention/Executive Tower#* X
Functions Auditory Attention and X
Response Set*
Visual Attention* X
Verbal/Language Phonological Processing? X
Functions Comprehension of Instructions* X
Speeded Naming* X
Verbal Fluency* X
Perception of Phonemic Length X X
Non-word Repetition* X X
Rapid Automatized Naming? X X
Sensorimotor Fingertip Tapping* X
Functions Visuomotor Precision* X
Finger Discrimination* X
Visuospatial Design Copying* X
Processing Arrows* X
Picture Perception* X
Memory and Picture Recognition* X
Learning Memory for Names* X
List Learning* X
Digit Span Forward X X X
Reading Accuracy Oral Text Reading X X
Oral Pseudo-word Text Reading X X
Single Non-word Reading X X
Reading Speed Oral Text Reading X X
Oral Pseudo-word Text Reading X X
Single Non-word Reading X X
Reading Rapid Words X X
Oral Word List Reading® X X
Spelling Accuracy Spelling Words X X
Spelling Non-words X X
Mathematics Verbal Counting X X
Arithmetic X X

Y WISC-R, Wechsler Intelligence Scale for Children - Revised (Wechsler, 1984)

> WPPSI-R Wechsler Preschool and Primary Scale of Intelligence - Revised (Wechsler, 1995)
* WISC-III Wechsler Intelligence Scale for Children - 3td edn. (Wechsler, 1999)

* a subtest of the NEPSY (Korkman et al., 1997)

® RAN, Rapid Automatized Naming Test (Ahonen et al., 2003)

® a subtest of the Lukilasse Test (Hayrinen et al., 1999)
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TABLE 3 The Diabetes-related Measures Used in the Original Studies

Measure Study I Study I Study III
Age at diagnosis X X X
Duration of diabetes X

Initial Ketoacidosis (DKA) X XX
Occurrence of Severe Hypoglycemia (SH) XX X XX
- age at first episode XX
HbAlc

- the most recent X X XX
- mean during the disease X XX
- 1 year after diagnosis XX
Insulin Treatment Regimen X X

X=variable is used in group comparisons or as a descriptive measure
XX=variable is used in measuring the association with cognitive skills

3.2 Summary of the Results

3.2.1 Study I: Neurocognitive Functioning in Children with Type-1 Diabetes
with and without Episodes of Severe Hypoglycaemia

The aim of the study was to assess the effect of diabetes and severe
hypoglycemia on neurocognitive functioning in children with a comprehensive
neuropsychological assessment.

Both groups with TIDM (SH+ and SH-) had poorer verbal short-term
memory than the healthy control children. The children with a history of severe
hypoglycemia were poorer than the control children in phonological processing.
In addition, the children with a history of severe hypoglycemia had more
neuropsychological deficits, learning difficulties and need for part-time special
education than the children in the other groups. The results suggested that
severe hypoglycemia may be a risk factor for learning due to deficits in
auditory-verbal functions. However, the study was unable to fully differentiate
the effects of early onset-age of diabetes and severe hypoglycemia.

3.2.2 Study II: Verbal and Academic Skills in Children with Early-Onset
Type 1 Diabetes

Based on the findings of Study I, Study II aimed at assessing the verbal and
academic skills and the neurocognitive processes associated with learning
problems in both children with early-onset diabetes and healthy control
children, who were in the same grade at school and had recently acquired the
basic skills of reading, spelling and mathematics. In addition, the severity of
reading disability in children with diabetes was studied using the criteria for
dyslexia.

The performance of the children with early-onset diabetes was
significantly poorer than that of the healthy control children in perception of
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phonemic length, spelling accuracy and mathematics. Children with early-onset
diabetes had learned to read later than controls, but reading performance and
the incidence of dyslexia in the 3t grade were similar in the two groups. The
study confirmed that the development of academic skills can be affected by
early-onset diabetes, and that difficulties in phonological processing may
underlie problems in academic skills. This study also took into account the
effect of familial risk for dyslexia, which was unexpectedly high in the families
with diabetes, by excluding the children who had a familial risk for reading
problems. This had not been considered in earlier neurocognitive studies of
diabetes.

3.2.3 Study III: Verbal and Academic Skills in Children with Early-Onset
Type 1 Diabetes - the Effect of Diabetes-Related Risk Factors

In order to separate the effects of early onset-age and severe hypoglycemia, the
study aimed at assessing the verbal and academic skills of children with early-
onset TIDM with and without a history of severe hypoglycemia (SH+ and SH-),
and healthy control children, and the incidence of learning problems in these
groups. In addition, the aim of the study was to assess the effects of diabetes-
related risk factors (history of severe hypoglycemia, recent and long-term
glycemic control), and particularly the effects of early complications (diabetic
ketoacidosis at diagnosis, poor glycemic control after the 1st year of diabetes
and earlier first episode of severe hypoglycemia) on the verbal and academic
skills of children with early-onset diabetes.

There were significant group differences in the incidence of spelling and
mathematical problems. The incidence of spelling problems was 35.1 % in SH+,
385 % in SH- and 109 % in the control group, and the incidence of
mathematical problems was 18.9 % in SH+, 30.8 % in SH- and 9.8 % in the
control group. There were no group differences in the incidence of reading
problems. Both groups with early-onset diabetes performed poorer than the
control group in perception of phonemic length and spelling accuracy, and the
children without a history of severe hypoglycemia were poorer than controls in
mathematics. No significant differences in any of the verbal and academic skills
were found between the children with and without a history of severe
hypoglycemia. Therefore, a history of severe hypoglycemia did not seem to be
a risk factor for the development of verbal and academic skills in the children
with early-onset diabetes. In the children with a history of severe hypoglycemia,
a later age of the first episode of severe hypoglycemia was associated with
poorer performance in mathematics, indicating that the concurrent
development of the child’s mathematical skills might be influenced by an
episode of severe hypoglycemia.

Among the diabetes-related risk factors, poorer glycemic control after the
first year of the disease was associated with poorer spelling skills. This suggests
that good glycemic control, especially at the onset of diabetes is associated with
favorable cognitive development. This study also showed that early onset-age is
a risk factor for cognitive development, independently of specific disease
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complications, such as episodes of severe hypoglycemia or diabetic ketoacidosis.
This may also indicate that diabetes-related risk factors are not sufficiently
measured by the current methodological solutions.



4 GENERAL DISCUSSION

This thesis focuses on cognitive and early academic skills in children with type
1 diabetes. It identifies the academic skills most likely to be adversely affected
in children with type 1 diabetes and some of the neurocognitive processes and
disease-related mechanisms underlying these possible learning problems.
Although much research has been conducted on cognitive development in
children with T1DM, their theoretical background has often been in disease-
related models rather than in cognitive developmental theories. This thesis
applies a frame of reference that combines the well-established developmental
neurocognitive theory of verbal and reading skills and recent developmental
models of TIDM-related brain effects.

4.1 Academic and Verbal Skills in Children with Type 1 Diabetes

Academic achievement in children with T1DM is in most cases normal, but at
the group level their performance is slightly lower when compared to other
students (Dahlquist & Kaillén, 2007). This may indicate that some children with
diabetes experience problems in learning. In the present studies, children with
early-onset TIDM had poorer skills in spelling and mathematics in the 3td grade
at school compared to children without diabetes. Their reading acquisition in
the first grade was also slightly slower. However, in the 3rd grade their reading
skills were similar to the skills of healthy children (Study II). Parents of the
children with TIDM and a history of severe hypoglycemia reported more
learning difficulties and need for part-time special-education services than
parents of the children without a history of severe hypoglycemia or without
diabetes (Study I). However, there were no group differences in the incidence of
dyslexia in Study II, which indicates that the reading and spelling problems of
the children with TIDM were in most cases mild. This is also in line with the
results of a recent meta-analysis (Naguib et al., 2009). However, children with
early-onset TIDM had a threefold incidence of spelling problems compared to
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healthy children (Study III). Parent et al. (2009) also reported more problems in
writing in children with TIDM than their siblings, but they attributed these
problems to visuomotor and attention difficulties.

Other studies have found that children with T1DM have poorer
performance in many neurocognitive domains, for example in visuospatial
skills, attention and processing speed (Naguib et al., 2009). Slower speed of
processing and psychomotor inefficiency are common findings in diffuse brain
dysfunction and have been found to be the core deficits in adults with TIDM
(Brands, Biessels, de Haan, Kappelle, & Kessels, 2005, DCCT/EDIC, 2007). It is
possible that also in children with T1DM inefficient information processing
influences performance in all areas, including the development of academic
skills. In order to evaluate the skills vulnerable in TIDM, a wide range of
cognitive domains were assessed with a comprehensive developmental
neuropsychological test (NEPSY, Korkman et al., 1997) in Study I. Contrary to
expectations, findings were not of diffuse deficits but were concentrated on
problems in the auditory-verbal domain in children with T1IDM and especially
in those with a history of severe hypoglycemia (Study I). The auditory-verbal
domain had not been fully studied earlier. Therefore, Studies II and III were
conducted to explore this finding. Study II confirmed that the neurocognitive
mechanism underlying early learning problems is dysfunction in basic verbal
skills, mainly phonological skills.

This finding accords very well with the theory of early reading
development, in which phonological skills are strong predictors of reading and
spelling accuracy (Vellutino et al., 2004; Lyytinen et al., 2006; Torppa et al., 2007;
Pennala et al., 2010). Phonological skills develop throughout early childhood,
and already at the age of 3.5 years the child’s emerging skills can predict
reading and spelling accuracy in the second grade (Puolakanaho et al., 2008). In
Finnish, reading accuracy reaches a ceiling in the early school years (Seymour,
Aro, & Erskine, 2003). Therefore, the effect of phonological skills is best shown
in spelling, which requires intact perception and decoding of phonemes
(Pennala et al., 2010). However, in irregular languages such as English, the
influence of phonological skills on early reading is even stronger (Ziegler et al.,
2010), because learning to read requires the acquisition of more grapheme-
phoneme combinations. This may explain the findings of reading problems in
children with T1DM in the studies conducted in English-speaking countries
(Ryan et al., 1985; Kaufman et al., 1999; McCarthy et al., 2003). Phonological
skills and working memory, among many other skills, are also associated with
the development of mathematical skills, which were compromised in children
with early-onset TIDM in Study II. Problems in mathematics have not been
reported in some of the previous studies (Hagen et al., 1990; McCarthy et al.,
2002), although mathematical skills can be vulnerable to diffuse insults to the
brain because of the complex neurocognitive processes involved in them.
Mathematical skills in children with T1DM clearly warrant further research.

The findings of a dysfunctional continuum of verbal and academic skills
in children with T1IDM also contribute to the research on learning disabilities.
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The development of cognitive and academic skills is influenced by the interplay
of many genetic and environmental factors. Environmental factors shape the
genetic predispositions during childhood and thus influence brain functioning
and cognitive development (Pennington, 2006). The influence of familial
vulnerability on learning has been described convincingly in the JLD study
(Lyytinen et al., 2004a; 2006). The effects of home literacy and the learning
environment have been the most studied environmental factors in this research
field (Lyytinen et al., 2004a). However, diseases, both as a genetic and as an
environmental factor, also influence brain development and can therefore be
one of the factors contributing to learning disabilities. This was clearly shown in
Study II, in which the children with early-onset TIDM had more problems in
spelling and mathematics than the control children even when the effect of
familial risk for dyslexia was excluded.

4.2 The Effects of the Diabetes-Related Factors

The neurocognitive research paradigm in children with TIDM has changed
over the years. This is also evident in the theoretical background of the original
articles comprising this thesis. Earlier studies have concentrated on the effects
of severe hypoglycemia on cognition, as noted in Study I. The findings of Study
I, along with those of other studies (Rovet & Alvarez, 1997; Hershey et al., 2005;
Perantie et al., 2008; Aye et al., 2011), indicate that severe hypoglycemia has an
effect on brain function and cognitive skills. In particular, more complex verbal
skills (Rovet & Alvarez, 1997; Rovet & Ehrlich, 1999; Northam et al., 2001; 2009;
Lin et al, 2010) and memory (Kaufman et al., 1999; Northam et al., 1999;
Hershey et al., 2005; Perantie et al., 2008; Lin et al., 2010) are affected in children
with a history of severe hypoglycemia. It was therefore surprising that in Study
III a history of severe hypoglycemia was not associated with poorer basic verbal
skills or early academic skills. However, Schoenle et al. (2002), Wysocki et al.,
(2003) and Patino-Ferndndez et al. (2010) likewise did not find an association
between severe hypoglycemia and poorer cognitive skills in children with
T1DM. These findings are also contrary to the hypothesis that early episodes of
severe hypoglycemia are more detrimental to the developing brain than later
episodes (Perantie et al., 2008). However, the effects of early severe
hypoglycemia may manifest later in development, and are not yet seen in early
academic skills at the age of 9 to 10 years.

Study I did not take into account other possible diabetes-related factors,
and later studies have shown that severe hypoglycemia is not the only reason
for cognitive dysfunction (Northam & Lin, 2010). The effects of hyperglycemia
or poor metabolic control have been detected when more sensitive methods of
assessing metabolic control have been used. The studies have shown that poor
metabolic control is associated with poorer academic (Kaufman et al., 1999;
McCarthy et al., 2003; Parent et al., 2009) and verbal skills (Perantie et al., 2008;
Patifio-Fernandez et al., 2010; Aye et al., 2011), and memory (Kaufman et al.,
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1999; Lin et al.,, 2010). A weak association between poorer mean metabolic
control during the years of the disease and poorer spelling accuracy was also
found in Study III. However, early metabolic control, measured by metabolic
control one year after diagnosis (at the age of 2 to 6), had a strong effect on
spelling in the 3¢ grade. This indicates that lower HbAlc levels at the
beginning of the disease may be beneficial for cognitive development. An
isolated episode of DKA or SH at onset or the most recently measured HbAlc
level was not related to verbal and academic skills. Nevertheless, avoiding
glycemic extremes is strongly advised.

The interactive effect of glycemic extremes and age can be a confounding
factor in neurocognitive studies of TIDM. The onset-age of diabetes, the age
when glycemic insult occured, as well as the current age and developmental
phase of a person with T1IDM can influence cognitive function. Early onset-age
seems to have the strongest effect on cognitive development (Gaudieri et al.,
2008), and this is evident also in adults with TIDM (Ferguson et al., 2005;
Brismar et al., 2007). Study I was unable to differentiate the effects of severe
hypoglycemia and early onset-age, but Study III revealed that early onset-age is
a significant risk factor for the development of verbal and academic skills and is
not dependent on a history of severe hypoglycemia. Schoenle and colleagues
(2002) have reported similar findings. Glycemic insults, especially severe
hypoglycemia, at an earlier age have been hypothesized to be more detrimental
to brain development than the same events later in life (Desrocher & Rovet,
2004). However, the findings of this thesis only partially support this idea. Poor
glycemic control at an early age seemed to affect further development, but early
episodes of severe hypoglycemia did not. On the contrary, the occurrence of the
first episode of severe hypoglycemia later in childhood, during the first school
years, was associated with poorer mathematical skills, which is in line with the
idea that currently developing skills might be affected by an episode of severe
hypoglycemia (Desrocher & Rovet, 2004). The findings of this thesis lend partial
support to Ryan’s diathesis hypothesis (2006), according to which high levels of
blood glucose at the beginning of the disease initiate detrimental changes in the
central nervous system, which is why the brain is more vulnerable to later
insults, for example to episodes of severe hypoglycemia. On the other hand, the
children in studies II and III were relatively young and therefore the effects of
severe hypoglycemia were perhaps not yet apparent in their neurocognitive
functioning. Some of the effects of glycemic extremes may become evident later
in life with the development of more complex skills (Asvold, Sand, Hestad, &
Bjorgaas, 2010).

The wide age ranges and the different age groups of the samples might
explain some of the differences in the findings of previous neurocognitive
studies, as different developmental and age-related cognitive requirements at
the time of assessment influence the results. In Studies II and III, the children
were of the same age and in the same grade at school, which distinguishes these
studies from the previous ones. With a narrower age range, currently
developing skills can be studied more reliably. The effects of diabetes and
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glycemic extremes may be different in the performance of small children and
teenagers, and may be more pronounced at a later age and with longer duration
of the disease.

4.3 Limitations and Future Directions

The sample sizes of the original studies were relatively small, which may bias
the results. The sample sizes were not large enough to detect small differences
between the groups (Cohen, 1992). The samples also limit the generalizability of
the results. The children in these studies were diagnosed and assessed at a
relatively young age. Therefore, these findings cannot be generalized to
children with later onset of diabetes or to children with a longer duration of the
disease.

The measurement of diabetes complications and blood glucose levels
across childhood development presents many methodological challenges. The
original studies of this thesis clearly show that more accurate methods of
measuring blood glucose and insulin levels are needed in order to study
diabetes-related effects in detail. The cross-sectional design of the original
studies allowed us only to observe associations between disease-related and
cognitive factors, not direction of the effect. However, the T1DM-related
information was collected prospectively and was reliably reported in medical
records, which perhaps permits further speculations. The present and some
other studies (Schoenle et al., 2002; Perantie et al., 2008; Asvold et al., 2010) have
reported that the timing of a metabolic complication can influence the cognitive
outcome. Furthermore, constantly occurring glycemic fluctuations may
influence the brain, although to date continuous measurement of blood glucose
values in association with long-term cognitive functioning has been rare
(Knight et al., 2009). However, continuous blood glucose measurements
developed in connection with insulin pumps may help to clarify the
associations of fluctuating blood glucose levels and cognition in the future. The
interactive effects of different metabolic events and their timing constitute
another obstacle that should be considered in future studies. A child may
experience many episodes of hypo- and hyperglycemia during his or her
development. Consequently, rather than assessing isolated risk factors or
complications, research on cognitive development in children with T1IDM
should move towards a model that takes all aspects of metabolic aberrations
and their timing and duration into consideration.

Various other important issues affecting cognitive development and
learning at school were not within the scope of this thesis. For example, other
neurocognitive problems previously associated with T1DM, such as deficits in
visuospatial skills and attention, also contribute to the development of
academic skills. These cognitive domains, however, were not assessed in
studies II and III, which had larger sample sizes. Acute metabolic extremes
produce dysfunction in the brain and disrupt cognition (Gonder-Frederick et al.,
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2009). Children with diabetes experience them often, and therefore blood
glucose fluctuations during the assessment could have affected the results.
Learning in the classroom can also be inefficient. It may be disrupted by acute
hypo- and hyperglycemia, and in a hypoglycemic event, the recovery of
cognitive functions requires considerably longer than recovery from physical
symptoms of hypoglycemia (Warren & Frier, 2005). Therefore, the disruptions
in effective learning can be prolonged. Moreover, absences from school due to
sick days and medical appointments can put students with TIDM at a
disadvantage for learning, although this has not been associated with lower
academic achievement (McCarthy et al., 2003). A chronic disease such as
diabetes can also increase the risk for psychosocial problems, especially
depression (Gonder-Frederick et al., 2002; Delamater, 2009). Psychosocial
problems in turn might act as a confounding factor in cognitive development
and learning. Some studies have reported that parenting style is associated with
the child’s quality of life in diabetes-related issues (Botello-Harbaum, Nansel,
Haynie, lannotti, & Simons-Morton, 2008) and with the quality of diabetes care
as measured by adherence (Davis et al, 2001). Diabetes care requires
continuous monitoring of the child with diabetes, and therefore parents may
become overly protective of the child. This can also lead to reduced experiences
and opportunities for learning in the case of a child with TIDM. There is a need
to connect the findings of neurocognitive and psychosocial development and
parenting styles in children with T1DM. Some of the risk factors of
development may interact or accumulate, as was observed in a prospective
study (Aro et al., 2009).

4.4 Practical Implications

Studies on cognitive development in children with TIDM show that at the
group level their performance is lower compared to that of healthy children.
However, the effect sizes are small (Gaudieri et al., 2008; Naguib et al., 2009),
which indicates that the differences might not be of clinical importance.
Generally, small effect size differentiates children with diabetes from controls at
a group level, but not at an individual level (van Duinkerken & Brands, 2011).
Although clinical significance is not the same as effect size, moderate effect
sizes might be considered to be clinically significant (Gaudieri et al., 2008).
Moderate effect size (Cohen’s d) corresponds to a mean group difference of a
half standard deviation, and it may represent an observable effect in daily life
and school achievement (Cohen, 1992). There are some children with T1DM
that have clinically significant problems in learning, and it is important to
identify them. In addition, small, sub-clinical problems in neurocognitive
functions and learning are common, especially in children with early-onset
diabetes or glycemic extremes. This thesis found that these children showed a
higher incidence of minor learning problems or slower acquisition of the basic
academic skills. Minor problems in neurocognitive development may have
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adverse consequences on learning at school (Glascoe, 2001), which in turn can
influence the future possibilities of students with T1IDM. Small cognitive
decrements and problems in learning can also cause additional stress and
worries in children with diabetes and their families. However, at the individual
level, the evaluation of the risk for learning problems should also include
familial, psychosocial and neurocognitive vulnerabilities, all of which can be
exacerbated in association with a chronic disease that has effects on the brain.

There are many reasons to pay attention to the child’s cognitive
development and learning at diabetes clinics. First, learning is a major
developmental task of children, and therefore diabetes care, which aims at
securing the development and wellbeing of a child with T1DM, is directly
connected with it. Secondly, there is increasing evidence that stable glycemic
control is beneficial to cognitive development, indicating the need for good
glycemic control from the onset of TIDM throughout the life course. Thirdly,
intact cognitive skills are required in learning diabetes self-care. Executive skills
and memory in particular are needed in the daily management of diabetes
(Tarazi, Mahone, & Zabel, 2007). Diabetes education should therefore be
tailored according to the child’s individual learning abilities. If a child with
TIDM has problems in cognitive development or learning at school, a
neuropsychological assessment is recommended in order to study the different
aspects of cognitive functioning and to plan support for learning.

Schools are faced with the needs of children with T1DM, which include
organizing support for diabetes self-care in young children and the prevention
of acute metabolic complications of diabetes during school days (Ministry of
Social Affairs and Health, 2010). It is important to make these plans in
collaboration with parents and school personnel before school begins. The
school has also the responsibility to organize support if the child has problems
in learning. Support should be given as early as possible, that is, as soon as such
problems are noticed. In the best situation, parents and educators will be
paying attention to the development of a child with early-onset diabetes already
before school entry. Support at school can include, for example, assistance
services and part-time special education. Most children with TIDM do not have
problems at school and do not need special arrangements for learning.
However, if the child has learning problems, diabetes may contribute to them.
In this situation, intensive collaboration by the parents, teachers and medical
personnel is required in order to plan effective support for the child. The
number of students with diabetes in schools is large and increasing, and
therefore teachers should acknowledge the risk for learning problems
associated with diabetes and the relevance of stable blood glucose levels for the
child’s well being and learning (Taras & Potts-Datema, 2005). This is important
for the early identification of problems and availability of support systems.



5 SUMMARY AND CONCLUSIONS

This thesis aimed at identifying the academic skills most likely to be affected in
children with TIDM and neurocognitive processes and disease-related
mechanisms underlying these possible learning problems. The main findings
were:

1. The children with type 1 diabetes had poorer verbal short-term memory than
the healthy children. The children with a history of severe hypoglycemia had
poorer skills in phonological processing than the children without diabetes. In
addition, they had more learning difficulties and more need for part-time
special education than the children without diabetes or the children without a
history of severe hypoglycemia.

2. The children with early-onset TIDM had poorer skills in spelling and
mathematics than the healthy children. They also were poorer in perception of
phonemic length, which is an important underlying process in reading, spelling
and mathematics.

3. The children with early-onset TIDM had more minor learning difficulties
than the healthy children. In the children with early-onset T1DM, a history of
severe hypoglycemia was not associated with poorer cognitive and academic
skills.

4. Poorer glycemic control one year after the diagnosis was associated with
poorer spelling accuracy. Severe hypoglycemia, diabetic ketoacidosis or recent
glycemic control were not associated with verbal or academic skills.

In conclusion, the development of early academic skills can be affected by
T1DM. In particular, children with early-onset diabetes and glycemic extremes
may be at risk for minor problems in spelling and mathematics, as well as the
phonological processing underlying them. This has direct implications for
diabetes care, as cognitive abilities and diabetes management are in a
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multidirectional relationship with each other. In order to cope with the
demands of diabetes self-care, the individual needs good cognitive abilities. On
the other hand, the effective management of TIDM seems to protect from
chronic physical as well as cognitive effects. Therefore, it is important to
consider cognitive development in diabetes care.

This thesis attempts to combine the developmental neurocognitive model
of early academic skills and the models of diabetes-related effects on brain
development. Early childhood, before school age, is the period of rapid
development of the brain and cognition. Therefore, the onset of diabetes and
consequent metabolic changes during this period can create a risk for
developmental deficits, which may become evident later at school age. This
integrative perspective could lead to better understanding of developmental
pathways in children with T1DM, and hence to better clinical management of
T1DM.
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YHTEENVETO

Tyypin 1 diabetesta sairastavien lasten kielelliset ja oppimiseen liittyvit perus-
taidot

Tyypin 1 diabetekseen sairastuu Suomessa enemmaén lapsia kuin missdén muualla
maailmassa, ja erityisesti alle 5-vuotiaana diabetekseen sairastuneiden maééra kas-
vaa. Tamé&n vuoksi diabetes vaikuttaa suomalaiseen yhteiskuntaan monin tavoin -
mm. koulut ja pédividhoito kohtaavat yhd useammin diabetesta sairastavien lasten
erityistarpeita. Diabeteksen hoidossa pyritddn nykyisin aiempaa pienempaéén, 14-
helld normaalia olevaan veren glukoosipitoisuuteen, mikd saattaa lisdtd vaikeiden
hypoglykemioiden (liian alhaisen veren glukoosipitoisuuden) riskid. Usein diabe-
testa sairastavien ongelma on kuitenkin liian korkea veren glukoosipitoisuus (hy-
perglykemia), mikd lisdd riskid diabeteksen pitkdaikaiskomplikaatioihin, mm.
verkkokalvon, hermoston ja munuaisten vaurioihin. Diabetekseen liittyvéat veren
glukoosiarvojen vaihtelut ja erityisesti akuutti hypoglykemia aiheuttavat toiminta-
hiirion aivoissa ja saattavat siten vaikuttaa lapsen kognitiiviseen kehitykseen. Té-
maé tutkimus pyrki selvittdimaddn, miten diabetesta sairastavien lasten kognitiiviset
taidot, luku- ja kirjoitustaito ja matemaattiset perustaidot ovat kehittyneet.

Aiempien tutkimusten perusteella tiedetddn, ettd diabetesta sairastavien las-
ten kognitiivinen kehitys on yleensd normaalikehityksen rajoissa, mutta ryhméta-
solla diabetesta sairastavat suoriutuvat hieman terveitd heikommin esim. niko-
hahmotusta, prosessointinopeutta ja tarkkaavuutta vaativissa toiminnoissa. Myos
luku- ja kirjoitustaitojen on havaittu olevan lievasti heikompia kuin terveilld lapsil-
la. Riskiryhmassa kognitiivisen kehityksen ja oppimisen ongelmien suhteen ovat
ne lapset, jotka ovat sairastuneet diabetekseen varhain, alle 5-vuotiaana, tai joilla
on ollut vaikeita hypoglykemioita, mutta myos liian korkeiden veren glukoosipi-
toisuuksien epdillddn haittaavan kognitiivista kehitysta. Kielellisten taitojen on ha-
vaittu kehittyvan heikommin juuri niilld lapsilla, joilla on ollut vaikeita hypogly-
kemioita tai pitkdaikainen hyperglykemia. Diabetesta sairastavien lasten kognitii-
visia taitoja kisittelevien tutkimusten vertailtavuutta haittaavat potilasaineistojen
pienet koot ja laajat ikdjakaumat sekd vaikeus erottaa eri riskitekijoiden, esim. var-
haisen sairastumisidn ja vaikeiden hypoglykemiakohtausten vaikutukset toisistaan.
Liséksi lapsen myohempé&dn kognitiiviseen kehitykseen saattaa vaikuttaa lapsen
ikd vaikean hypoglykemian tai hyperglykemian aikana, mutta téllainen kehitys-
vaiheen vaikutus on huomioitu vasta uusimmissa diabeteksen aivovaikutuksia ka-
sittelevissd malleissa. Aiemmat tutkimukset eivdt myoskddn ole hyodyntineet ke-
hitysneuropsykologisia teorioita eri taitojen kehityksestd ja niiden yhteyksistd toi-
siinsa.
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Téssd viitoskirjatutkimuksessa selvitettiin tyypin 1 diabeteksen merkitysta
lukemisen, kirjoittamisen ja laskemisen perustaitojen kehitykselle. Tutkimuksessa
kartoitettiin kognitiivisia taitoja ja erityisesti kielellisid perustaitoja, jotka kehittyvit
ennen kouluik&d ja ovat valttimattomid lukemaan, kirjoittamaan ja laskemaan op-
pimiselle. Ndin pyrittiin selvittimadn neurokognitiivisia prosesseja, jotka hairiin-
tyvat herkimmin varhain alkaneessa tyypin 1 diabeteksessa ja vaikeuttavat siten
mahdollisesti lukemisen, kirjoittamisen ja laskemisen perustaitojen oppimista kou-
luidssd. Toisena tavoitteena oli selvittdd diabetekseen liittyvien tekijoiden (mm.
varhainen alkamisikd, hypo- ja hyperglykemia) ja ndiden ajoituksen yhteyksid
kognitiivisiin taitoihin, lukemiseen, kirjoittamiseen ja laskemiseen.

Tutkimustulokset pohjautuvat neuropsykologisiin tutkimuksiin kahdella eri
aineistolla. Ensimmadinen aineisto koostui 5-12 -vuotiaista diabetesta sairastavista
ja terveistd lapsista, joiden kognitiivisia taitoja, oppimisvaikeuksia ja tukitoimien
tarvetta koulussa selvitettiin laajalla neuropsykologisella tutkimuksella ja van-
hempien haastattelulla. Toinen aineisto koostui diabetesta sairastavista ja terveista
lapsista, jotka olivat kolmannella luokalla koulussa ja iéltddn 9-10 -vuotiaita. Téa-
mén aineiston diabetesta sairastavat lapset olivat sairastuneet alle 5-vuotiaina.
Terveend kontrolliryhméni kdytettiin Jyvéskyldn yliopiston “Lapsen kielen kehitys
ja suvuittain esiintyva lukivaikeuksien riski” -tutkimushankkeen lapsia, joilla ei
ollut suvussa lukivaikeutta. Lapset tutkittiin tarkoilla, osin tietokoneavusteisilla
menetelmilld, jotka mittaavat lukemisen, kirjoittamisen ja laskemisen osa-
prosesseja sekd ndiden taustalla olevia kielellisid perustaitoja.

Viitoskirjan tulokset osoittivat, ettd alle 5-vuotiaana diabetekseen sairastu-
neilla lapsilla oli terveitd lapsia enemman lievid vaikeuksia oikeinkirjoituksessa ja
matematiikassa. Yli 30%:1la varhain diabetekseen sairastuneista lapsista oli vaike-
uksia oikeinkirjoituksessa. Lukemaan oppiminen oli hieman terveitd lapsia hi-
taampaa, mutta kolmannella luokalla varhain sairastuneiden lukunopeudessa tai -
tarkkuudessa ei ollut eroja terveisiin lapsiin verrattuna. Varhain diabetekseen sai-
rastuneilla oli terveitd lapsia enemméan ongelmia kielellisissd perustaidoissa - eri-
tyisesti fonologisessa prosessoinnissa. Toisaalta myts vaikeita hypoglykemioita
kokeneilla lapsilla havaittiin viitteitd fonologisen prosessoinnin ongelmista. Diabe-
testa sairastavilla lapsilla oli my6s normaalia kapeampi kielellinen lyhytkestoinen
muisti. Fonologiset taidot ja kielellinen lyhytkestoinen muisti ovat lukemisen, kir-
joittamisen ja laskemisen olennaisia taustaprosesseja, jotka kehittyvit ennen kou-
luikdd. Niiden kehitys vaikuttaisi olevan altis hdiriytyméaddn varhain alkaneessa
diabeteksessa.

Sairauteen liittyvistd tekijoistd varhaisella alkamisidlld vaikutti olevan suurin
vaikutus oppimiseen kouluidssd, eikd yhteys riippunut vaikeiden hypoglykemioi-
den kokemisesta. Vaikeita hypoglykemioita kokeneiden lasten vanhemmat rapor-
toivat kuitenkin lapsillaan olevan enemman oppimisvaikeuksia ja tukitoimien tar-
vetta koulussa kuin ne vanhemmat, joiden lapset eivét olleet kokeneet vaikeita hy-
poglykemioita tai joiden lapsella ei ollut diabetesta. Alle 5-vuotiaana sairastuneilla
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hyperglykemia sairauden alkuvaiheessa oli yhteydessa kirjoitusvaikeuksiin kou-
luidssd. Ndiden tulosten perusteella voidaan olettaa, ettd veren glukoosipitoisuu-
den &driarvot saattavat olla haitallisia lapsen kognitiiviselle kehitykselle. Veren
glukoosipitoisuus on myos tarked saada ldhelle normaalitasoa jo varhaisessa vai-
heessa sairautta.

Vaikka kouluoppiminen sujuu normaalisti suurimmalla osalla diabetesta sai-
rastavista lapsista, lapsen kehitykseen ja kouluoppimiseen on syytd kiinnittda
huomiota. Mikili oppimisvaikeuksia ilmenee, diabetes saattaa olla yksi vaikuttava
tekija muiden, mm. perinnéllisen oppimisvaikeusriskin, neurokognitiivisten on-
gelmien ja psykososiaalisen kuormituksen ohella. Talloin on suositeltavaa tehda
neuropsykologinen tutkimus oppimisvaikeuksien selvittelemiseksi ja tukitoimien
suunnittelemiseksi. Nopeasti koulussa jdrjestetty tuki, esim. osa-aikainen erityis-
opetus, ja tiivis yhteistyd vanhempien, opettajan ja hoitavan diabetes-tyoryhman
kesken on ensiarvoista lapsen hyvin toimintakyvyn ja oppimisen varmistamiseksi.
Lasten kanssa toimivien olisi tdrked tiedostaa diabeteksen hyvan omahoidon ja
glukoositasapainon merkitys lapsen toimintakyvylle ja kehitykselle.
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Previous studies have shown that recurrent severe
hypoglycaemia can cause long-term cognitive impairment in
children with type-1 diabetes, but the results are controversial,
possibly due to the heterogeneity of samples and lack of
comprehensive neuropsychological assessments of children. The
aim of this study was to assess the effects of diabetes and severe
hypoglycaemia on the neurocognitive functioning of children
with a standardized, wide age-range neuropsychological test
battery designed for the assessment of children. Eleven
children with diabetes and a history of severe hypoglycaemia,
10 children with diabetes without a history of severe
hypoglycaemia, and 10 healthy control children (a total of 31
children: 14 males and 17 females, age range 5 years 6 months
to 11 years 11 months, mean 9 years 4 months, SD 1 year 11
months) were studied using the Wechsler Intelligence Scale for
Children-Revised (WISC-R) and the NEPSY, a Developmental
Neuropsychological Assessment. The NEPSY assessed
development in attention and executive functions, language,
sensorimotor functions, visuospatial processing, and learning
and memory. Children with a history of severe hypoglycaemia
had more neuropsychological impairments, more learning
difficulties (as reported by parents), and needed more part-
time special education than those in the other groups.
Significant differences were found in verbal short-term
memory and phonological processing. Results suggest that
severe hypoglycaemia is a risk factor for learning due to
deficits in auditory—verbal functioning.
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Type-1 (insulin-dependent) diabetes mellitus is a chronic
metabolic disorder caused by an autoimmune destructive
process of the pancreatic beta cells, leading to hypergly-
caemia and to the need for insulin replacement therapy. The
geographical incidence varies considerably throughout the
world, with highest rate in Finland (45 per 100 000 children
below 15 years of age per year; Tuomilehto et al. 1999).

One of the main goals of diabetes management is to
achieve near-normoglycaemia to prevent or to minimize the
long-term complications of diabetes (retinopathy, nephropa-
thy, and neuropathy). However, attempts towards near-
normoglycaemia can lead to an increasing incidence of hypo-
glycemic episodes, which are the most common acute com-
plications of insulin therapy.

For descriptive and clinical purposes, hypoglycaemia in
children can be divided into four categories: (1) asymptomatic
(biochemical), (2) mild symptomatic, (3) moderate sympto-
matic, and (4) severe hypoglycaemia. In mild symptomatic
hypoglycaemia, the patients are able to detect and treat the
hypoglycaemia by themselves. In moderate hypoglycaemia,
the aid of another person is needed. Hypoglycaemia is severe
when the patient is unconscious, and/or has convulsions.
Virtually no hypoglycaemia occurring in children under 6
years can be classified as mild as young children are rarely
able to treat themselves. Annually, 5-10% of children with
type-1 diabetes mellitus experience severe hypoglycaemia
leading to unconsciousness. They may experience mild symp-
tomatic or asymptomatic hypoglycaemic episodes weekly
(Aman et al. 1989, Barkai et al. 1998).

It has been noticed that recurrent severe hypoglycaemia
can cause long-term cognitive impairment in children with
type-1 diabetes (Rovet et al. 1987, Bjgrgaas et al. 1997, Rovet
and Ehrlich 1999), but valid reports in which such correlations
have not been found also exist (Ryan et al. 1985, Northam et
al. 1992). Deficits in verbal abilities (Rovet and Alvarez 1997),
spatial abilities (Rovet 2000), attention (Bjgrgaas et al. 1997,
Rovet and Alvarez 1997), and short-term memory (Rovet and
Ehrlich 1999) have been reported in connection with epi-
sodes of severe hypoglycaemia. The vast majority of the evi-
dence with regard to the long-term effects of hypoglycaemia
on neurocognitive performance is based on adults with long-
standing diabetes and the results are controversial (Rovet
2000).

Studies on the effects of severe hypoglycaemia in children
with diabetes have been made using small sample sizes
(Rovet etal. 1987, Bjgrgaas etal. 1997, Kaufman et al. 1999).
Recently, Northam and coworkers (1999, 2001) published a
prospective study with a large and representative cohort.
The variety of tests used to assess different neurocognitive
domains make it difficult to compare results between stud-
ies. Wide age-ranges within studies have also led to problems
in test selection. Many of the neuropsychological tests used
have either been originally developed for adults (e.g.
Wisconsin Card Sorting Test; Berg 1948) or are experimental
tests, thereby rendering evaluation of the clinical relevance
of the results difficult.

In this controlled study we assessed the effects of diabetes
and severe hypoglycaemia on neurocognitive functioning in
children with a comprehensive neuropsychological test battery,
including standardized normative values for every age group.



Method

PARTICIPANTS

The study population consisted of 21 children with type-1 dia-
betes mellitus and 10 healthy children (Table I). The ages of the
children ranged from 5 years 6 months to 11 years 11 months
and the duration of diabetes ranged from 1 year 9 months to 9
years 7 months. The children with diabetes were outpatients at
Kymenlaakso Central Hospital in Finland. Of the children with
diabetes, 11 had experienced at least one episode of severe
hypoglycaemia (D+H group), defined as unconsciousness
and/or convulsions associated with blood glucose concentra-
tion <3mmol/L or with prompt response to the administration
of glucagon or intravenous glucose. The other 10 children with
diabetes had never experienced severe hypoglycaemia (D-H
group). The unaffected children served as controls (C group).
They consisted of volunteers from the children of hospital staff
and children from a local sports club.

All children at Kymenlaakso Central Hospital outpatient
clinic who had experienced severe hypoglycaemia and met
the criteria for prepubescence (Tanner Stage 1; Tanner 1962)
and had normal milestones in psychomotor development
(evaluated at well-child clinic and by a paediatrician at the hos-
pital) were included in the study. The D+H group was
matched with the D-H and C groups for sex, age, and parents’
educational level. Parents’ educational level was categorized
as 1, compulsory 9-year education only; 2, vocational educa-
tion or similar; 3, college education or similar; and 4, universi-
ty education. The clinical data on severe hypoglycaemia were
confirmed both by interviewing children and their families
and by reviewing hospital records. Of the children with hypo-
glycaemia, four had experienced 1 episode, four had 2
episodes, two had 3 episodes, and one child had 4 episodes of
severe hypoglycaemia. The episodes had occurred 9 months
to 7 years (median 4 years) before the study. The two diabetic
groups did not differ in recent metabolic control, defined as
HbAlc-value, or in prevalence and severity of initial ketoacido-
sis, defined as serum pH<7.3 (see Table I). None had been
unconscious during ketoacidosis, and none of the children
had experienced later ketoacidosis. The two diabetes groups

differed in age at diagnosis and duration of illness. Age at diag-
nosis was younger and duration of diabetes was longer in the
D+H group than in the D-H group (see Table I). All the chil-
dren had normal psychomotor development and had no his-
tory of intrauterine or perinatal problems, other neurological
disorders, nor trauma. No one had experienced any psycho-
logical crises. All children were in ordinary elementary schools
except for four who were in preschool.

NEUROPSYCHOLOGICAL ASSESSMENT

The Finnish version of the Wechsler Intelligence Scale for
Children-Revised (WISC-R; Wechsler 1984) was used to
assess general intelligence in the children aged 6 years and
older. A 5-year-old child in the D-H group received the
Finnish version of the Wechsler Preschool and Primary Scale of
Intelligence—-Revised (WPPSI-R; Wechsler 1995). All the verbal
subtests (Information, Similarities, Arithmetic, Vocabulary, and
Comprehension) were administered and they formed the
Verbal 1Q score. Performance IQ was formed from the Picture
Completion, Block Design, Object Assembly, and Coding sub-
tests (Picture Completion, Block Design, and Object Assembly
in WPPSI-R). The IQ scores (Full-Scale, Verbal, and Per-
formance IQ) have amean of 100 (SD 15) and for the individual
subtests the mean s 10 (SD 3). The Digit span forward assessed
verbal short-term memory and was included in the neuropsy-
chological domain of Memory and learning.

The NEPSY, a Developmental Neuropsychological Assess-
ment (Korkman et al. 1997) is a neuropsychological test for
children 3 to 12 years of age. The Finnish version consists of
30 neuropsychological subtests designed to assess neuropsy-
chological development in five functional domains: Attention/
Executive functions, Language, Sensorimotor functions, Visuo-
spatial processing, and Memory and learning. The subtests of
the Finnish version correspond to the English version of the
NEPSY (Korkman et al. 1998). The subtests have been stan-
dardized on a single sample of children (Korkman 2000). Each
age group has its own standardized normative values where
the mean standard score is 10 (SD 3). Of the 30 NEPSY sub-
tests, 16 were administered (Table II). The selected subtests

Table I: Characteristics of diabetes and hypoglycaemia (D+H), diabetes without hypoglycaemia (D-H),

and control groups
Characteristics Groups Significant group
D+H D-H Control differences

(n=11) (n=10) (n=10)

Sex, n 5M,6F 4M,6F 5M,5F

Age,y; mean (SD) 9.55 (2.19) 9.10 (1.92) 9.23(1.79)

Parents’ education?, mean (SD)  2.09 (0.83) 2.40 (0.84) 2.90(0.99)

Age atdiagnosis, y; mean (SD)  3.32 (1.45) 5.40 (2.38) t=-2.45(18)"

Duration of diabetes, y; mean (SD) 6.16 (2.52) 3.70 (1.63) 1=2.67(18)"

HbA1lc, %°; mean (SD) 8.3(1.9) 8.4 (2.0)

Initial ketoacidosis, n 2 3

Learning difficulties, n 2¢ 0¢ x2=7.33(2)"

Special education, 7 2¢ [ x2=7.33(2)f

Neuropsychological impairment?, 7 3 0 %2=9.74(2)f

“Parents’ education was categorized as: 1, compulsory 9-year education only; 2, vocational education or similar; 3,
college education or similar; and 4, university education; PDCA 2000 Analyzer (Bayer Corporation, Elkhart, IN,
USA), reference limit 4-6.2%; ‘Learning difficulties as reported by parents; YIndicated as standard score <4 in any
of the NEPSY subtests (Korkman et al. 1997); n=9; /p<0.05.
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were mainly core subtests of the domains. Picture perception
and Picture recognition subtests were used in order to obtain
information about the visuospatial memory of the children
with diabetes. The tests were administered in the same order
to all the children.

PROCEDURE
All the children were assessed by the same psychologist over
two or three sessions, with each session lasting 45 to 60 min-
utes. Between sessions there was a break. According to the
wishes of the child and the parents, the sessions were sched-
uled for the same day or for different days within a 2-week peri-
od. The examiner was not informed which of the two diabetes

groups the child belonged to. After the evaluation of the chil-
dren with diabetes the control group was assessed. The
blood glucose level of the children with diabetes was mea-
sured before each assessment session. None of the children
had symptoms of hypoglycaemia or blood glucose value
<3mmol/L at the time of assessment.

Atthe beginning of the assessmenta structured interview on
the child’s cognitive development, learning, and social rela-
tionships was administered to the parents. The parents were
asked if the child had learning difficulties in reading, spelling,
or mathematics or had received part-time special education at
school. Informed consent was obtained from the parents. The
ethics committee of the hospital approved the study.

Table II: Description of NEPSY subtests (Finnish version; Korkman et al. 1997)

Domain

Subtest

Description

Attention/Executive functions

Language

Sensorimotor functions

Visuospatial processing

Memory and learning

Tower
Auditory attention and
Response set

Visual attention

Phonological processing

Comprehension of instructions

Speeded naming

Verbal fluency

Fingertip tapping

Visuomotor precision

Finger discrimination
Design copying
Arrows

Picture perception

Picture recognition

Memory for names

Listlearning

Assesses planning, monitoring, and problem solving.

The child has to arrange 3 balls on 3 pegs in a prescribed number of moves
and time limit.

Assesses vigilance, selective auditory attention, and ability to shift set.

The child learns to respond to certain word in Part A, and has to shift set
and respond to contrasting stimuli in Part B.

Assesses the speed and accuracy of visual search.

Assesses the ability to process the phonology of words.

The child has to identify words from segments or create a new word by
omitting a word segment.

Assesses the ability to process and respond to verbal instructions. Requires
understanding of concepts and syntactic features.

Assesses the ability to access and produce familiar words rapidly.

The child has to name quickly the size, color and shape of the object. Time
and errors are recorded.

Assesses the ability to generate words according to semantic and
phonemic categories.

Assesses finger dexterity and psychomotor speed. The child taps the index
finger against the thumb 30 times. In the second part the child taps the
fingers sequentially against the thumb. The score measures the time taken.
Assesses fine motor skills and hand-eye coordination. The child draws a
line inside a track without crossing over the boundaries. The score
measures both errors and the time taken.

Assesses tactile perception. Without the aid of vision, the child identifies
which of his fingers the examiner touches.

Assesses visuomotor integration and visuospatial skills. The child copies
two-dimensional figures.

Assesses the ability to judge the direction, angularity and orientation of
lines. The child is asked which two of eight arrows hit the target.

Assesses visual recognition. The child is presented with three photos of an
object, with 3s for each photo. The first photo is not sharply focused, the
second is sharper and the third is the sharpest. The child is asked to name
the object as soon as s/he recognizes it. (This test is not in the English
version of NEPSY.)

Assesses visual and visuospatial memory. The child is asked to select the
photo he has seen in the previous subtest from among four photos of
similar objects. (This test is not in the English version of NEPSY).

Assesses pair-associative memory for visual and verbal information. The
child learns the names of the children seen in eight pictures. The pictures
are presented three times, and 30min after the last presentation the child
is asked to name the children in the pictures again.

Assesses verbal learning. A 15-item word list is presented over five trials.
An interference list is administered and recalled once, and the child is then
asked to repeat the first list. Delayed recall time is after 30min. (This
subtest was administered only to children who were 7 years and older.)
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STATISTICAL ANALYSIS

Multivariate analysis of variance was used to determine
group effects on general intelligence and on the neuropsy-
chological domains. Parents’ education was entered as a
covariate. The data of the two diabetes groups were analyzed
using parents’ education, age at diagnosis, and duration of
diabetes as covariates. Univariate ANOVA models were used
to determine group differences in the IQ measures and in
the individual subtests. Pairwise comparisons were further
analyzed by Tukey’s HSD test. Cross-tabulations with the y?
test were used to determine differences between the groups
in the dichotomous variables (e.g. learning difficulties, need
for special education).

Results

Significant differences were found in the learning difficulties
reported by parents (x?=7.33(2), p<0.05) and need for part-
time special education (x2=7.33(2), p<0.05). Most learning
difficulties and special education needs were reported in the
D+H group, indicating that the children who had experi-
enced severe hypoglycaemia had more learning difficulties
in reading, spelling, and mathematics (see Table I).

Because previous studies have not found conclusive evi-
dence on the clinical significance and quality of neurocogni-
tive impairments in children with diabetes, we took the
evaluation of clinically significant neurocognitive impair-
ments as our first task. A significant neuropsychological

Table III: Test scores in diabetes and hypoglycaemia (D+H), diabetes without hypoglycaemia (D-H),
and control groups. Values are mean standard scores (SD)

Tests/subtests Groups Significant group
D+H D-H Control differences
(n=11) (n=10) (n=10)
WISC-R
Information 7.36 (2.34) 9.60 (3.44) 8.50(2.01)
Similarities 9.45 (1.81) 9.80 (3.29) 9.50 (1.65)
Arithmetic 9.18 (2.32) 10.40 (1.58) 10.80 (1.93)
Vocabulary 6.36 (2.98) 8.90 (3.84) 9.30 (2.87)
Comprehension 7.91 (2.43) 8.80 (2.82) 8.60 (2.59)
Picture completion 8.45 (2.406) 10.00 (3.20) 9.80 (2.82)
Block design 11.18 (1.94) 11.50 (2.80) 12.40 (3.27)
Object assembly 10.55 (2.38) 11.10 (3.38) 11.20 (2.04)
Coding 11.18 (2.23) 10.56 (3.13) 11.00 (2.75)
Verbal 1Q* 87.91 (10.05) 96.30 (14.93) 95.40 (9.806)
Performance 1Q? 102.09 (12.73) 106.10 (16.58) 107.20 (14.36)
Full-scale IQ* 93.55 (10.13) 101.00 (15.58) 101.00 (10.58)
NEPSY
Attention/Executive functions
Tower 12.27 (1.90) 10.60 (2.84) 13.50 (2.07) D-H<C¢
Auditory attention 9.27 (4.27) 11.80 (2.57) 11.10 (2.33)
Visual attention 10.82 (1.25) 10.90 (3.70) 10.90 (2.42)
Language
Phonological processes 7.45 (3.70) 9.00 (2.62) 11.10 (2.38) D+H<C®
Comprehension 7.00 (2.61) 8.90 (4.09) 8.80 (3.26)
Speeded naming 9.18 (2.86) 1130 (2.11) 10.10 (2.13)
Verbal fluency 8.36 (3.91) 7.90 (4.84) 11.90 (2.73)
Sensorimotor functions
Fingertip tapping 12.09 (1.81) 12.80 (1.14) 12.60 (1.58)
Visuomotor precision 11.00 (2.65) 10.90 (3.78) 11.60 (4.33)
Finger discrimination 10.09 (2.63) 10.30 (2.98) 11.40 (1.84)
Visuospatial processing
Design copying 11.45 (2.21) 11.70 (2.63) 11.70 (1.89)
Arrows 11.18 (2.71) 11.20 (1.23) 12.00 (2.49)
Picture perception 9.73 (3.00) 12.40 (2.07) 11.00 (2.87)
Memory and learning
Picture recognition 11.09 (3.18) 10.40 (3.03) 10.90 (2.42)
Memory for names 8.82 (2.86) 9.70 (3.27) 11.00 (3.30)
List learning 9.44 (2.40) 10.22 (3.35) 11.57 (4.69)
Digit span forward® 4.73 (0.79) 4.60 (0.52) 5.80 (0.92) D+H<Cd
D-H<C!

“Mean 100, SD 15, in subtests, standard score mean 10, SD 3; Praw score; p<0.05; 9 <0.01.
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impairment is considered to exist when a person scores 2SD
below the neuropsychological test mean (standard score
<4). On the basis of the volume of neuropsychological
impairment in the groups, we counted as having impairment
those children who had atleast one standard score <4. In the
D+H group seven of 11 and in the D-H group three of 10
had significant neuropsychological impairments in at least
one area of functioning, mainly in language and executive
functions. None of the children in the control group had any
neuropsychological deficits (see Table I). The between-
group difference was significant (x>=9.74(2), p<0.05).

The test scores in the D+H, D-H, and C groups are dis-
played in Table III. The data were analyzed with multi-
variate analyses of variance within the Wechsler tests and
neuropsychological domains. Due to the small size of the
sample, the power of the analysis was not sufficient to detect
small differences. There were almost significant group effects
in the neuropsychological domains of Memory and learn-
ing (p=0.09), Attention/Executive functions (p=0.12), and
Language (p=0.15). Parents’ education was not a significant
covariate in any of the analyses.

In the neuropsychological subtests assessing Memory and
learning a significant difference was found in the Digit span
forward (F=7.6 (2,28), p<0.01). Digit span forward was
exceptionally short in both diabetes groups (D+H mean 4.73
digits [SD 0.79,p<0.01] and D-H mean 4.6 [SD 0.52, p<0.01])
when compared with the control group (mean 5.80 [SD 0.92]).
In the neuropsychological subtests assessing language func-
tions a significant difference was found in Phonological
processes (F=3.92 (2,28), p<0.05). The D+H group had
lower standard scores than control children (p<0.05). In the
neuropsychological subtests assessing Attention/Executive
functions, Visuospatial and Sensorimotor functions, all three
groups scored near or over the standard means of the subtests,
indicating high-level abilities. Group differences were found in
the Tower subtest assessing planning and executive processes
(F=4.04 (2, 28), p<0.05). A significant difference was found
between the D-H and C groups (p<0.05). No statistical differ-
ence was found in the Wechsler subtests. Verbal IQ in the D+H
group was 87.9, in the D-H group 96.3, and in the control
group 95.4, but the differences did not reach statistical signifi-
cance.

Because the two diabetes groups differed in age at diagnosis
and duration of illness, comparison within the diabetes
groups were made using these variables and parents’ educa-
tion as covariates. A significant group effect (F=4.43 (3, 14),
p<0.05) was found in attention and executive functions.
Pairwise comparisons revealed significant differences in the
Tower subtest (»p<0.05), where the D-H group had lower
scores than the D+H group, and in Auditive attention
(p<0.05), where the D+H group performed more poorly than
the D-H group. Age at diagnosis (»<0.05) and duration of dia-
betes (p<0.01) were significant covariates in the Auditive atten-
tion subtest. There was no significant group effect in any of the
other neuropsychological domains nor in intelligence.

Discussion

The aim of the study was to assess the effects of diabetes and
severe hypoglycaemia on neurocognitive functioning in chil-
dren. We used a comprehensive, well standardized, and vali-
dated, wide age-range neuropsychological test in order to
assess a variety of cognitive domains. By means of the NEPSY,
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it is possible to study both basic and complex aspects of neu-
rocognitive functioning with subtests appropriate across
wide age groups, thereby obtaining information on the clini-
cal relevance of neurocognitive deficits when compared with
age expectations (Korkman et al. 1998). A comprehensive
neuropsychological assessment can explain a behavioural
outcome (e.g. learning difficulty) by showing the deficits in
basic function (e.g. phonological processing).

In this study, the children with diabetes who had experi-
enced severe hypoglycaemia had significantly more neu-
ropsychological deficits and learning difficulty, and they
needed more special education than the healthy children or
the children with diabetes but without a history of severe
hypoglycaemia. The clinical significance of cognitive impair-
ments in children with diabetes has not been fully recognized
in previous studies. Significant differences were found in ver-
bal short-term memory and phonological processing skills
between the children who had experienced severe hypogly-
caemia and the healthy children. Other studies have also
reported a relation between poorer short-term memory and
severe hypoglycaemia (Kaufman et al. 1999, Northam et al.
1999, Rovet and Ehrlich 1999). Phonological processing skills
have not been assessed comprehensively in previous studies.
Deficits in auditory—verbal functions, as found in our study,
have an influence on the development of verbal skills. They
may partly explain the lower verbal intelligence in children
with a history of severe hypoglycaemia found in the prospec-
tive studies by Rovet and Ehrlich (1999) and Northam and
colleagues (2001).

The frontal and temporal regions, particularly in the left
hemisphere, are involved in language, memory, and atten-
tional processes. Auer and Siesjo (1988) and Chalmers and
colleagues (1991) found that abnormal blood glucose levels
in particular affect the frontal and temporal regions of the
brain, especially the hippocampus (Auer 1986). In cerebral
blood flow studies hypoglycaemia has been shown to have
an asymmetrical effect with a greater reduction of left- versus
right-hemisphere profusion (Jarjour et al. 1995).

The brains of infants appear to have an increased vulnera-
bility to hypoglycaemia (Harwoth and Coodin 1960). Preterm
infants born small for gestational age (Lucas et al. 1988),
infants of mothers with diabetes (Schwartz and Teramo
2000), and infants with persistent hyperinsulinemic hypogly-
caemia (Cresto et al. 1998) are most at risk. An adverse neu-
rodevelopmental outcome can be seen even after moderate
neonatal hypoglycaemia (Lucas et al. 1988), and prolonged
or repeated episodes of profound neonatal hypoglycaemia
may lead to severe learning disability* and epilepsy (Menni et
al. 2001). In contrast to these patients, children with diabetes
are usually older and recover from severe hypoglycaemic
attacks without permanent major neurological deficits
(Tupola et al. 1998). However, transient hemiplegia after
severe hypoglycaemia has been described in children with
diabetes (Lala et al. 1989, Wayne et al. 1990). The mechanism
of this neurological deficit remains unclear.

In our study, the neurocognitive functioning of the chil-
dren with diabetes and without an experience of severe
hypoglycaemia was less affected than that of those with
recurrent severe hypoglycaemia. However, they too had
slightly poorer auditory—verbal skills than the unaffected

#US usage: mental retardation.



children. In addition, they differed in a task requiring execu-
tive processes. Thus, diabetes can be associated with subtle,
diffuse deficits in the child’s performance. The explanation
could lie in the mild symptomatic or asymptomatic hypogly-
caemic episodes which all children with diabetes experience.
Such episodes cause transient cognitive deficits, especially in
planning and cognitive flexibility, sustained attention, and
reaction time (Ryan etal. 1990) and, cumulatively, may have a
negative effect on the child’s performance.

Minor problems in neurocognitive functioning may cause
learning difficulties at school. Ryan (1988) reported poorer
school achievement among children with diabetes, especial-
ly in reading and spelling. In our study, the children with dia-
betes and especially those who had experienced severe
hypoglycaemia had more learning difficulties reported by
parents and needed more part-time special education than
the unaffected children. Alimitation of the study is that teach-
ers’ reports were not obtained. In the literature, there is no
consensus regarding the link between specific learning disor-
ders and diabetes. When compared with other groups of chil-
dren with chronic illnesses, children with diabetes perform
more poorly at school and surpass only those children with a
neurological illness e.g. epilepsy (Fowler et al. 1985). Deficits
in neurocognitive functioning apart, other reasons can be
adduced to explain the poorer school achievement of children
with diabetes. They may be more frequently absent from
school, which can affect school performance. Mild hypogly-
caemic episodes have an influence on attention (Ryan et al.
1990, Gschwend et al. 1995), psychomotor speed and mem-
ory (Reich et al. 1990), and learning in the classroom is not
always effective. It is likely that teachers are not always aware
of hypoglycaemia-induced cognitive deficits, and this may
also influence performance at school.

The limitations of the current study are acknowledged. We
have used a small sample, and this restricts the generalizabil-
ity of the results. Nevertheless, some significant differences
in neurocognitive functioning between the groups were
found. Most of the previous studies on the effects of diabetes
on cognitive functioning have found that the critical factors
affecting cognitive development in children are early onset of
diabetes (Ryan etal. 1985, Rovet et al. 1988, Hagen et al. 1990)
and prevalence of severe hypoglycaemia (Rovet et al. 1987,
Bjgrgaas etal. 1997). However, according to Kaufman and col-
leagues (1999) age of diagnosis is not related to neurocogni-
tive test results. In our study, the children who had had severe
hypoglycaemia were diagnosed at a younger age than the
other children with diabetes. This is quite often the case, as
young children have a higher incidence of severe hypogly-
caemia (Ternand et al. 1982). It remains doubtful, however,
whether the onset age of diabetes or the occurrence of severe
hypoglycaemia at a certain age affects cognitive development.
Because of the small size of the sample, the present study can-
not fully differentiate the effects of the age at onset of illness
and severe hypoglycaemia.

In children with diabetes, neurocognitive functioning is
in most cases normally developed, but diffuse deficits may
also exist. Clinically significant impairments are associated
with severe hypoglycaemia. Deficits in cognitive functioning
in turn have an important effect on the child’s performance,
on school achievement as well as on the child’s ability to
manage diabetes. This study suggests that neuropsychologi-
cal assessments should be administered to children with

diabetes in order to identify possible deficits in neurocognitive
functioning.
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AIM Basic verbal and academic skills can be adversely affected by early-onset diabetes, although
these skills have been studied less than other cognitive functions. This study aimed to explore the
mechanism of learning deficits in children with diabetes by assessing basic verbal and academic

skills in children with early-onset diabetes and in comparison children. In addition, the incidence
of dyslexia (<10th centile in reading speed or reading-spelling accuracy) was studied.

METHOD The performance of 51 children with early-onset diabetes (25 females, 26 males; mean
age 9y 11mo, SD 4mo; range 9-10y) was compared with that of 92 children without diabetes (40
females, 52 males; mean age 9y 10mo, SD 3mo; range 9-10y) in the tasks of phonological process-
ing, short-term memory, rapid automatized naming, reading, spelling, and mathematics.
RESULTS The performance of children with diabetes was poorer than that of the comparison
children in phonological processing (p=0.001), spelling accuracy (p<0.001), and mathematics
(p=0.024). They learned to read later (p=0.013), but reading performance and the incidence of
dyslexia in the third grade (aged 9-10y) were similar in the two groups.

INTERPRETATION Children with early-onset diabetes are prone to minor learning difficulties in
their early school years as a result of deficits in phonological processing.

Cognitive development may be affected in children with type
1 diabetes. Among the variables related to this illness, early
age at onset shows the strongest effect on cognitive develop-
ment, whereas the role of severe hypoglycaemia and other
complications is more controversial.' It has been proposed
that developing skills are vulnerable to brain insults, for exam-
ple as a result of extreme fluctuations in blood glucose.” For
this reason, basic cognitive functions that develop during early
childhood, and the emerging skills dependent on them, are
prone to be affected in early-onset diabetes. Research on the
basic cognitive functions should, therefore, add essential infor-
mation about the possible mechanism of learning deficits in
children with diabetes.

Previous research into the cognitive functions of children
with diabetes has focused on intelligence, learning and mem-
ory, processing speed, and attention. Among verbal skills, the
focus has been on complex skills such as verbal intelligence®*
and verbal learning and memory.™ Prospective studies have
shown problems in the development of verbal intelligence as a
function of severe hypoglycaemia,* which increase with the
duration of illness, whereas the findings of cross-sectional
studies have been more inconclusive, probably because of large
differences in the age of the sample populations and different
methods of assessment.

© The Authors. Journal compilation © Mac Keith Press 2010

Basic verbal skills have been assessed in only a few studies,
and deficits in auditory short-term memory®” and phonologi-
cal processing” have been reported in some children with dia-
betes. Rapid automatized naming has not been assessed in
children with diabetes, although it is an important measure of
language processing and is closely associated with reading.'®"!
Phonological processes, auditory short-term memory, and
automatized retrieval from the long-term memory (rapid auto-
matized naming) are required to develop fluent skills in read-
ing and spelling."*"* These basic processes develop rapidly
during childhood, before school age, and are, therefore, prone
to be affected in early-onset diabetes.

Hannonen et al.” have suggested that deficits in basic verbal
skills in some children with diabetes might be linked to an
increased need for special education in learning to read and
spell. As achievement in mathematics is associated with read-
ing,'* it is surprising that mathematical learning difficulties
have not been reported in previous studies.”™*!* Although the
evidence for the overall influence of diabetes on school
achievement is weak,”®!'>!¢ children who have acquired dia-
betes at an early age”'® and children with longer disease dura-
tion,” with a history of severe hypoglycaemia,” or with poor
glycaemic control® have a higher risk for poorer achievement
or learning difficulties, and they are, therefore, more likely to
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need extra support at school. In addition to diabetes, other fac-
tors affect development and achievement. For example, famil-
ial risk is a well-documented predictor of reading
difficulties'*"? and can also affect the development of children
with diabetes. This study assesses academic skills with sensi-
tive, partly computerized, tasks of reading, spelling, and math-
ematics to identify which processes are affected in early-onset
diabetes. In addition, the severity of reading disability in chil-
dren with diabetes is studied using the criteria for dyslexia.

The aim of this study was to compare children with early-
onset type 1 diabetes and age-matched comparison children
without diabetes in terms of (1) basic verbal and academic
skills in the third grade at school (at the age of 9-10y), (2) time
of reading acquisition at the beginning of education, and (3)
the incidence of dyslexia in the third grade at school.

METHOD

Participants

Sixty-three children with type 1 diabetes, screened by the pae-
diatric diabetes clinics of the four special care hospitals in Fin-
land, participated in the study. Children with type 1 diabetes
who had been diagnosed before 5 years of age and who were 9
to 10 years of age at the time of the study were eligible for
inclusion. Exclusion criteria were native language other than
Finnish and a diagnosed neurological disorder that affects cog-
nitive development (e.g. learning disability* and autism). The
nurse or the doctor of the paediatric diabetes clinic identified
children who fulfilled the criteria and contacted their parents.
The data were collected over 3 consecutive years from 2006 to
2008. Seventy-nine children and their parents were asked to
participate in the study. Sixteen refused to participate, mainly
because of time constraints. Background information on refus-
als was not available. Sixty-three (79.7%) children with diabe-
tes participated in the study. Of the children with diabetes,
19% had a familial risk of dyslexia, as reported by the parent,
and defined as at least one parent and one other close relative
who had problems with reading and spelling. None of the
children in the comparison group had a familial risk of dys-
lexia, as their selection for this group was based on this
requirement. Thus, the children with diabetes and familial risk
of dyslexia were excluded from the statistical analyses, leaving
51 children in the diabetes group.

The comparison group used in the Jyviskyld Longitudinal
Study of Dyslexia (#=92) was selected as the comparison group
of this study. The children in this group had neither familial
risk of dyslexia nor diabetes. The comparison children had
been followed from birth in order to study their language
development and the predictors and precursors of dyslexia.
Originally, they were screened over 4 consecutive years from
families attending maternity clinics in central Finland. The
comparison group was assessed with the same tests as the dia-
betes group during the years 2003 to 2006. (For a detailed
description of the comparison group, see Lyytinen et al.'?)

The children in the two groups were assessed at the same
age: in the spring semester of the third grade (in Finland, chil-

*North American usage: mental retardation.
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What this paper adds

« The development of academic skills can be affected by early-onset diabetes.

o Children with early-onset diabetes may have minor learning difficulties in spell-
ing and mathematics.

» Difficulties in phonological processing underlie problems in academic skills.

dren enter school at the age of 7) or during the following sum-
mer. There were no differences between the groups in sex,
age, 1Q, or parents’ education (Table I). More treatment for
neonatal complications (preterm birth, asphyxia, infection,
neonatal hypoglycaemia, exchange transfusion, neonatal
hyperbilirubinaemia) were recorded in the comparison group
than in the diabetes group (32.6% and 15.7% respectively,
72 [1]=4.76, p=0.029), whereas both groups had normal devel-
opmental milestones in speaking and walking.

Procedure

At the beginning of the psychological assessment, written
informed consent was provided by the parent and verbal assent
was given by the child. The mother filled in a structured ques-
tionnaire on her child’s development, school history, and the
time of reading acquisition, her own and the child’s father’s
education and profession, type of family, and familial risk for
dyslexia (parents, siblings, close relatives). The birth and ill-
ness history of the children was obtained from the hospital
medical records. The protocol was approved by the Kymen-
laakso Central Hospital’s Ethics Committee.

Children were assessed by experienced psychologists. The
two groups were assessed separately. The assessment lasted
2 hours, with a break after 1 hour. Before and after the assess-
ment, the children with diabetes measured their plasma glu-
cose level. If plasma glucose was less than 4mmol/l, a 10g
carbohydrate snack was given and the assessment delayed until
the plasma glucose value was more than 4mmol/1. If plasma
glucose was more than 18mmol/], the assessment was delayed

Table I: Participant characteristics

Comparison
Diabetes group group
n 51 92
Female/Male, n 25/26 40/52
Mean age (SD) 9y 11mo (4mo) 9y 10mo
(3mo)
Mother's education,” mean (SD) 4.34(1.35) 4.66 (1.39)
Father's education,” mean (SD) 3.61(1.43) 3.99 (1.34)
Mean Verbal 1Q (SD) 99.76 (16.42) 102.03 (14.69)
Mean Performance 1Q (SD) 98.53 (20.60) 101.56 (15.67)
Mean Full-scale 1Q (SD) 98.84 (16.24) 101.30(12.38)
Mean age at diabetes onset (SD) 3y (1y 4mo) -
Mean HbA+ (%), mean (SD) 8.2(0.6) -
Latest HbA,. (%), mean (SD) 8.3(0.8) -

Occurrence of severe 60.8 -
hypoglycaemia (%)

2Parents’ education was classified using a seven-point scale
constructed by combining general education, secondary vocational
education, and tertiary education; —, data not available.



until the value was 4 to 18mmol/1. All the tests were adminis-
tered in a fixed order.

Cognitive measures

1Q was assessed with the Wechsler Intelligence Scale for Chil-
dren — Third Edition.'” The subtests of Vocabulary, Compre-
hension, and Similarities were used to form Verbal 1Q.
Similarly, the subtests of Picture Completion, Block Design,
and Object Assembly constituted Performance IQ.

The other cognitive and academic measures are presented
in Table S1'%! (available online only). The cognitive and aca-
demic skill variables were computed using standardized
z-scores from the individual tasks (standardization was based
on the mean and SD of the comparison group). The speed
measures were transformed so that the high z-scores corre-
sponded to fast performance.

Reading accuracy was composed of the measures of the
accuracy of oral text reading, oral pseudo-word text reading,
and single non-word reading. Reading speed was composed of
the measures of the speed of oral text reading, oral pseudo-
word text reading, single non-word reading, reading rapid
words, and oral word list reading. Spelling accuracy was com-
posed of spelling words and non-words. Mathematics assess-
ment was composed of the five series of measures of the speed
of verbal counting and measures of the accuracy of verbal
counting and arithmetic. Cronbach’s alpha was 0.81 for read-
ing accuracy, 0.92 for reading speed, 0.65 for spelling accu-
racy, and 0.84 for mathematics. To normalize the
distributions of the composite variables, a logarithmic trans-
formation was used for the skewed distributions (reading accu-
racy and mathematics), and extreme values were moved next
to the second lowest value of the distribution of the whole
sample (reading speed and rapid automatized naming).

The time of reading acquisition (grouped as before first
grade, autumn first grade, spring first grade, second grade)
and the occurrence of dyslexia were also used as dependent
variables. The criterion for a diagnosis of dyslexia was perfor-
mance at or below the 10th centile of the comparison group’s
performance in at least three out of the four measures of read-
ing-spelling accuracy (single non-word reading, text reading,
pseudo-word text reading, word and non-word spelling)
or three out of the four measures of reading speed (single
non-word reading, text reading, pseudo-word text reading,

oral word list reading). In additon, children who fell below
the criterion in two of the accuracy and two of the speed
measures were also considered to have dyslexia. The criterion
for dyslexia was strict and similar to that of Hutzler and
Wimmer.*

lliness measures

Data for age at onset of diabetes, metabolic control (latest
HbA,. [glycosylated haemoglobin] measurement and mean
HbA,. level during illness), and history of severe hypogly-
caemia were acquired from the patient records. HbA,. levels
were measured at visits to the clinic on a 3-monthly basis. If
there was a period when measurements were made more often
than once every 3 months, the mean of the measurements dur-
ing that period was counted. Severe hypoglycacmia was
defined as seizures or a remarkably lowered level of conscious-
ness observed by parents or other adults, and was associated
with measured subnormal blood glucose level or with response
to administration of glucagon or intravenous glucose. The ill-
ness variables of the diabetes group are presented in Table I.

Statistical analyses

Group differences in verbal (perception of phonemic length,
non-word repetition, verbal short-term memory, and rapid
automatized naming) and academic (reading accuracy, reading
speed, spelling accuracy, and mathematics) skills were analysed
by multiple analyses of covariance (MANCOVA) and differ-
ences in the performances of individual tasks by ANCOVA.
Mother’s and father’s education were entered as covariates in
the analyses. Cohen’s d (with pooled SD) was used as a mea-
sure of effect size. Group differences in the time of reading
acquisition and the incidence of dyslexia were analysed by Ve
tests.

RESULTS

The diabetes and comparison groups differed in verbal pro-
cesses (Fy125=4.52; p=0.002) and academic skills (F4;,7=5.15;
p=0.001). Mother’s and father’s education were not statistically
significant covariates in the MANCOVAs. The group means
and standard deviations for verbal and academic skills are
presented in Table II. The children with diabetes performed
significantly worse than the comparison children in perception
of phonemic length (Fy 124=12.08; p=0.001), spelling accuracy

Table II: Verbal and academic skills in the diabetes group and comparison group, statistical significance of group differences, and effect sizes

Diabetes group, Comparison group, Effect 95% confidence
mean (SD) mean (SD) F pvalue size interval
Verbal skills
Perception of phonemic length -0.66 (1.18) —0.00(1.01) 12.08 0.001 -0.59 —-0.84t0 -0.31
Non-word repetition 0.13(1.19) 0.06 (0.98) 0.22 0.639 0.06 —-0.19t0 0.35
Verbal short-term memory —-0.25(1.13) 0.07 (0.96) 2.37 0.126 -0.30 —0.54 to -0.02
Rapid automatized naming 0.02 (0.63) 0.05(0.79) 0.09 0.759 -0.04 -0.18t00.18
Academic skills
Reading accuracy 0.05 (0.67) 0.08(0.61) 0.07 0.797 —-0.05 —-0.19t0 0.12
Reading speed 0.02 (0.63) 0.06 (0.71) 0.20 0.659 -0.02 -0.19t0 0.14
Spelling accuracy —0.62 (1.00) 0.00 (0.83) 14.70 <0.001 —-0.66 —0.87 to -0.43
Mathematics -0.30 (0.50) -0.06 (0.66) 5.19 0.024 -0.43 -0.54t0 -0.25
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(F1,130=14.70;  p<0.001), and mathematics (Fy;30=5.19;
=0.024). The effect sizes were moderate for spelling accuracy
(-0.66) and perception of phonemic length (—0.59) and small
for mathematics (-0.43) and short-term memory (=0.30).

Group differences were found in the time of reading acqui-
sition (°(3)=10.85, p=0.013). The children with diabetes
learned to read later than the comparison children. Nine chil-
dren (17.6%) with diabetes and 10 children (10.9%) in the
comparison group fulfilled the dyslexia criteria, but the differ-
ence was not statistically significant [1]=13 1,p=0.253).

DISCUSSION

The aim of the study was to investigate basic verbal and aca-
demic skills in children with early-onset diabetes and in a com-
parison group. In the third grade (at the age of 9-10y), the
children with early-onset diabetes had more difficulties in
phonological processing, spelling, and mathematics. Reading
performance was not affected in the third grade, although the
children with diabetes had learned to read later than the com-
parison children. Further, the incidence of severe reading dis-
ability (i.e. dyslexia) was not significantly higher in the
children with diabetes.

The early onset of diabetes seems to have the strongest
influence on cognitive skills." Basic verbal skills have been
studied less than other cognitive functions, but in this and in
our previous study” problems were found in phonological pro-
cessing in some children with diabetes. Children with early-
onset diabetes have a disadvantage in academic achievement,'
and Dahlquist et al.'® found that the early-onset effect lasts
throughout compulsory education. Because of the greater age
variation in the samples used, previous studies®® have not
been able to assess the developing academic skills. As the pres-
ent children were all at the same level of education, this study
was able to show that early-onset diabetes is associated with
difficulty in processing phonemic length, which results in less
accurate spelling in Finnish and other regular orthographies;'?
it is also closely associated with reading and spelling in irregu-
lar orthographies (e.g. English)."*

In this study, mathematics skill was also compromised in
children with early-onset diabetes. Previous studies®™®"* have
not found evidence of mathematical learning problems, which
is unexpected because mathematical skills involve complex
cognitive processes'* and are, therefore, vulnerable to diffuse
insults to the brain. Among these processes, short-term mem-
ory, attention,"* phonological processing,” and non-verbal
skills*” have been shown to be vulnerable in some children
with diabetes. The processes involved in mathematical skills
warrant further research in children with diabetes.

Ryan”* has proposed that neurodevelopment can be affected
by metabolic changes in diabetes, especially during rapid brain
maturation in young children. Early onset of diabetes has been
associated with structural changes in the brain,”* suggesting
that learning difficulties in children with early-onset diabetes
are associated with brain dysfunction. On the other hand,
learning and school achievement can also be compromised
by school absence and the psychosocial burden of the chronic
illness.

e146  Developmental Medicine & Child Neurology 2010, 52: e143—€147

One purpose of this study was to assess the significance of
learning deficits in children with early-onset diabetes. The
effect sizes for separate academic skills varied from nominal to
moderate in this study. Similarly, in a recent meta-analysis,"
the effect of early-onset diabetes on overall academic achieve-
ment was small to moderate, which can be clinically meaning-
ful at a group level. In this study, there were more children
with dyslexia in the diabetes group than in the comparison
group. However, the difference was not statistically significant,
indicating that the reading and spelling difficulties in children
with diabetes are seldom at the level of dyslexia but rather
within a subclinical range. Children with minor learning diffi-
culties also have lower school achievement and may need sup-
port services at school.”

To our knowledge, the role of familial dyslexia has not been
addressed in previous studies. In this study, 19% of the parents
reported a history of reading and spelling problems. The high
incidence of familial dyslexia in the families with diabetes was
unexpected, but can be explained, in part, by the fact that par-
ents reported minor as well as more serious deficits. The read-
ing skills of the parents in the diabetes group were not
assessed. However, the genetic linkage between diabetes and
dyslexia might also be a topic of research in the future.

Limitations

There were some differences in the early development of the
diabetes and comparison groups, but both groups showed nor-
mal developmental milestones. The differences in when the
developmental data were collected (retrospective in the diabe-
tes group, prospective in the comparison group) may have
influenced the results. Although the early age at onset seems
to have the strongest effect on cognitive development, the role
of diabetes complications can also be relevant. The effect of
disease complications on learning was beyond the scope of this
article, the purpose of which was to explore the mechanism of
learning deficits in children with early onset diabetes. How-
ever, the interactive effects of early onset diabetes and extreme
levels of plasma glucose merit further research.

CONCLUSION

Early-onset diabetes affects the development of verbal and
academic skills. Slower or deficient development continues to
be evident in spelling and mathematics at 9 years of age. It
seems that early-onset diabetes is not related to a higher risk
of dyslexia. However, even minor learning problems may have
an influence on school achievement, motivation, and self-
esteem, and, together with a chronic and difficult to manage
illness, they can affect the quality of life of the child and the
family. It is important, therefore, to discuss learning at the vis-
its to the clinic. The presence of additional risk factors, for
example familial or psychosocial, should also be considered
with each child.
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Table S1. Description of the cognitive and academic tests and tasks.

Domain, Test / Task

Description

Verbal Skills

Perception of phonemic
length

Assesses discrimination of phonemic length (essential in Finnish spelling:
a change in the duration of a phoneme changes the meaning of a word,
e.g. kuka (who) — kukka (flower)). A same-different judgement task,
administered by a computer (Cognitive Workshop program, developed by
the Universities of Dundee and Jyviskyld). The child listens to a pair of
non-words via headphones and has to decide if the second non-word is
similar to the first heard or not. Twelve out of the 22 non-word pairs differ
in phoneme duration (e.g. [simpu] / [simpuu]). Number of correct answers
out of 22 items is used as the measure.

Non-word Repetition
(subtest of the NEPSY'¥)

Assesses phonological processing and repetition of the phonology of non-
words. The child hears each non-word once via headphones and has to
repeat that word immediately. The number of correct repetitions out of 16
items is used as the measure.

Verbal short-term
memory (digit span

The child has to repeat a series of spoken digits of gradually increasing
length, starting with two digits. The number of correctly repeated series is

forward) used as the measure.
Rapid automatized The standard procedure with the subtests of objects and letters (see
naming (the Rapid Denckla and Rudel®®) is used. The child is asked to name a series of visual

Automatized Naming
Test; Finnish version'”).

stimuli as rapidly as possible. Total matrix completion time (seconds) is
used as the measure. The speed of naming is composed of the average
time of the two subtests.

Academic Skills
Reading

Oral text reading

The child reads aloud a text in Finnish comprising four paragraphs with a
total of 189 words. Reading performance is recorded. The number of
words read in one minute (speed measure) and the percentage of correctly
read words (accuracy measure) is counted from the recording.

Oral pseudo-word text
reading

The child reads aloud a short text made up of pseudo-words resembling
real Finnish words but having no meaning (a total of 38 words). Reading
is recorded and the number of words read in one minute is used as the
speed measure and the percentage of correctly read words is used as the
accuracy measure.

Single non-word reading

Two separate sets (3- and 4-syllable non-words) of 10 items are presented
in a fixed order on a computer screen (Cognitive Workshop program).
The task is to read aloud the target item as quickly and accurately as
possible. The number of correctly read non-words is used as the accuracy
measure. Two response time variables (ms.) are extracted: reaction time
(the time between the presentation of the target and initiation of the
child’s vocalisation) and production time (the time taken by the child to




articulate the target). The mean of the response times (reaction time +
production time) is used as the measure of reading speed.

Reading rapidly
presented words

Assesses the level of automatization in word decoding, administered by a
computer (Cognitive Workshop program). Eighteen Finnish words are
presented on a computer screen for 80 ms one at a time after which a
mask of similar length is presented. The task is to read the target word. the
number of correct answers is used as the measure.

Oral word list reading
(in the standardized
reading test of
LukilasseZI)

The child has two minutes to read aloud as many words as possible from a
105-item word list. The standard score is based on the number of correctly
read words.

Spelling

Spelling words and non-
words

The child is asked to write with a pencil 10 Finnish words and 12 four-
syllable non-words presented by a computer via headphones (Cognitive
Workshop program). The sum of correctly spelled words and non-words
is calculated.

Mathematics
Verbal Counting The child is asked to count a series of numbers in a prescribed set (e.g.
even numbers from 2 to 30) as fast as possible. If the child makes a
mistake, he has to correct it in order to continue. The accuracy of the
series as well as the time taken to count is measured.
Arithmetic The child is asked to solve as many basic arithmetic tasks as he can in 5

min. The tasks are presented on a task sheet and the child writes down the
answers with a pencil. The number of correct answers is counted.
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Abstract

Early onset age is associated with cognitive dysfunction in children with type 1
diabetes mellitus (T1DM), but the role of abnormal glucose levels in cognitive
development remains ambiguous. The study aimed at assessing the effects of
diabetes-related risk factors on verbal and academic skills in children with early-
onset TIDM. The study comprised 63 children with TIDM diagnosed before five
years of age and 92 control children without diabetes, aged 9 to 10 years. In the
T1DM group, 37 had experienced severe hypoglycemia (SH+ group) and 26 had
avoided it (SH- group). Severe hypoglycemia (SH), diabetic ketoacidosis (DKA) and
glycemic control (HbA1c) were used as diabetes-related factors. Task performance in
phonological processing, verbal short-term memory, rapid automatized naming,
reading, spelling and mathematics, and the incidence of learning problems were
compared between the SH+, SH- and control groups, and the effects of the diabetes-
related risk factors were analyzed with GLMs. The SH+ and SH- groups showed
poorer performance than controls in phonological processing and spelling accuracy,
and the SH- group poorer performance than controls in mathematics. The SH+ and
SH- groups had a threefold risk for spelling problems compared to controls. SH,
DKA and recent HbAlc were not linearly associated with poorer skills, but poorer
first year glycemic control was associated with poorer spelling accuracy. Conclusion:
Early onset of TIDM can increase the risk for learning problems in early academic
skills, independently of the history of SH or DKA. Early good glycemic control
seems to be associated with favorable cognitive development.

Key words: cognition, academic skills, TIDM, hypoglycemia, glycemic
control, children



Introduction

An association between type 1 diabetes mellitus (T1DM) and cognitive and neural
dysfunction has been demonstrated [24]. However, the mechanism underlying
deficient neurodevelopment remains unclear. Hypotheses have been proposed
concerning the effect of extreme or fluctuating levels of plasma glucose on the brain
metabolism and neural functioning. Northam and Lin [24] and Desrocher and Rovet
[7] have suggested that the timing of the metabolic insult in the child’s development
is an important predictor of the outcome. Generally, earlier brain damage has a
worse cognitive outcome than insults sustained later in childhood [2]. This has also
been shown in children with TIDM: those with earlier onset of the disease have
lower cognitive and academic skills than those with later onset of TIDM or healthy
children [10].

Besides early onset of diabetes, several risk factors, in particular severe
hypoglycemia and prolonged hyperglycemia have been shown to affect cognitive
development. The interaction of early onset-age of TIDM and extreme levels of
plasma glucose at an early age is proposed to have the most detrimental effect on
cognitive development [7, 24, 33]. According to the neurodevelopmental model of
Desrocher and Rovet [7], severe hypoglycemias occurring at different ages may have
different effects on cognitive development, while severe hypoglycemias in early
childhood might in particular be harmful for cognitive development [3]. Ryan [33]
has proposed that hyperglycemia in a young child affects brain structure and
function, thereby rendering the brain more vulnerable to later insults, for example
severe hypoglycemia. Diabetic ketoacidosis (DKA) has been associated with
deficient memory [11, 35] and verbal [35] functions. However, it is debatable,
whether a single episode of DKA can have long-term effects on cognition. Diabetes-
related factors may also have interactive effects [24], and may be different in boys
and girls [9, 11, 34]. However, only a few studies assessing these interactions [11, 29,
34] or synergy [19] have been published so far.

Verbal skills develop during early childhood and have been shown to be at risk for
deficient development in early onset TIDM [13, 34]. Among metabolic
complications, hyperglycemia [27, 29] and history of severe hypoglycemia [3, 14, 16,
19, 25, 31, 32] have been associated with poorer verbal skills. However, conflicting
results have also been found [4], suggesting that the associations between diabetes-
related events and cognition are complicated. Previously, we have demonstrated a
neurocognitive mechanism underlying deficient development of early academic
skills in children with early onset TIDM [13]; children with early onset disease had
poorer skills in phonological perception, which is an important underlying process
in spelling and mathematics. However, a history of severe hypoglycemia [14] has
also been associated with less adequate phonological processing. In addition, TIDM
[14] and severe hypoglycemia [16, 23] has been associated with dysfunctional verbal
short-term memory, which also influences reading and spelling processes [28, 37].
Deficits in basic verbal functions may therefore lead to poorer learning and academic
achievement in children with T1IDM, as previously reported [5]. These same risk



factors - longer duration of diabetes [18], poor metabolic control [16, 21, 26] and a
history of severe hypoglycemia [14, 16, 21] - may also increase the risk for poorer
academic achievement or learning problems.

Prior studies have found that early onset of TIDM and plasma glucose extremes
may influence brain function and cognition; however, it has been difficult to
separate these effects. This study aimed at assessing the interactive effects of early
onset-age and diabetes-related risk factors on verbal and academic skills. The aims of
this study were twofold: first, to compare verbal and academic skills and the
incidence of learning problems of children with early-onset TIDM with and without
a history of severe hypoglycemia with the same skills of healthy controls; and
second, among all the children with early-onset TIDM, to assess the effects of
diabetes-related risk factors (history of severe hypoglycemia, recent and long-term
glycemic control), and particularly the effects of early complications (diabetic
ketoacidosis at onset, poor glycemic control after the 1st year of diabetes and early
severe hypoglycemia), on their verbal and academic skills.



Materials and methods

Subjects

Sixty-three children with T1DM, screened by the pediatric diabetes clinics of four
special care hospitals in Finland, participated in the study. Children with TIDM who
had been diagnosed before five years of age and who were 9 to 10 years of age at the
time of the study were eligible for inclusion. Exclusion criteria were native language
other than Finnish and a diagnosed neurological disorder that affects cognitive
development. The nurse or the doctor of the pediatric diabetes clinic identified
children who fulfilled the criteria and contacted their parents. Seventy-nine children
and their parents were asked to participate in the study. Sixteen refused to
participate. Thus sixty-three (79.7 %) children with TIDM participated in the study.
The children with TIDM were assigned into two groups according to whether or not
they had a history of severe hypoglycemia (SH), as ascertained from their medical
records. Children who had experienced severe hypoglycemia formed the SH+ group
(N=37) and children who had avoided SH formed the SH- group (N=26).

The children forming the control group in the Jyvaskyld Longitudinal Study of
Dyslexia (n=92) were also selected for the control group of this study (for a detailed
description of the control group, see Lyytinen et al. [20]). The children in this group
had neither diabetes nor familial risk for dyslexia. The control children had been
followed from birth in order to study their language development and the predictors
and precursors of dyslexia. Originally, they were drawn from families attending
maternity clinics and screened over four consecutive years.

The children in the three groups were assessed at the same age: in the spring
semester of the 3rd grade or during the following summer. No differences were
observed between the groups in gender, age, parents’ education or IQ (Table 1). The
children in the control group did not have familial risk for dyslexia, as this was an
exclusion criterion for selection into this group. Group differences were therefore
found in familial risk for dyslexia, with 16.2 % of the SH+ group and 23.1 % of the
SH- group having familial risk for dyslexia (y2 (2) = 20.00, p < .001) as reported by
the parent and defined as at least one parent and one other close relative with
dyslexia. Therefore, familial risk for dyslexia was used as a covariate in the statistical
analyses.”

Protocol

At the beginning of the cognitive assessment, the parent signed a written informed
consent and the child gave a verbal assent. The mother filled in a structured
questionnaire on her child’s development, school history, her own and the child’s
father’s education, and familial risk for dyslexia (parents, siblings, close relatives).
The medical history of the children was obtained from the hospital medical records.
The protocol was approved by the Kymenlaakso Hospital District's Ethics
Committee and is in accordance with the Declaration of Helsinki. The cognitive

" The analyses were also made without children with familial risk for dyslexia, and the main
results remained similar.



assessment lasted two hours, with a break after one hour. Before and after the
assessment, the children with TIDM measured their blood glucose (BG) level. The
BG level was required to be between 4 and 18 mmol / | during the assessment. All
the tests were administered in a fixed order.

Cognitive measures

The cognitive measures used have been reported in detail in Hannonen et al. [13]. IQ
was assessed with the subtests of Vocabulary, Comprehension, Similarities, Picture
Completion, Block Design and Object Assembly of the Wechsler Intelligence Scale
for Children - Third Version [38].

Verbal measures: Perception of Phonemic Length (a same-different judgment task of
non-words, administered by a computer via headphones; Cognitive Workshop
program, developed by the Universities of Dundee and Jyvidskyld) assessed
phonological processing. Non-word Repetition, a subtest from the NEPSY [17],
assessed phonological processing and repetition of the phonology of non-words.
Digit span forward assessed verbal short-term memory. The Rapid Automatized
Naming Test (Finnish version) [1] assessed rapid serial naming. Standard procedure
with the subtests of objects and letters [6] was used.

Academic skills: Reading accuracy comprised the measures of the accuracy of oral
text reading, oral pseudo word text reading and single non-word reading. Reading
speed was composed of the measures of the speed of oral text reading, oral pseudo-
word text reading, single non-word reading, reading rapid words and Word List
Reading [15]. Spelling accuracy was composed of spelling words and nonwords.
Mathematics assessment comprised measures of the speed of verbal counting and
measures of the accuracy of verbal counting and arithmetic.

The verbal and academic skill variables were computed using the standardized z-
scores of the individual tasks (standardization was based on the mean and SD of the
control group). The children whose performance was below the 10t percentile of the
control group’s performance in reading speed, reading accuracy, spelling accuracy
or mathematics were considered to have learning problems in that skill.

T1DM-related measures

Data on age at onset of TIDM; diabetic ketoacidosis (DKA; pH < 7.30) at onset of
T1DM; glycemic control during the early stage of diabetes (HbAlc one year after
onset of TIDM), currently (latest HbAlc measurement), and during the disease
(mean HbA1c level during the disease); history of severe hypoglycemia (SH); age at
tirst SH episode; and insulin treatment regimen at the time of the assessment were
obtained from the medical records of the child. This information was recorded
prospectively in the child’s medical records at the visits to the clinic on a 3-monthly
basis. Severe hypoglycemia was defined as seizures or a markedly lowered level of
consciousness, as observed by adults, associated with measured subnormal blood
glucose level or with a response to administration of glucagon or intravenous
glucose. The disease-related variables of the TIDM groups are presented in Table 1.



There were no statistically significant differences in any of the disease measures
(besides SH) between the SH+ and SH- groups.

Statistical analyses

Group differences (SH+, SH- and control group) in verbal skills (perception of
phonemic length, non-word repetition, verbal short-term memory and rapid
automatized naming) and academic skills (reading accuracy, reading speed, spelling
accuracy and mathematics) were analyzed with general linear models (GLM) with
gender, familial risk for dyslexia and parents” education as covariates. Pair-wise post
hoc comparisons of the groups were analyzed by LSD tests. Group differences in the
incidence of learning problems in academic skills were analyzed by x? tests.

To study the effects of TIDM-related factors (diabetic ketoacidosis at onset of TIDM,
glycemic control after the 1st year of T1DM, long-term glycemic control, recent
glycemic control and history of severe hypoglycemia), GLMs were performed with
one disease factor at a time as a predictor and verbal and academic skills as
dependent variables. Gender, familial risk for dyslexia and parents” education were
used as covariates in all GLMs. The association of the age of the first SH and verbal
and academic skills were analyzed with nonparametric correlations.



Results

The SH+, SH- and control groups differed in verbal skills (F (8, 268) = 2.40, p = .016)
and academic skills (F (8, 272) = 3.61, p = .001). In verbal skills, the only difference
was found in the perception of phonemic length (F (2,136) = 5.28, p = .006), in which
the control group outperformed both the SH+ (p = .023) and SH- (p = .004) groups.
In academic skills mean differences were found in spelling accuracy (F (2,138) = 8.12,
p < .001), in which SH+ (p < .001) and SH- (p = .009) performed worse than the
control group, and in mathematics (F (2,138) = 4.00, p = .020), in which SH-
performed worse than the control group (p = .005). No significant differences were
found in the post hoc analyses between the SH+ and SH- groups in any of the skills.
The group means and standard deviations in verbal and academic skills are
presented in Table 2. Familial risk for dyslexia and parents’ education were not
significantly associated with any of the verbal or academic skills. Gender was
significantly associated with verbal skills (F (4, 133) = 2.86, p = .026). Girls performed
better than boys in non-word repetition (F (1, 136) = 8.09, p = .005) and in verbal
short-term memory (F (1, 136) = 5.24, p = .024).

The incidence of spelling problems was 35.1 % in SH+, 38.5 % in SH- and 10.9 % in
the control group (x2 (2) = 14.77, p = .001), and the incidence of mathematical
problems was 18.9 % in SH+, 30.8 % in SH- and 9.8 % in the control group (x2 (2) =
7.26, p = .027). There were no significant group differences in the incidence of
reading problems (reading speed: 8.1 % in SH+, 15.4 % in SH-, 9.9 % in the control
group, and reading accuracy: 10.8 % in SH+, 19.2 % in SH- and 9.8 % in the control

group).

The effects of the TIDM-related risk factors are shown in Table 3 (Verbal skills) and
4 (Academic skills). The disease factors had no significant effect on the verbal skills.
HbA1c one year after diagnosis (HbAlc 1yr) was a significant predictor of academic
skills (F (4, 50) = 3.92, p = .008). Further, lower HbAlc 1 yr predicted better spelling
accuracy (F (1, 53) = 8.85, p = .004). Also, the mean HbAlc during the disease
(HbAlc mean) had a close to significant main effect on academic skills (p = .072),
and a significant effect on spelling accuracy (F (1, 53) = 5.03, p = .029), with lower
mean HbA1c predicting better spelling skills. None of the covariates had significant
effects in the analyses.

In the children with a history of SH, age at the first SH was negatively associated
with performance in mathematics (Spearman’s Rho = -35, p = .032), indicating
worse performance in mathematics in the children whose first SH episode occurred
later in childhood. Age of the first SH was not associated with the performance in
verbal skills, reading or spelling.



Discussion

The aim of this study was to assess the effects of diabetes-related risk factors on
verbal and academic skills in children with early-onset TIDM. This study shows that
early-onset TIDM can increase the risk for deficient academic skills, independently
of the history of severe hypoglycemia. In most of the previous studies, the effects of
these two risk factors have not been separated. The effect of early age of onset on
cognition has been acknowledged earlier [10]. In this study, the children with early-
onset TIDM had poorer performance than the healthy children only in a few skills -
phonological perception and spelling. These skills are highly correlated both
theoretically [28, 37] as well as statistically (r = .296, p < .001). In addition, the
incidence of spelling difficulties in the children with early onset TIDM was more
than triple the incidence in the control children indicating the clinical significance of
this finding. Although most children with TIDM do not have concerns regarding
academic achievement [21], poorer verbal and academic skills can have long-term
effects on the school achievement and future possibilities of some children with
T1DM, as also reported in previous studies [5, 25]. In this study, as also previously
reported by Schoenle et al. [34], gender differences were found in the verbal skills
among the children with TIDM. Boys diagnosed at a young age seem to be more
vulnerable to verbal deficits than girls.

Among children with early-onset T1DM, history of severe hypoglycemia did not
have an effect on verbal or academic skills. No significant differences in any of the
verbal and academic skills between the children with and without a history of severe
hypoglycemia were found. In mathematics, however, only the children who had
avoided severe hypoglycemia were significantly poorer than the healthy control
children. Similarly, Schoenle et al. [34], Patifio-Fernandez et al. [27], Wysocki et al.
[39], and Strudwick et al. [36] have not found effects of severe hypoglycemia on
cognitive function, and in a meta-analysis [10] severe hypoglycemia had nominal to
small effect on cognition. Some studies have found an association between verbal
problems and severe hypoglycemia [14, 22], but it was not possible to differentiate
this association from the effect of early disease onset. However, recent reports on a
large follow-up study describe an association between severe hypoglycemia and
lower verbal intelligence [25] and verbal skills [19], which indicates that avoiding
severe hypoglycemias is warranted. In our study, with a relatively small sample size,
the effect size would have needed to be large in order to yield significant group
differences. Therefore, the effect of severe hypoglycemia was not detected; however,
smaller effects on cognition cannot be ruled out. Besides, the children in this study
were young, 9 to 10 years old, and the effects of severe hypoglycemia may become
apparent at an older age [3].

Poor glycemic control after the first year of disease was the only disease-related risk
factor, which seemed to have an effect on spelling. This indicates the importance of
good metabolic control on cognitive development. A negative association between
high plasma glucose values, especially prolonged hyperglycemia, and verbal [27, 29,
34] and academic [21, 26] skills has been reported earlier in some, but not all studies



[19, 22]. The timing of poor glycemic control can influence the results. In this study,
the effect of recent metabolic control was not detected. According to Ryan [33],
hyperglycemia in the early years of development can initiate a chain of adverse
functional and structural changes in the brain. This study provides some support for
Ryan’s hypothesis. Other early metabolic complications, e.g. ketoacidosis at the
disease onset or early severe hypoglycemia did not influence cognitive skills. The
association between severe hypoglycemia at a later age and poorer performance in
mathematics supports the hypothesis that severe hypoglycemia can disturb
currently developing skills. DKA has been studied very little in association of
cognitive skills, but recently an association with cognitive and memory problems
have been reported [11, 35]. The effect of DKA on cognitive development warrants
further research.

Both early-onset TIDM and extreme plasma glucose values can adversely affect
brain structure and function. Ferguson et al [8] reported larger lateral ventricles in
people with early-onset TIDM than in people with later onset of diabetes. Perantie et
al. [30] found diffuse changes in regional brain volumes in youth with T1IDM
differentially associated with either severe hypoglycemia or hyperglycemia.
Northam et al. [25] also described several changes in the brain metabolism and
structure associated with T1IDM, severe hypoglycemia and hyperglycemia, and the
frontal and temporal lobes seem to be especially vulnerable [25, 30]. These brain
areas are also involved in verbal processes. In children with early-onset T1DM,
disturbances in the brain metabolism owing to frequent events of hyper- and
hypoglycemia cannot be avoided. Therefore, it seems likely that the interactive
effects of young age at diagnosis of TIDM and the continuous metabolic changes
occurring during the rapid period of brain development influence brain function.

The effects of diabetes-related factors on cognition might not be comprehensively
measured by the current methodological solutions, because it is methodologically
difficult to separate individual metabolic events from each other. Therefore, the
interactive effects of hypo- and hyperglycemia and their timing in the developing
brain need further research. Also fluctuations in plasma glucose cause
methodological difficulties in measuring the effects of metabolic complications.
Moreover, fluctuating blood glucose values may also cause acute disruptions in
learning at school [12], which in turn may affect the development of academic skills.

Development of verbal and academic skills has a strong genetic involvement [20].
Because children with familial risk for dyslexia were present only in the T1IDM
groups genetic risk for dyslexia could have influenced the results. However, when
the analyses were conducted without the children with familial risk for dyslexia, the
significance of the group differences remained the same except in mathematics,
where the significance of the group differences changed to .053. Therefore, the
results could not be attributed to familial but rather to the unique effects of early
onset of the disease.
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Since this study involved only children with TIDM diagnosed under the age of five,
these findings cannot be generalized to children with later onset TIDM. However,
with this design, it was possible to separate the effects of early age of onset and
metabolic complications, which has been problematic in some other studies.
Metabolic complications in children with later onset TIDM may nevertheless cause
difficulties in cognitive development [10].

In conclusion, early-onset T1DM affects the development of phonological
processing, spelling and mathematics in the early school years. Poor metabolic
control in the first year of disease has an effect on spelling accuracy. Episodes of
severe hypoglycemia do not seem to influence academic skills directly; however,
good metabolic balance should remain a target.
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Tablel. Demographic and diabetes-related characteristics across the severe
hypoglycemia group (SH+), no severe hypoglycemia group (SH-) and control group.

T1DM groups control group
SH+ group SH- group

n 37 26 92
Female / Male, n 21/16 10/16 40/52
Age, mean (SD) 9.89 (0.30) 9.84 (0.33) 9.79 (0.28)
Mother’s education,® mean (SD) 4.36 (1.38) 4.24 (1.20) 4.66 (1.39)
Father’s education, mean (SD) 3.80 (1.32) 3.40 (1.56) 3.99 (1.34)
Verbal IQ, mean (SD) 99.62 (14.07) 98.31 (19.88) 102.03 (14.69)
Performance IQ, mean (SD) 100.65 (20.24) 96.85 (19.10) 101.56 (15.67)
Full Scale IQ, mean (SD) 99.62 (14.64) 97.42 (18.18) 101.30 (12.38)
Age at onset of T1IDM, mean (SD) 2.72 (1.27) 3.24 (1.21) -
Ketoacidosis at onset (%) 29.7 29.2 -
HbA1c after 1 yr of illness (%) 8.01 (0.94) 8.00 (0.82) -
Mean HbAlc (%) 8.21 (0.67) 8.21 (0.64) -
Latest HbAlc (%) 8.31 (0.80) 8.23 (0.63) -
Age at the first severe
hypoglycemia, mean (SD) 4.67 (2.19) - -
Insulin treatment regimen (%):
Two daily injections 2.7 0.0 -
Three daily injections 16.2 231 -
Basal-bolus treatment 64.9 57.7 -
Insulin pump 16.2 19.2 -

a  Parents’ education was classified using a seven-point scale constructed by
combining general education, secondary vocational education, and tertiary

education.
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Table 2. Academic and verbal skills in the SH+ group, SH- group and control group.

SH+ SH- group control
group group
mean (SD) mean (SD) mean (SD) F p- N Significant
n=352 n=252 n=83a value differences
Verbal skills 2.40 .016 .07
Perception of -0.59 (1.27) -0.87(1.45) -0.00(1.01) 5.28 .006 .07  SH+<C*
phonemic SH- < C**
length
Non-word -0.03 (0.88) 0.16 (1.57)  0.06 (0.98)  0.64 531 .01
repetition
Verbal short- -0.08 (1.18) -0.51(1.20) 0.07 (0.96)  2.26 .108 .03
term memory
Rapid -0.04 (0.61) -0.04 (0.90) 0.05(0.79) 0.11 .895 .00
automatized
naming
Academic Skills 3.61 .001 .10
Reading 0.09 (0.68) -0.05(0.74) 0.08 (0.61)  0.27 761 .00
accuracy
Reading speed  -0.04 (0.61) 0.01 (0.76) 0.06 (0.71)  0.26 773 .00
Spelling -0.67 (0.95) -0.59(1.06) 0.00(0.83) 812 <.001 .11 SH+ <
accuracy C*
SH- < C**
Mathematics -0.20 (0.49) -0.49(0.59) -0.06 (0.66)  4.00 .020 .06  SH-<(C**

agroup sizes were reduced due to missing data in some children.

2
v = Effect Size

*p <.05, % p < .01, ** p < 001
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Table 3. The effects of diabetes-related factors on verbal skills.

Perception of Rapid
Verbal Skills, Non-word Verbal short-
phonemic automatized
All repetition term memory
length naming
F p o F p m F p m F p w F p u
DKA 087 488 .07 007 .789 .00 031 583 .01 078 383 .02 241 .126 .04
HbAlc 224 078 15 285 .097 .05 144 235 .03 0.00 954 .00 293 .093 .05
lyr
mean 232 .069 .16 385 .055 .07 226 .139 .04 034 565 .01 143 .238 .03
HbAlc
latest 1.06 .386 .08 1.74 193 .03 0.02 .895 .00 058 .451 .01 126 .267 .02
HbA1lc

SH 128 292 .09 0.60 .441 .01 1.09 300 .02 091 .345 .02 0.12 .726 .00

DKA = diabetic ketoacidosis, HbAlc 1yr = HbAlc 1 year after diagnosis, mean
HbAlc = HbAlc mean during the disease, latest HbAlc = the most recent HbAlc,

SH = history of severe hypoglycemia,

2
v = Effect Size
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adjustment of six-year-old children to day-
care-centres. 224 p. Summary 9 p. 1990.
Sarovita, Tivo, Adaptive behaviour of
institutionalized mentally retarded persons. -
Laitoksessa asuvien kehitysvammaisten
adaptiivinen kédyttaytyminen. 167 p.
Tiivistelmd 4 p. 1990.

ParoneN, Kart et SuBra, LEENA (Eds.), Jean-Paul
Sartre - un philosophe du politique. - Jean-
Paul Sartre - poliittisuuden filosofi. 107 p.
Tiivistelma 2 p. 1990.

Smivuo, JunaNy, Kuormitus ja voimavarat
upseerin uralla. - Work load and resources in
the career of officers. 373 p. Summary 4 p. 1990.
PoLxki, PIRjo, Self-concept and social skills of
school beginners. Summary and discussion. -
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Koulutulokkaiden minékasitys ja sosiaaliset
taidot. 100 p. Tiivistelma 6 p. 1990.

HUTTUNEN, Jouko, Isdn merkitys pojan sosiaali-
selle sukupuolelle. - Father’s impact on son’s
gender role identity. 246 p. Summary 9 p.1990.
AnoNeN, Tivo, Lasten motoriset koordinaatio-
héiriot. Kehitysneuropsykologinen seuranta-
tutkimus. - Developmental coordination
disorders in children. A developmental neuro-
psychological follow-up study. 188 p.
Summary 9 p. 1990.

Murto, Kari, Towards the well functioning
community. The development of Anton
Makarenko and Maxwell Jones’ communities.
- Kohti toimivaa yhteiséd. Anton Makarenkon
ja Maxwell Jonesin yhteistjen kehitys. 270 p.
Tiivistelma 5 p. Cp2°<, 5 c. 1991.

SEIKKULA, JAAKKO, Perheen ja sairaalan raja-
systeemi potilaan sosiaalisessa verkostossa. -
The family-hospital boundary system in the
social network. 285 p. Summary 6 p. 1991.
ALANEN, ILkKA, Miten teoretisoida maa-talou-
den pientuotantoa. - On the conceptualization
of petty production in agriculture. 360 p.
Summary 9 p. 1991.

NiemELA, EINo, Harjaantumisoppilas perus-
koulun liikuntakasvatuksessa. - The trainable
mentally retarded pupil in comprehensive
school physical education. 210 p. Summary

7 p. 1991

KariLa, IRMA, Lapsivuodeajan psyykkisten
vaikeuksien ennakointi. Kognitiivinen malli. -
Prediction of mental distress during puer-
perium. A cognitive model. 248 p. Summary

8 p. 1991.

HaapasaLO, JaaNa, Psychopathy as a
descriptive construct of personality among
offenders. - Psykopatia rikoksentekijoiden
persoonallisuutta kuvaavana konstruktiona.
73 p. Tiivistelmd 3 p. 1992.

ARNKIL, ERIK, Sosiaalityon rajasysteemit ja
kehitysvyohyke. - The systems of boundary
and the developmental zone of social work. 65
p.- Summary 4 p. 1992.

Nikk1, Maga-Lisa, Suomalaisen koulutusjérjes-
telmén kielikoulutus ja sen relevanssi. OsaII. -
Foreign language education in the Finnish
educational system and its relevance. Part 2.
204 p. Summary 5 p. 1992.

Nikk1, Maga-Lusa, The implementation of the
Finnish national plan for foreign language
teaching. - Valtakunnallisen kielenopetuksen
yleissuunnitelman toimeenpano. 52 p.
Yhteenveto 2 p. 1992.

VaskiLamrl, TuuLa, Vaihtoehtoinen terveyden-
huolto hyvinvointivaltion terveysmarkki-
noilla. - Alternative medicine on the health
market of welfare state. 120 p. Summary 8 p.
1992.

Laakso, Kirsti, Kouluvaikeuksien ennustami-
nen. Kéyttaytymishdiriot ja kielelliset vaikeu-
det peruskoulun alku- ja paddttovaiheessa. -
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Prediction of difficulties in school. 145 p.
Summary 4 p. 1992.

SUUTARINEN, SAKARI, Herbartilainen pedagogi-
nen uudistus Suomen kansakoulussa vuosisa-
dan alussa (1900-1935). - Die Herbart'sche
péadagogische Reform in den finnischen
Volksschulen zu Beginn dieses Jahrhunderts
(1900-1935). 273 p. Zusammenfassung 5 S. 1992.
ArrtoLa, Tapio, Uuden opiskelijatyypin synty.
Opiskelijoiden elaménvaiheet ja tieteenala-
spesifien habitusten muovautuminen 1980-
luvun yliopistossa. - Origins of the new student
type. 162 p. Summary 4 p.1992

KorHoNEeN, Pekka, The origin of the idea of the
Pacific free trade area. - Tyynenmeren vapaa-
kauppa-alueen idean muotoutuminen. -
Taiheiyoo jiyuu booeki chi-iki koosoo no seisei.
220 p. Yhteenveto 3 p. Yooyaku 2 p. 1992.
KERANEN, JYRKI, Avohoitoon ja sairaalahoitoon
valikoituminen perhekeskeisessa psykiatrises-
sa hoitojdrjestelmassa. - The choice between
outpatient and inpatient treatment in a family
centred psychiatric treatment system. 194 p.
Summary 6 p. 1992.

WAHLSTROM, JARL, Merkitysten muodostuminen
jamuuttuminen perheterapeuttisessa keskus-
telussa. Diskurssianalyyttinen tutkimus. -
Semantic change in family therapy. 195 p.
Summary 5 p. 1992.

RaneeM, KoLawoLE, Problems of social security
and development in a developing country. A
study of the indigenous systems and the
colonial influence on the conventional
schemes in Nigeria. - Sosiaaliturvan ja kehi-
tyksen ongelmia kehitysmaassa. 272 p.
Yhteenveto 3 p. 1993.

LaINE, Tivo, Aistisuus, kehollisuus ja dialo-
gisuus. Ludwig Feuerbachin filosofian lahto-
kohtia ja niiden kehitysnakymia 1900-luvun
antropologisesti suuntautuneessa fenomeno-
logiassa. - Sensuousnes, bodiliness and
dialogue. Basic principles in Ludwig Feuer-
bach’s philosophy and their development in
the anthropologically oriented phenom-
enology of the 1900’s. 151 p. Zusammen-
fassung 5 S. 1993.

PeNTTONEN, MARKKU, Classically conditioned
lateralized head movements and bilaterally
recorded cingulate cortex responses in cats. -
Klassisesti ehdollistetut sivuttaiset paanliik-
keetja molemminpuoliset aivojen pihtipoimun
vasteet kissalla. 74 p. Yhteenveto 3 p. 1993.
Koro, Jukka, Aikuinen oman oppimisensa
ohjaajana. Itseohjautuvuus, sen kehittyminen
ja yhteys opetustuloksiin kasvatustieteen
avoimen korkeakouluopetuksen monimuoto-
kokeilussa. - Adults as managers of their own
learning. Self-directiveness, its development
and connection with the gognitive learning
results of an experiment on distance education
for the teaching of educational science. 238 p.
Summary 7 p. 1993.

LAHiaLA-KANKAINEN, SIRKKA, Formaalinen ja
funktionaalinen traditio kieltenopetuksessa.

100

101
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103
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105
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107

108

109
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112

Kieltenopetuksen oppihistoriallinen tausta
antiikista valistukseen. - Formal and
functional traditions in language teaching.
The theory -historical background of language
teaching from the classical period to the age of
reason. 288 p. Summary 6 p. 1993.

MAKINEN, TERTTU, Yksilon varhaiskehitys
koulunkéynnin perustana. - Early
development as a foundation for school
achievement. 273 p. Summary 16 p. 1993.
KotkAVIRTA, Jussl, Practical philosophy and
modernity. A study on the formation of
Hegel's thought. - Kdytannoéllinen filosofia ja
modernisuus. Tutkielma Hegelin ajattelun
muotoutumisesta. 238 p. Zusammenfassung
3S. Yhteenveto 3 p. 1993.

E1seNHARDT, PETER L., PALONEN, KARI, SUBRA,
LEENA, ZIMMERMANN RAINER E.(Eds.), Modern
concepts of existentialism. Essays on Sartrean
problems in philosophy, political theory and
aesthetics. 168 p. Tiivistelma 2 p. 1993.
KERANEN, MARJA, Modern political science and
gender. A debate between the deaf and the
mute. - Moderni valtio-oppi ja nainen.
Mykkien ja kuurojen vélinen keskustelu.

252 p. Tiivistelma 4 p. 1993.

MartiKaINEN, TuuLa, Tyo6taitojenkehittyminen
erityisammattikouluvaiheen aikana. -
Development of working skills in special
vocational school. 205 p. Summary 4 p. 1994.
PIHLAJARINNE, MARJA-LEENA, Nuoren sairastumi-
nen skitsofreeniseen hiirioon. Perheterapeut-
tinen tarkastelutapa. - The onset of
schizophrenic disorder at young age. Family
therapeutic study. 174 p. Summary 5 p. 1994.
KuusINeN, Kirsti-Liisa, Psyykkinen itseséétely
itsehoidon perustana. Itsehoito I-tyypin
diabetesta sairastavilla aikuisilla. - Self-care
based on self-regulation. Self-care in adult
type I diabetics. 260 p. Summary 17 p. 1994.
MENGISTU, LEGESSE GEBRESELLASSIE,
Psychological classification of students with
and without handicaps. A tests of Holland’s
theory in Ethiopia. 209 p. 1994.

LESKINEN, MARKKU (ED.), Family in focus. New
perspectives on early childhood special
education. 158 p. 1994.

LEsKINEN, MARKKU, Parents’ causal attributions
and adjustment to their child’s disability. -
Vanhempien syytulkinnat ja sopeutuminen
lapsensa vammaisuuteen. 104 p. Tiivistelma
1p.1994.

MartHiEs, AlLA-LEENA, Epévirallisen sektorin ja
hyvinvointivaltion suhteiden modernisoitu-
minen. - The informal sector and the welfare
state. Contemporary relationships. 63 p.
Summary 12 p. 1994.

ArrroLa, HELENA, Tutkimustyon ohjaus ja
ohjaussuhteet tieteellisessa jatkokoulutuk-
sessa. - Mentoring in postgraduate education.
285 p. Summary 5 p. 1995.

LiNDEN, MIRjA, Muuttuva syovian kuva ja
kokeminen. Potilaiden ja ammattilaisten tul-
kintoja. - The changing image and experience
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of cancer. Accounts given by patients and
professionals. 234 p. Summary 5 p. 1995.
VALIMAA, Jusst, Higher education cultural
approach. - Korkeakoulututkimuksen
kulttuurindkskulma. 94 p. Yhteenveto 5 p.
1995.

Karpio, KaLevy, Yhteisollisyys kasvatuksessa.
yhteisokasvatuksen teoreettinen analyysi ja
kaytintoon soveltaminen. - The community as
an educator. Theoretical analysis and practice
of community education. 250 p. Summary 3 p.
1995.

HANNIKAINEN, MARITTA, Nukesta vauvaksi ja
lapsesta ladkariksi. Roolileikkiin siirtymisen
tarkastelua piagetilaisesta ja kulttuurihistori-
allisen toiminnan teorian nidkokulmasta. 73 p.
Summary 6 p.1995.

IkoNEN, Ova. Adaptiivinen opetus. Oppimis-
tutkimus harjaantumiskoulun opetussuunni-
telma- ja seurantajérjestelman kehittamisen
tukena. - The adaptive teaching. 90 p.
Summary 5 p. 1995.

Suutama, TiMo, Coping with life events in old
age. - Elamédn muutos- ja ongelmatilanteiden
kasittely idkkailld ihmisilla. 110 p. Yhteenveto
3 p. 1995.

DerseH, TiBEBU BOGALE, Meanings Attached to
Disability, Attitudes towards Disabled People,
and Attitudes towards Integration. 150 p.
1995.

SAHLBERG, Pasl, Kuka auttaisi opettajaa. Post-
moderni nikokulma opetuksen muu-tokseen
yhden kehittdmisprojektin valossa. - Who
would help a teacher. A post-modern
perspective on change in teaching in light of

a school improvement project. 255 p. Summary
4 p. 199.

UHnNKI, AlLo, Distress of unemployed job-
seekers described by the Zulliger Test using
the Comprehensive System. - Tyottémien
hensive Systemin mukaisesti kaytetyilld
Zulligerin testilld. 61 p. Yhteenveto 3p. 1996.
ANTIKAINEN, Risto, Clinical course, outcome
and follow-up of inpatients with borderline
level disorders. - Rajatilapotilaiden osasto-
hoidon tuloksellisuus kolmen vuoden
seurantatutkimuksessa Kys:n psykiatrian
klinikassa. 102 p. Yhteenveto 4 p. 1996.
Ruusuvirta, TiMo, Brain responses to pitch
changes in an acoustic environment in cats
and rabbits. - Aivovasteet kuulodrsykemuu-
toksiin kissoilla ja kaneilla. 45 p. Yhteenveto 2
p. 1996.

VisT1, ANNALISA, TyOyhteison ja tyon tuotta-
vuuden kehitys organisaation transformaa-
tiossa. - Dovelopment of the work communi-ty
and changes in the productivity of work
during an organizational transformation
process. 201 p. Summary 12 p. 1996.

SALLINEN, MIKAEL, Event-ralated brain
potentials to changes in the acustic environ-
ment buring sleep and sleepiness. - Aivojen
heritevasteet muutoksiin kuuloarsykesar-
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130
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134

jassa unen ja uneliaisuuden aikana. 104 p.
Yhteenveto 3 p. 1997.

LamMINMAKI, Tuya, Efficasy of a multi-faceted
treatment for children with learning
difficulties. - Oppimisvaikeuksien neuro-
kognitiivisen ryhméakuntoutuksen tuloksel-
lisuus ja sithen vaikuttavia tekijoitd. 56 p.
Yhteenveto 2 p. 1997.

LUTTINEN, JAANA, Fragmentoituva kulttuuripoli-
tiikka. Paikallisen kulttuuripolitiikan tulkinta-
kehykset Yld-Savossa. - Fragmenting-cultural
policy. The interpretative frames of local
cultural politics in Yl4-Savo. 178 p. Summary
9 p.1997.

MARTTUNEN, MIIKa, Studying argumentation in
higher education by electronic mail. -
Argumentointia yliopisto-opinnoissa sahko-
postilla. 60 p. (164 p.) Yhteenveto 3 p. 1997.
JaakkoLa, HanNa, Kielitieto kielitaitoon pyritta-
essd. Vieraiden kielten opettajien kasityksia
kieliopin oppimisesta ja opetta-misesta. -
Language knowledge and language ability.
Teachers” conceptions of the role of grammar
in foreign language learning and teaching.
227 p. Summary 7 p. 1997.

SuBRA, LEENA, A portrait of the political agent
in Jean-Paul Sartre. Views on playing, acting,
temporality and subjectivity. - Poliittisen
toimijan muotokuva Jean-Paul Sartrella.
Nékymid pelaamiseen, toimintaan,
ajallisuuteen ja subjektiivisuuteen. 248 p.
Yhteenveto 2 p. 1997.

Haarakancas, Kauko, Hoitokokouksen dénet.
Dialoginen analyysi perhekeskeisen psykiatri-
sen hoitoprosessin hoitokokous-keskusteluis-
ta tyéryhman toiminnan ndakokulmasta. - The
voices in treatment meeting. A dialogical
analysis of the treatment meeting
conversations in family-centred psychiatric
treatment process in regard to the team
activity. 136 p. Summary 8 p. 1997.
MatiNHEIKKI-KokKO, Karja, Challenges of
working in a cross-cultural environment.
Principles and practice of refugee settlement in
Finland. - Kulttuurienvilisen tyon haasteet.
Periaatteet ja kdytantd maahanmuuttajien
hyvinvoinnin turvaamiseksi Suomessa. 130 p.
Yhteenveto 3 p. 1997.

Kiviniemr, Kari, Opettajuuden oppimisesta
harjoittelun harhautuksiin. Aikuisopiskeli-
joiden kokemuksia opetusharjoittelusta ja sen
ohjauksesta luokanopettajakoulutuksessa. -
From the learning of teacherhood to the
fabrications of practice. Adult students” ex-
periences of teaching practice and its super-
vision in class teacher education. 267 p.
Summary 8 p. 1997.

KantoLa, Jouko, Cygnaeuksen jaljilld késityon-
opetuksesta teknologiseen kasvatukseen. - In
the footsteps of Cygnaeus. From handicraft
teaching to technological education. 211 p.
Summary 7 p. 1997.

KAARTINEN, Jukka, Nocturnal body movements
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and sleep quality. - Yolliset kehon liikkeet ja
unen laatu. 85 p. Yhteenveto 3 p. 1997.
MusToNEN, ANU, Media violence and its
audience. - Mediavikivalta ja sen yleiso. 44 p.
(131 p.). Yhteenveto 2 p. 1997.

PERTTULA, JuHA, The experienced life-fabrics of
young men. - Nuorten miesten koettu
elamankudelma. 218 p. Yhteenveto 3 p. 1998.
TikkANEN, TARjA, Learning and education of
older workers. Lifelong learning at the margin.
- Ikdantyvian tyovéeston oppiminen ja koulu-
tus. Elinikdisen oppimisen marginaalissa.

83 p. (154 p.). Yhteenveto 6 p. 1998.

LEINONEN, MARKKU, Johannes Gezelius van-
hempi luonnonmukaisen pedagogiikan
soveltajana. Comeniuslainen tulkinta. -
Johannes Gezelius the elder as implementer of
natural padagogy. A Comenian interpretation.
237 p. Summary 7 p. 1998.

Katvio, EEva, Training of students” scientific
reasoning skills. - Korkeakouluopiskelijoiden
tieteellisen ajattelun kehittaminen. 90 p.
Yhteenveto 1 p. 1998.

NiemI-VAKEVAINEN, LEENA, Koulutusjaksot ja
elaménpolitiikka. Kouluttautuminen yksil6l-
listymisen ja yhteisollisyyden risteysasemana.
- Sequences of vocational education as life
politics. Perspectives of invidualization and
communality. 210 p. Summary 6 p. 1998.
Parikka, MaTT1, Teknologiakompetenssi.
Teknologiakasvatuksen uudistamishaasteita
peruskoulussa ja lukiossa. - Technological
competence. Challenges of reforming techno-
logy education in the Finnish comprehensive
and upper secondary school. 207 p. Summary
13 p. 1998.

T A OPETTAJAN APUNA - EDUCATIONAL T A FOR
TEACHER. Professori Pirkko Liikaselle omistettu
juhlakirja. 207 p. Tiivistelméa - Abstract 14 p.
1998.

YLONEN, HiLkka, Taikahattu ja hopeakengit -
sadun maailmaa. Lapsi pédivikodissa sadun
kuulijana, nékijané ja kokijana. - The world of
the colden cap and silver shoes. How kinder
garten children listen to, view, and experience
fairy tales. 189 p. Summary 8 p. 1998.
MorLANEN, PentT, Opettajan toiminnan perus-
teiden tulkinta ja tulkinnan totuudellisuuden
arviointi. - Interpreting reasons for teachers’
action and the verifying the interpretations.
226 p. Summary 3p. 1998.

Vaurio, LENa, Lexical inferencing in reading
in english on the secondary level. - Sana-
péittely englanninkielisté tekstid luettaessa
lukioasteella. 147 p. Yhteenveto 3 p. 1998.
EtELAPELTO, ANNELL The development of
expertise in information systems design. -
Asiantuntijuuden kehittyminen tietojarjestel-
mien suunnittelussa. 132 p. (221p.).
Yhteenveto 12 p. 1998.

PIRHONEN, ANTTI, Redundancy as a criterion for
multimodal user-interfaces. - Kasitteistd luo
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ndkokulman kayttoliittymaanalyysiin. 141 p.
Yhteenveto 3 p. 1998.

RONKA, ANNA, The accumulation of problems of
social functioning: outer, inner, and
behavioral strands. - Sosiaalinen selviytymi-
nen lapsuudesta aikuisuuteen: ongelmien
kasautumisen kolme viylda. 44 p. (129 p.)
Yhteenveto 3 p. 1999.

NAUKKARINEN, AMO, Tasapainoilua kurinalai-
suuden ja tarkoituksenmukaisuuden vililla.
Oppilaiden ei-toivottuun kdyttaytymiseen
liittyvan ongelmanratkaisun kehittdminen
yhden peruskoulun yldasteen tarkastelun
pohjalta. - Balancing rigor and relevance.
Developing problem-solving associated with
students’ challenging behavior in the light of a
study of an upper comprehensive school.

296 p. Summary 5 p. 1999.

Horma, Juna, The search for a narrative.
Investigating acute psychosis and the need-
adapted treatment model from the narrative
viewpoint. - Narratiivinen lahestymistapa
akuuttiin psykoosiin ja tarpeenmukaisen
hoidon malliin. 52 p. (105 p.) Yhteenveto 3 p. 1999.
LEepPANEN, Paavo H.T., Brain responses to
changes in tone and speech stimuli in infants
with and without a risk for familial dyslexia. -
Aivovasteet d4dni- ja puhedrsykkeiden muu-
toksiin vauvoilla, joilla on riski suvussa esiin-
tyvdan dysleksiaan ja vauvoilla ilman tita
riskid. 100 p. (197 p.) Yhteenveto 4 p. 1999.
SuoMALA, JYRKI, Students” problem solving

in the LEGO/ Logo learning environment. -
Oppilaiden ongelmanratkaisu LEGO/Logo
oppimisymparistossa. 146 p. Yhteenveto 3 p.
1999.

HuttuNeN, Rauno, Opettamisen filosofia ja
kritiikki. - Philosophy, teaching, and critique.
Towards a critical theory of the philosophy of
education. 201 p. Summary 3p. 1999.
Karexivi, LEENA, Ehka en kokeilisikaan, jos ...
Tutkimus ylivieskalaisten nuorten tupakoin-
nista ja pédihteidenkéytostd ja niihin liittyvasta
terveyskasvatuksesta vuosina 1989-1998. -
Maybe I wouldn’teven experimentif .... A
study on youth smoking and use of intoxi-
cants in Ylivieska and related health educat-
ion in 1989-1998. 256 p. Summary 4 p. 1999.
Laakso, MaRja-LEENA, Prelinguistic skills and
early interactional context as predictors of
children’s language development. - Esi-
kielellinen kommunikaatio ja sen vuorovaiku-
tuksellinen konteksti lapsen kielen kehityksen
ennustajana. 127 p. Yhteenveto 2 p. 1999.
MAUNO, SATJA, Job insecurity as a psycho-social
job stressor in the context of the work-family
interface. - Tyon epavarmuus tyon psyko-
sosiaalisena stressitekijana tyon ja perheen
vuorovaikutuksen kontekstissa. 59 p. (147 p.)
Yhteenveto 3 p. 1999.

MZAEensivu Kirstl, Opettaja méérittelijang,
oppilas maariteltdvana. Sanallisen oppilaan
arvioinnin siséllon analyysi. - The teacher as
a determiner - the pupil to be determined -
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content analysis of the written school reports.
215 p. Summary 5 p. 1999.

FeLDT, TARU, Sense of coherence. Structure,
stability and health promoting role in working
life. - Koherenssin rakenne, pysyvyys ja
terveyttd edistiava merkitys tyoelaméssa. 60 p.
(150 p.) Yhteenveto 5 p. 2000.

MAnTy, TARjA, Ammatillisista erityisoppilaitok-
sista elaméaan. - Life after vocational special
education. 235 p. Summary 3 p. 2000.

SaRrjA, ANNELL Dialogioppiminen pienryhmaés-
séd. Opettajaksi opiskelevien harjoitteluproses-
si terveydenhuollon opettajankoulutuksessa. -
Dialogic learning in a small group. The
process of student teachers” teaching practice
during health care education. 165 p. Summary
7 p. 2000.

JARVINEN, ANITTA, Taitajat idnikuiset. - Kotkan
ammattilukiosta valmiuksia elamaan, tycela-
maéan ja jatko-opintoihin. - Age-old
craftmasters -Kotka vocational senior
secondary school - giving skills for life, work
and further studies. 224 p. Summary 2 p. 2000.
KonTio, Marja-Lisa, Laitoksessa asuvan
kehitysvammaisen vanhuksen haastava
kéyttdytyminen ja hoitajan kédyttdmid vaiku-
tuskeinoja. - Challenging behaviour of
institutionalized mentally retarded elderly
people and measures taken by nurses to
control it. 175 p. Summary 3 p. 2000.
KILPELAINEN, ARjA, Naiset paikkaansa etsimas-
séd. Aikuiskoulutus naisen elaménkulun
rakentajana. - Adult education as determinant
of woman'’s life-course. 155 p. Summary 6 p.
2000.

Rutesuo, ANNIKKI, A preterm child grows.
Focus on speech and language during the
first two years. - Keskonen kasvaa: puheen

ja kielen kehitys kahtena ensimmadisend elin-
vuotena. 119 p. Tiivistelmé 2 p. 2000.
TAURIAINEN, LEENA, Kohti yhteisté laatua. -
Henkilokunnan, vanhempien ja lasten laatu-
kasitykset pédiviakodin integroidussa erityis-
ryhméssa. - Towards common quality: staff’s,
parents” and children’s conseptions of quality
in an integration group at a daycare center.
256 p. Summary 6 p. 2000.

Raupaskoskl, LEENA, Ammattikorkeakoulun
toimintaperustaa etsiméssa. Toimilupahake-
musten sisdllonanalyyttinen tarkastelu. - In
search for the founding principles of the
Finnishpolytechnic institutes. A content
analysis of the licence applications. 193 p.
Summary 4 p. 2000.

TAKKINEN, SANNA, Meaning in life and its
relation to functioning in old age. - Elamén
tarkoituksellisuus ja sen yhteydet toiminta-
kykyyn vanhuudessa. 51 p. (130 p.)
Yhteenveto 2 p. 2000.

LAuNONEN, LEgvy, Eettinen kasvatusajattelu
suomalaisen koulun pedagogisissa teksteissd
1860-luvulta 1990-luvulle. - Ethical thinking
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172

173

174

175

176

177

178

179

in Finnish school’s pedagogical texts from the
1860s to the 1990s. 366 p. Summary 3 p. 2000.
KuoreLAHTI, MATTI, Sopeutumattomien luokka-
muotoisen erityisopetuksen tuloksellisuus. -
The educational outcomes of special classes
for emotionally/ behaviorally disordered
children and youth. 176 p. Summary 2p.
2000.

KuUrRUNMAKI, Jussl, Representation, nation and
time. The political rhetoric of the 1866
parliamentary reform in Sweden. - Edustus,
kansakunta ja aika. Poliittinen retoriikka
Ruotsin vuoden 1866 valtiopdivareformissa.
253 p. Tiivistelmé 4 p. 2000.

RasINEN, Akl Developing technology
education. In search of curriculum elements
for Finnish general education schools. 158 p.
Yhteenveto 2 p. 2000.

SunpHOLM, LARSs, Itseohjautuvuus organisaatio-
muutoksessa. - Self-determination in
organisational change. 180 p. Summary 15 p.
2000.

AHONNISKA-ASsA, JAANA, Analyzing change in
repeated neuropsychological assessment. 68
p- (124 p.) Yhteenveto 2 p. 2000.

HOoFFREN, JARI, Demokraattinen eetos - rajoista
mahdollisuuksiin. - The democratic ethos.
From limits to possibilities? 217 p. Summary
2 p. 2000.

Hemxxinen, Hannu L. T., Toimintatutkimus,
tarinat ja opettajaksi tulemisen taito.
Narratiivisen identiteettityon kehittiminen
opettajankoulutuksessa toimintatutkimuksen
avulla. - Action research, narratives and the
art of becoming a teacher. Developing
narrative identity work in teacher education
through action research. 237 p. Summary 4 p.
2001.

VUORENMAA, MARITTA, Ikkunoita arvioin- nin
tuolle puolen. Uusia avauksia suoma-

laiseen koulutusta koskevaan evaluaatio-
keskusteluun. - Views across assessment:
New openings into the evaluation

discussion on Finnish education. 266 p.
Summary 4 p. 2001.

LitmMaNEN, Tapio, The struggle over risk. The
spatial, temporal, and cultural dimensions of
protest against nuclear technology. - Kamp-
pailu riskistd. Ydinteknologian vastaisen
protestin tilalliset, ajalliset ja kulttuuriset
ulottuvuudet. 72 p. (153 p.) Yhteenveto 9 p.
2001.

Aunora, Kaisa, Children’s and adolescents’
achievement strategies, school adjustment,
and family environment. - Lasten ja nuorten
suoritusstrategiat koulu- ja perheympéristois-
sd. 51 p. (153 p.) Yhteenveto 2 p. 2001.
OksANEN, ELINA , Arvioinnin kehittdiminen
erityisopetuksessa. Diagnosoinnista oppimi-
sen ohjaukseen laadullisena tapaustutkimuk-
sena. - Developing assessment practices in
special education. From a static approach to
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dynamic approach applying qualitative case.
182 p. Summary 5 p. 2001.

Virrrara, Kaisu, “Kyllad se tommosellaki lapsel-
la on kovempi urakka”. Siki6aikana alkoholil-
le altistuneiden huostaanotettujen lasten
elaméntilanne, riskiprosessit ja suojaavat
prosessit. - “It’s harder for that kind of child to
getalong”. The life situation of the children
exposed to alcohol in utero and taken care of
by society, their risk and protective processes.
316 p. Summary 4 p. 2001.

HanssoN, Leent, Networks matter. The role of
informal social networks in the period of socio-
economic reforms of the 1990s in Estonia. -
Verkostoilla on merkitysta: infor-maalisten
sosiaalisten verkostojenasema  Virossa
1990-luvun sosio-ekonomisten muutosten
aikana. 194 p. Yhteenveto 3 p. 2001.

Book, Marja LEENA, Vanhemmuus ja vanhem-
muuden diskurssit tydttomyystilanteessa . -
Parenthood and parenting discourses in a
situation of unemployment. 157 p. Summary
5 p. 2001.

Kokko, Katja, Antecedents and

consequences of long-term unemployment.

- Pitkédaikaisty6ttomyyden ennakoijia ja seu-
rauksia. 53 p. (115 p.) Tiivistelma 3 p. 2001.
KokkoNEN, MARjA, Emotion regulation

and physical health in adulthood: A
longitudinal, personality-oriented

approach. - Aikuisidn tunteiden séétely ja
fyysinen terveys: pitkittdistutkimuksellinen
ja persoonallisuuskeskeinen lihestymis-
tapa. 52 p. (137 p.) Tiivistelmé 3 p. 2001.
MANNIKKO, Kaisa, Adult attachment styles:

A Person-oriented approach. - Aikuisten
kiintymystyylit. 142 p. Yhteenveto 5 p. 2001.
KatvaLa, Satu, Missi diti on? Aitejd ja ditiyden
uskomuksia sukupolvien saatossa. - Where's
mother? Mothers and maternal beliefs over
generations. 126 p. Summary 3 p. 2001.
KuskINEN, ANNA-Liisa, Ympéristohallinto
vastuullisen eliméntavan edistédjana.

- Environmental administration as

promoter of responsible living. 229 p.
Summary 8 p. 2001.

Smvora, AHTl, Tydterveyshuolto-organi-
saation toiminta, sen henkildston henkinen
hyvinvointi ja toiminnan tuloksellisuus. -
Functioning of an occupational health
service organization and its relationship to
the mental well-being of its personnel, client
satisfaction, and economic profitability. 192 p.
Summary 12 p. 2001.

VESTERINEN, PIRKKO, Projektiopiskelu- ja oppi-
minen ammattikorkeakoulussa. - Project -
based studying and learning in the
polytechnic. 257 p. Summary 5 p. 2001.
KEeMPPAINEN, JaaNa, Kotikasvatus kolmessa
sukupolvessa. - Childrearing in three
generations. 183 p. Summary 3 p. 2001.
HOHENTHAL-ANTIN LEONIE, Luvan ottaminen -
Ikdihmiset teatterin tekijoina. - Taking
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permission- Elderly people as theatre makers.
183 p. Summary 5 p. 2001.

Kakkorr, LEENA, Heideggerin aukeama.
Tutkimuksia totuudesta ja taiteesta Martin
Heideggerin avaamassa horisontissa.

- Heidegger's clearing. Studies on truth and
artin the horizon opened by Martin Heideg-
ger. 156 p. Summary 2 p. 2001.

NARrHI, VESA, The use of clinical neuro-
psychological data in learning disability
research. - Asiakastyon yhteydessa kerdatyn
neuropsykologisen aineiston kdytto
oppimisvaikeustutkimuksessa. 103 p.
Yhteenveto 2 p. 2002.

Suomi, Asta, Ammattia etsiméssa.
Aikuisopiskelijat kertovat sosiaaliohjaaja-
koulutuksesta ja narratiivisen patevyyden
kehittymisesta. - Searching for professional
identity. Adult students' narratives on the
education of a social welfare supervisor and
the development of narrative competence.

183 p. Summary 2 p. 2002.

PerxkiLA, PAvi, Opettajien matematiikka-
uskomukset ja matematiikan oppikirjan
merkitys alkuopetuksessa. 212 p.

- Teacher's mathematics beliefs and

meaning of mathematics textbooks in the

first and the second grade in primary

school. Summary 2 p. 2002.

VESTERINEN, MARJA-Liisa, Ammatillinen  har-
joittelu osana asiantuntijuuden  kehittymistd
ammattikorkeakoulussa. - Promoting
professional expertise by developing practical
learning at the polytechnic. 261 p. Summary

5 p. 2002.

PoHjANEN, JormA, Mitd kello on? Kello moder-
nissa yhteiskunnassa ja sen sosiologisessa
teoriassa. - What's the time. Clock on

modern society and in it's sociological

theory. 226 p. Summary 3 p. 2002.

RantaLA, ANJA, Perhekeskeisyys - puhetta vai
todellisuutta? Tyontekijoiden kasitykset
yhteistyosta erityistd tukea tarvitsevan lapsen
perheen kanssa. - Family-centeredness
rhetoric or reality? Summary 3 p. 2002.
VALANNE, Enja, "Meidén lapsi on arvokas"
Henkilokohtainen opetuksen jarjestamista
koskeva suunnitelma (HOJKS) kunnallisessa
erityiskoulussa. - "Our child is precious" - The
individual educational plan in the context of
the special school. 219 p. Yhteenveto 2 p. 2002.
HoropraNeN, LEENA, Development in

reading and reading related skills; a follow-
up study from pre-school to the fourth

grade. 57 p. (138 p.) Yhteenveto 3 p. 2002.
HEekkiNeN, HANNU, Draaman maailmat
oppimisalueina. Draamakasvatuksen vakava
leikillisyys. - Drama worlds as learning areas -
the serious playfulness os drama education.
164 p. Summary 5 p. 2002.

HytoNeN, Tuna, Exploring the practice of
human resource development as a field of
professional expertise. - Henkiloston
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kehittamistyon asiantuntijuuden rakentumi-
nen. 137 p. (300 p.) Yhteenveto 10 p. 2002.
RiraTTI, MIKKO, Arvid Jarnefeldt kasvatus-
ajattelijana. 246 p. Summary 4 p. 2002.
VIRMASALO, ILKKA, Perhe, tyottomyys ja lama.

- Families, unemployment and the economic
depression. 121 p. Summary 2 p. 2002.
WIKGREN, JAN, Diffuse and discrete associations
in aversive classical conditioning. - Tasmal-
liset ja laaja-alaiset ehdollistumat klassisessa
aversiivisessa ehdollistumisessa. 40 p. (81 p.)
Yhteenveto 2 p. 2002.

Joxivuori, PerTT, Sitoutuminen tydorgani-
saatioon ja ammattijarjestoon. - Kilpailevia
vai tdydentévid?- Commitment to organisation
and trade union. Competing or
complementary? 132 p. Summary 8 p. 2002.
GonzALEZ VEGA, Narciso, Factors affecting
simulator-training effectiveness. 162 p.
Yhteenveto 1 p. 2002.

SaLo, Kary, Teacher Stress as a Longitudinal
Process - Opettajien stressiprosessi. 67 p.
Yhteenveto 2 p. 2002.

'V AUHKONEN, JouNr, A rhetoric of reduction.
Bertrand de Jouvenel’s pure theory of politics
as persuasion. 156 p. Tiivistelma 2 p. 2002.
KontonNiEmI, MARITA, “Milloin sind otat itseési
niskasta kiinni?” Opettajien kokemuksia
alisuoriutujista. - “"When will you pull your
socks up?” Teachers” experiences of
underachievers. 218 p. Summary 3 p. 2003.
SAUKKONEN, SakAR], Koulu ja yksilollisyys;
Jannitteitd, haasteita ja mahdollisuuksia.

- School and individuality: Tensions,
challenges and possibilities. 125 p. Summary
3 p. 2003.

ViLjamaa, Marja-LEENA, Neuvola tdndédn ja
huomenna. Vanhemmuuden tukeminen,
perhekeskeisyys ja vertaistuki. - Child and
maternity welfare clinics today and tomorrow.
Supporting parenthood, family-centered
sevices and peer groups. 141 p. Summary 4 p.
2003.

ReMEs, Lisa, Yrittdjyyskasvatuksen kolme
diskurssia. - Three discourses in
entrepreneurial learning. 204 p. Summary 2 p.
2003.

Karjara, KaLLE, Neulanreidstd panoraamaksi.
Ruotsin kulttuurikuvan ainekset eraissa
keskikoulun ja B-ruotsin vuosina 1961-2002
painetuissa oppikirjoissa. - From pinhole to
panorama - The culture of Sweden presented
in some middle and comprehensive school
textbooks printed between 1961 and 2002.
308 p. Summary 2 p. 2003.

LaLLukka, Kirsl, Lapsuusiké ja ikd lapsuudes-
sa. Tutkimus 6-12 -vuotiaiden sosiokulttuu-
risesta ikdtiedosta. - Childhood age and age
in childhood. A study on the sociocultural
knowledge of age. 234 p. Summary 2 p. 2003.
Puukary, SauLl, Video Programmes as Learning
Tools. Teaching the Gas Laws and Behaviour
of Gases in Finnish and Canadian Senior
High Schools. 361 p. Yhteenveto 6 p. 2003.
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Lorsa, Raga-LeeNa, The polysemous
contemporary concept. The rhetoric of the
cultural industry. - Monimerkityksinen
nykykaésite. Kulttuuriteollisuuden retoriikka.
244 p. Yhteenveto 2 p. 2003.

HotropraNeN, Esko, Kuullun ja luetun tekstin
ymmértamisstrategiat ja -vaikeudet peruskou-
lun kolmannella ja yhdeksédnnelld luokalla. -
Strategies for listening and reading
comprehension and problematic listening and
reading comprehension of the text during the
third and ninth grades of primary school.
135 p. Summary 3 p. 2003.

PENTTINEN, SEPPO, Lihtokohdat litkuntaa
opettavaksi luokanopettajaksi. Nuoruuden
kasvuympéristot ja opettajankoulutus
opettajuuden kehitystekijoina.- Starting points
for a primary school physical education
teacher. The growth environment of
adolescence and teacher education as
developmental factors of teachership.

201 p. Summary 10 p. 2003.

IxAnemvo, HEkk1, Tunnustus, subjektiviteetti ja
inhimillinen eldmadnmuoto: Tutkimuksia
Hegelistd ja persoonien vilisistd tunnustus-
suhteista. - Recognition, subjectivity and the
human life form: studies on Hegel and
interpersonal recognition. 191 p. Summary

3 p. 2003.

AsunTa, TuuLa, Knowledge of environmental
issues. Where pupils acquire information and
how it affects their attitudes, opinions, and
laboratory behaviour - Ympaéristoasioita
koskeva tieto. Mistd oppilaat saavat informaa-
tiota ja miten se vaikuttaa heiddn asenteisiin-
sa, mielipiteisiinsa ja laboratoriokéyttaytymi-
seensd. 159 p. Yhteenveto 4 p. 2003.

KujaLa, Erkki, Sodan pojat. Sodanaikaisten
pikkupoikien lapsuuskokemuksia isyyden
nidkokulmasta - The sons of war. 229 p.
Summary 2 p. 2003.

Juss KurunmAKkt & Kari PALOINEN (Hg. / eds.)
Zeit, Geschicte und Politik. Time, history and
politics. Zum achtzigsten Geburtstag von
Reinhart Koselleck. 310 p. 2003.

LAITINEN, ARTO, Strong evaluation without
sources. On Charles Taylor’s philosophical
anthropology and cultural moral realism.

- Vahvoja arvostuksia ilman lahteita.

Charles Taylorin filosofisesta antropolo-
giasta ja kulturalistisesta moraalirealis-
mista. 358 p. Yhteenveto 4 p. 2003.

Gurttorym, Tomi K. Newborn brain responses
measuring feature and change detection and
predicting later language development in
children with and without familial risk for
dyslexia. - Vastasyntyneiden aivovasteet
puheidinteiden ja niiden muutosten havait-
semisessa sekd myohemman kielen kehityk-
sen ennustamisessa dysleksia-riskilapsilla.
81 p. (161 p.) Yhteenveto 3 p. 2003.
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Nakarl, Maa-Lisa, Ty6ilmapiiri, tyonte-
kijoiden hyvinvointi ja muutoksen mah-
dollisuus - Work climate, employees’ well-
being and the possibility of change. 255 p.
Summary 3 p. 2003.

METSAPELTO, RuTTA-LEENA, Individual
differences in parenting: The five-factor
model of personality as an explanatory
framework - Lastenkasvatus ja sen yhteys
vanhemman persoonallisuuden piirteisiin.
53 p. (119 p.) Tiivistelma 3 p. 2003.
PuLkkINEN, OrLi, The labyrinth of politics -

A conceptual approach to the modes of the
political in the scottish enlightenment. 144 p.
Yhteenveto 2 p. 2003.

JuujArvy, PETRI, A three-level analysis of
reactive aggression among children. -
Lasten aggressiivisiin puolustusreaktioihin
vaikuttavien tekijoiden kolmitasoinen
analyysi. 39 p. (115 p.) Yhteenveto 2 p.
2003.

PoikoNEN, Pirjo-Liisa, “Opetussuunnitelma
onsitd elamaa”. Paivakoti-kouluyhteiso
opetussuunnitelman kehittgjana. - “The
curriculum is part of our life”. The day-cara -
cum - primary school community as a
curriculum developer. 154 p. Summary 3 p.
2003.
SOININEN, Suvl, From a “Necessary Evil’ to an
art of contingency: Michael Oakeshott’s
conception of political activity in British
postwar political thought. 174 p. Summary
2p. 2003.
ArarAUDANJOKI, Esa, Nepalese child labourers’
life-contexts, cognitive skills and well-being.
- Tyossédkdyvien nepalilaislasten elamén-
konteksti, kognitiiviset taidot ja hyvinvointi.
62 p. (131 p.) Yhteenveto 4 p. 2003.
LERKKANEN, MARJA-KRISTIINA, Learning to read.
Reciprocal processes and individual
pathways. - Lukemaan oppiminen:
vastavuoroiset prosessit ja yksilolliset
oppimispolut. 70 p. (155 p.) Yhteenveto 5 p.
2003.
FriMAN, MERvVI, Ammatillisen asiantuntijan
etiikka ammattikorkeakoulutuksessa.
- The ethics of a professional expert in the
context of polytechnics. 199 p. 2004.
MERONEN, AuLl, Viittomakielen omaksumi-
sen yksilolliset tekijit. - Individual
differences in sign language abilities. 110 p.
Summary 5 p. 2004.
TuLikkAaLA, Lisa, Mestarista tuutoriksi.
Suomalaisen ammatillisen opettajuuden
muutos ja jatkuvuus. - From master to tutor.
Change and continuity in Finnish vocational
teacherhood. 281 p. Summary 3 p. 2004.
ARrO, MIkkO, Learning to read: The effect of
orthography. - Kirjoitusjérjestelméan vaikutus
lukemaan oppimiseen. 44 p. (122 p.)
Tiivistelma 2 p. 2004.
Laakso, Erkki, Draamakokemusten darella.
Prosessidraaman oppimispotentiaali
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opettajaksi opiskelevien kokemusten valossa.
- Encountering drama experiences. The
learning potential of process drama in the
light of student teachers” experiences. 230 p.
Summary 7 p. 2004.

PERALA-LITTUNEN, SATU, Cultural images of a
good mother and a good father in three
generations. - Kulttuuriset mielikuvat
hyvasta didistd ja hyviastd isdstd kolmessa
sukupolvessa. 234 p. Yhteenveto 7 p. 2004.
RINNE-KOISTINEN, Eva-MARITA, Perceptions of
health: Water and sanitation problems in
rural and urban communities in Nigeria.
129 p. (198 p.) Yhteenveto 3 p. 2004.
PaLMroTH, AINO, Kddnnosten kautta
kollektiiviin. Tuuliosuuskunnat toimija-
verkkoina. - From translation to collective.
Wind turbine cooperatives as actor
networks. 177 p. Summary 7 p. 2004.
ViEriKKO, ELINA, Genetic and environmental
effects on aggression. - Geneettiset ja ympé-
ristotekijit aggressiivisuudessa. 46 p. (108 p.)
Tiivistelma 3 p. 2004.

NARrHI, KaTi, The eco-social approach in social
work and the challenges to the expertise of
social work. - Ekososiaalinen viitekehys ja
haasteet sosiaalityon asiantuntijuudelle.

106 p. (236 p.) Yhteenveto 7 p. 2004.

UrsIN, Jani, Characteristics of Finnish medical
and engineering research group work.

- Tutkimusryhmityoskentelyn piirteet ladke-
ja teknisissé tieteissd. 202 p. Yhteenveto 9 p.
2004.

TREUTHARDT, LEENA, Tulosohjauksen yhteis-
kunnalliuus Jyvaskylan yliopistossa.
Tarkastelundkokulmina muoti ja seurustelu.

- The management by results a fashion and
social interaction at the University of
Jyviskyld. 228 p. Summary 3 p. 2004.
MartHiEs, JURGEN, Umweltpddagogik in der
Postmoderne. Eine philosophische Studie
iiber die Krise des Subjekts im
umweltpadagogischen Diskurs.

- Ympdéristokasvatus postmodernissa.
Filosofinen tutkimus subjektin kriisista
ympéristokasvatuksen diskurssissa.400 p.
Yhteenveto 7 p. 2004.

LarmiLa, AARNO, Dimensions of expertise in
family therapeutic process. - Asiantunti-
juuden ulottuvuuksia perheterapeuttisessa
prosessissa. 54 p. (106 p.) Yhteenveto 3 p.
2004.

LAAMANEN (ASTIKAINEN), Piia, Pre-attentive
detection of changes in serially presented
stimuli in rabbits and humans. - Muutoksen
esitietoinen havaitseminen sarjallisesti
esitetyissad drsykkeissa kaneilla ja ihmisilla.
35 p. (54 p.) Yhteenveto 3 p. 2004.
JuusenaHO, RutTA, Peruskoulun rehtoreiden
johtamisen eroja. Sukupuolinen nakékulma.
- Differences in comprehensive school
leadership and management. A gender-based
approach. 176p. Summary 3 p. 2004.
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VaaRAKALLIO, TuuLA, “Rotten to the Core”.
Variations of French nationalist anti-system
rhetoric. - ”Systeemi on méatd”. Ranska-
laisten nationalistien jarjestelman vastainen
retoriikka. 194 p. Yhteenveto 3 p. 2004.
KuusINeN, PaTrIK, Pitkdaikainen kipu ja
depressio. Yhteyttd sditelevit tekijit.

- Chronic pain and depression: psychosocial
determinants regulating the relationship.

139 p. Summary 8 p. 2004.
HANNIKAINEN-UUTELA, ANNA-L1sa, Uudelleen
juurtuneet. Yhteisokasvatus vaikeasti
péaihderiippuvaisten narkomaanien kuntou-
tuksessa. - Rooted again. Community
education in the rehabilitation of substance
addicts. 286 p. Summary 3 p. 2004.
PALONIEMI, SusANNA, Ikd, kokemus ja osaa-
minen tydeldmaéssa. Tyontekijoiden kasityksia
idn ja kokemuksen merkityksestd ammatil-
lisessa osaamisessa ja sen kehittdmisessa.

- Age, experience and competence in working
life. Employees' conceptions of the the
meaning and experience in professional
competence and its development. 184 p.
Summary 5 p. 2004.

Ruiz CErezo, MonTsE, Anger and Optimal
Performance in Karate. An Application of the
IZOF Model. 55 p. (130 p.) Tiivistelma 2 p.
2004.

LaponLanTi, Tarja, Haasteita palvelujdrjes-
telmalle. Kehitysvammaiseksi luokiteltu
henkil6 psykiatrisessa sairaalassa.

- Challenges for the human service system.
Living in a psychiatric hospital under the
label of mental retardation. 176 p. Summary

3 p. 2004.

KovaNen PArvi, Oppiminen ja asiantuntijuus
varhaiskasvatuksessa. Varhaisen oppimaan
ohjaamisen suunnitelma erityista tukea
tarvitsevien lasten ohjauksessa. - Learning
and expertice in early childhood education. A
pilot work in using VARSU with children
with special needs. 175 p. Summary 2 p. 2004.
ViLmi, VEIkko, Turvallinen koulu. Suoma-
laisten nakemyksia koulutuspalvelujen
kansallisesta ja kunnallisesta priorisoinnista.
- Secure education. Finnish views on the
national and municipal priorities of
Finland’s education services. 134 p.
Summary 5 p. 2005.

ANTTILA, TIMO, Reduced working hours.
Reshaping the duration, timing and tempo

of work. 168 p. Tiivistelma 2 p. 2005.

Ucaste, AINO, The child’s play world at home
and the mother’s role in the play. 207 p.
Tiivistelmd 5 p. 2005.

Kurri, KaT1ja, The invisible moral order:
Agency, accountability and responsibility

in therapy talk. 38 p. (103 p.). Tiivistelma 1 p.
2005.
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CotLiN, Kapga, Experience and shared practice
- Design engineers’ learning at work.- Suun-
nitteluinsinorien tydssd oppiminen

- kokemuksellisuutta ja jaettuja kdytantoja.
124 p. (211 p.). Yhteenveto 6 p. 2005.

Kurki, Ena, Nékyvé ja nakyméaton. Nainen
Suomen helluntailiikkeen kentilla. - Visible
and invisible. Women in the Finnish
pentecostal movement. 180 p. Summary 2 p.
2005.

HEMONEN, SirkkAL1SA, Tyoikdisend Alzhei-
merin tautiin sairastuneiden ja heidan
puolisoidensa kokemukset sairauden
alkuvaiheessa. - Experiences of persons
with early onset Alzheimer’s disease and
their spouses in the early stage of the disease.
138 p. Summary 3 p. 2005.

Puromen, Hannu, Epavarmuus, muutos ja
ammatilliset jannitteet. Suomalainen
sosiaality® 1990-luvulla sosiaalityontekijoi-
den tulkinnoissa. - Uncertainty, change and
professional tensions. The Finnish social
work in the 1990s in the light of social
workers’ representations. 207 p. Summary

2 p. 2005.

MAKINEN, JARMO, S&étio ja maakunta.
Maakuntarahastojérjestelméan kentét ja
verkostot. - Foundation and region: Fields and
networks of the system of the regional funds.
235 p. Summary 3 p. 2005.

PetrELIUS, PAIvVI, Sukupuoli ja subjektius
sosiaalityossd. Tulkintoja naistyontekijoiden
muistoista. - Gender and subjectivity in social
work - interpreting women workers’
memories. 67 p. (175 p.) 2005.

HokkaNEN, TiNa, Aiting ja isdnd eron jélkeen.
Yhteishuoltajavanhemmuus arjen kokemuk-
sena. - As a mother and a father after divoce.
Joint custody parenthood as an everyday life
experience. 201 p. Summary 8 p. 2005.
HaNNu SIRkkILA, Eldttdjyyttd vai erotiikkaa.
Miten suomalaiset miehet legitimoivat pari-
suhteensa thaimaalaisen naisen kanssa?

- Breadwinner or eroticism. How Finnish
men legitimatize their partnerships with Thai
women. 252 p. Summary 4 p. 2005.
PENTTINEN, LEENA, Gradupuhetta tutkielma-
seminaarissa. - Thesis discourse in an
undergraduate research seminar. 176 p.
Summary 8 p. 2005.

KARVONEN, PIrRkKO, Péivikotilasten lukuleikit.
Lukutaidon ja lukemistietoisuuden kehit-
tyminen interventiotutkimuksessa- Reading
Games for Children in Daycare Centers. The
Development of Reading Ability and Reading
Awareness in an Intervention Study . 179 p.
Summary 3 p. 2005.

KosoNEN, PEkkaA A., Sosiaalialan ja hoitotyon
asiantuntijuuden kehitysehdot ja
opiskelijavalinta. - Conditions of expertise
development in nursing and and social care,
and criteria for student selection. 276 p.
Summary 3 p. 2005.
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NIRANEN-LINKAMA, PA1v1, Sosiaalisen
transformaatio sosiaalialan asiantuntun-
tijuuden diskurssissa. - Transformation of
the social in the discourse of social work
expertise. 200 p. Summary 3 p. 2005.
KarLra, Outy, Characteristics, course and
outcome in first-episode psychosis.

A cross-cultural comparison of Finnish
and Spanish patient groups. - Ensiker-
talaisten psykoosipotilaiden psyykkis-
sosiaaliset ominaisuudet, sairaudenkulku
ja ennuste. Suomalaisten ja espanjalaisten
potilasryhmien vertailu. 75 p. (147 p.)
Tiivistelma 4 p. 2005.

LentoMAkl, ELINA, Pois oppimisyhteiskun-
nan marginaalista? Koulutuksen merkitys
vuosina 1960-1990 opiskelleiden lapsuu-
destaan kuurojen ja huonokuuloisten
aikuisten elaménkulussa. - Out from the
margins of the learning society? The
meaning of education in the life course of
adults who studied during the years 1960-
1990 and were deaf or hard-of-hearing
from childhood. 151 p. Summary 5 p. 2005.
KINNUNEN, MARja-Lisa, Allostatic load in
relation to psychosocial stressors and
health. - Allostaattinen kuorma ja sen suhde

terveyteen. 59 p. (102 p.) Tiivistelma 3 p.
2005

276 UOTII;IEN, Virer, I'm as old as I feel. Subjective

age in Finnish adults. - Olen sen ikédinen
kuin tunnen olevani. Suomalaisten aikuis-
ten subjektiivinen ika. 64 p. (124 p.)
Tiivistelma 3 p. 2005.

277 SaLokoskl, Tarja, Tietokonepelit ja niiden

278

279

280

pelaaminen. - Electronic games: content and
playing activity. 116 p. Summary 5 p. 2005.
HinunaLa, Kauko, Laskutehtédvien suoritta-
misesta késitteiden ymmartamiseen.Perus-
koululaisen matemaattisen ajattelun
kehittyminen aritmetiikasta algebraan
siirryttdessd. - Transition from the
performing of arithmetic tasks to the
understanding of concepts. The
development of pupils' mathematical
thinking when shifting from arithmetic to
algebra in comprehensive school. 169 p.
Summary 3 p. 2005.

WaLLIN, Risto, Yhdistyneet kansakunnat
organisaationa. Tutkimus késitteellisesta
muutoksesta maailmanjarjeston organi-
soinnin periaatteissa - From the league to
UN. The move to an organizational
vocabulary of international relations. 172 p.
Summary 2 p. 2005.

VALLEALA, ULLA MA1jA, Yhteinen ymmir-
taminen koulutuksessa ja tydssd. Kontekstin
merkitys ymmaértamisessa opiskelijaryh-
min ja tyotiimin keskusteluissa. - Shared
understanding in education and work.

281

282

283

284

285

286

287

288

289

290

291

292

Context of understanding in student group
and work team discussions. 236 p. Summary
7 p. 2006.
RasNEN, Tua, Nakokulmia vieraskieliseen
perusopetukseen. Koulun kehittdmishank-
keesta koulun toimintakulttuuriksi.
- Perspectives on content and language
integrated learning. The impact of a
development project on a school’s
activities. 204 . Summary 6 p. 2006.
VIHOLAINEN, HELENA, Suvussa esiintyvan
lukemisvaikeusriskin yhteys motoriseen ja
kielelliseen kehitykseen. Tallaako lapsi
kielensd pédlle? - Early motor and language
development in children at risk for familial
dyslexia. 50 p. (94 p.) Summary 2 p. 2006.
KiLi, JoHanNA, Lasten osallistumisen
voimavarat. Tutkimus Ipanoiden osallistu-
misesta. - Resources for children’s
participation. 226 p. Summary 3 p. 2006.
LeppaMAKl, LAURA, Tekijanoikeuden oikeut-
taminen. - The justification of copyright.
125 p. Summary 2 p. 2006.
SANAKSENAHO, SANNA, Eriarvoisuus ja
luottamus 2000-luvun taitteen Suomessa.
Bourdieulainen ndkokulma. - Inequality and
trust in Finland at the turn of the 21st
century: Bourdieuan approach.
150 p. Summary 3 p. 2006.
VALKONEN, LEENA, Millainen on hyvi 4iti tai
isd? Viides- ja kuudesluokkalaisten lasten
vanhemmuuskasitykset. - What is a good
father or good mother like? Fifth and sixth
graders’ conceptions of parenthood. 126 p.
Summary 5 p. 2006.
MARTIKAINEN, Liisa, Suomalaisten nuorten
aikuisten eldméédn tyytyvaisyyden monet
kasvot. - The many faces of life satisfaction
among Finnish young adult’s. 141 p.
Summary 3 p. 2006.
Hawmarus, PArvi, Koulukiusaaminen ilmiona.
Yldakoulun oppilaiden kokemuksia
kiusaamisesta. - School bullying as a
phenomenon. Some experiences of Finnish
lower secondary school pupils. 265 p.
Summary 6 p. 2006.
LepPANEN, ULLA, Development of literacy in
kindergarten and primary school.
Tiivistelmé 2 p. 49 p. (145 p.) 2006.
KorveLa, PAauL-ERrik, The Machiavellian
reformation. An essay in political theory.
171 p. Tiivistelma 2 p. 2006.
METsoMAKI, MARJO, “Suu on syomista
varten”. Lasten ja aikuisten kohtaamisia
ryhméperhepéivikodin ruokailutilanteissa.
- Encounters between children and adults
in group family day care dining situations.
251 p. Summary 3 p. 2006.
LatvaLa, JuHA-MaTT, Digitaalisen kommuni-
kaatiosovelluksen kehittaminen kodin ja
koulun vuorovaikutuksen edistamiseksi.
- Development of a digital communication
system to facilitate interaction between home
and school. 158 p. Summary 7 p. 2006.
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PrrkANEN, TuuLl, Alcohol drinking behavior
and its developmental antecedents. - Alko-
holin juomiskayttdytyminen ja sen ennusta
minen. 103 p. (169 p.) Tiivistelma 6 p. 2006.
LINNILA, MATA-LIISA, Kouluvalmiudesta koulun
valmiuteen. Poikkeuksellinen koulunaloitus
koulumenestyksen, viranomaislausuntojen
ja perheiden kokemusten valossa. - From
school readiness to readiness of school -
Exceptional school starting in the light of
school attainment, official report and
family experience. 321 p. Summary 3 p. 2006.
LEINONEN, ANU, Vanhusneuvoston funktioita
jaljittaméssa. Tutkimus maaseutumaisten
kuntien vanhusneuvostoista. - Tracing
functions of older people’s councils. A study
on older people’s councils in rural
municipalities. 245 p. Summary 3 p. 2006.
KAUPPINEN, MARKO, Canon vs. charisma.
”"Maoism” as an ideological construction.

- Kaanon vs. karisma. “Maoismi” ideologise-

na konstruktiona. 119 p. Yhteenveto 2 p. 2006.

VEHKAKOSKI, TANJA, Leimattu lapsuus? Vam-
maisuuden rakentuminen ammatti-ihmisten
puheessa ja teksteissa. - Stigmatized
childhood? Constructing disability in
professional talk and texts. 83 p. (185 p.)
Summary 4 p. 2006.

LeppAaHO, HENRY, Matemaattisen ongelman
ratkaisutaidon opettaminen peruskoulussa.
Ongelmanratkaisukurssin kehittdminen ja
arviointi. - Teaching mathematical problem
solving skill in the Finnish comprehensive
school. Designing and assessment of a
problem solving course. 343 p. Summary 4 p.
2007.

Kuvaja, KristiNg, Living the Urban Challenge.
Sustainable development and social
sustainability in two southern megacities.
130 p. (241 p.) Yhteenveto 4 p. 2007.

PonjoLa, Pasi, Technical artefacts. An
ontological investigation of technology. 150 p.
Yhteenveto 3 p. 2007.

Kaukua, JaRrl, Avicenna on subjectivity. A
philosophical study. 161 p. Yhteenveto 3 p.
2007.

KuriLa, PAvi, “Mindko asiantuntija?”. Varhais-
kasvatuksen asiantuntijan merkitysperspektii-
vin ja identiteetin rakentuminen. -“Me, an
expert?” Constructing the meaning perspective
and identity of an expert in the field of early

childhood education. 190 p. Summary 4 p. 2007.

SILVENNOINEN, P1ia, Ikd, identiteetti ja ohjaava
koulutus. Ikddntyvit pitkdaikaistyottomat
oppimisyhteiskunnan haasteena. - Age,
identity and career counselling. The ageing,
long-term unemployed as a challenge to
learning society. 229 p. Summary 4 p. 2007.
REINIKAINEN, MARjO-RirTA, Vammaisuuden
sukupuolittuneet ja sortavat diskurssit:
Yhteiskunnallis-diskursiivinen ndkskulma
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vammaisuuteen. - Gendered and oppressive
discourses of disability: Social-discursive
perspective on disability. 81 p. (148 p.)
Summary 4 p. 2007.

MAATTA, Jukka, Asepalvelus nuorten naisten
ja miesten opinto-ja tyduralla. - The impact
of military service on the career and study
paths of young women and men. 141 p.
Summary 4 p. 2007.

PYYKKONEN, MIIKKA, Jdrjestdytyvit diasporat.
Etnisyys, kansalaisuus, integraatio ja hallinta
maahanmuuttajien yhdistystoiminnassa.

- Organizing diasporas. Ethnicity,
citizenship, integration, and government in
immigrant associations. 140 p. (279 p.)
Summary 2 p. 2007.

Rasku, MINNA, On the border of east and west.
Greek geopolitical narratives. - Idén ja lannen
rajalla. Narratiiveja kreikkalaisesta geopoli-
tiikasta. 169 p. Yhteenveto 3 p. 2007.
LarioLanTl, Rammo, Koulutuksen arviointi
kunnallisen koulutuksen jérjestédjan tehtava-
nd. Paikallisen arvioinnin toteutumisedelly-
tysten arviointia erddn kuntaorganisaation
nakokulmasta. - The evaluation of schooling
as a task of the communal maintainer of
schooling - what are the presuppositions of
the execution of evaluation in one specific
communal organization. 190 p. Summary 7 p.
2007.

NaTALE, KaTja, Parents’ Causal Attributions
Concerning Their Children’s Academic
Achievement . - Vanhempien lastensa koulu-
menestysta koskevat kausaaliattribuutiot.

54 p. (154 p.) Yhteenveto 3 p. 2007.

VAHTERA, SIRPA, Optimistit opintielld. Opin-
noissaan menestyvien nuorten hyvinvointi
lukiosta jatko-opintoihin. - The well-being of
optimistic, well-performing high school
students from high school to university. 111 p.
Summary 2 p. 2007.

Korvisto, PArvi, “Yksilollistd huomiota arkisis-
sa tilanteissa”. Pdivakodin toimintakulttuurin
kehittaminen lasten itsetuntoa vahvistavaksi.
- “Individual attention in everyday
situations”. Developing the operational
culture of a day-care centre to strengthen
children’s self-esteem. 202 p. Summary 4 p.
2007.

LAHIKAINEN, JOHANNA, “You look delicious”
-Food, eating, and hunger in Margaret
Atwood’s novels. 277 p. Yhteenveto 2 p.

2007.

Linnavuorr, HANNARIKKA, Lasten kokemuksia
vuoroasumisesta. — Children’s experiences of
dual residence. 202 p. Summary 8 p. 2007.
ParviaNeN, Tiuna, Cortical correlates of
language perception. Neuromagnetic studies
in adults and children. - Kielen kasittely
aivoissa. Neuromagneettisia tutkimuksia
aikuisilla ja lapsilla. 128 p. (206 p.) Yhteenve-
to 5 p. 2007.
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Kara, HANNELE, Ermutige mich Deutsch zu
sprechen. Portfolio als evaluationsform von
miindlichen leistungen. - “Rohkaise minua
puhumaan saksaa” - kielisalkku suullisen
kielitaidon arviointivilineend. 108 p. Yhteen-
veto 3 p. 2007.

MAKELA, AARNE, Miti rehtorit todella tekevit.
Etnografinen tapaustutkimus johtamisesta ja
rehtorin tehtavistd peruskoulussa. - What
principals really do. An ethnographic case
study on leadership and on principal’s tasks
in comprehensive school. 266 p. Summary

5 p. 2007.

PuoLakaNaHO, ANNE, Early prediction of
reading - Phonological awareness and
related language and cognitive skills in
children with a familial risk for dyslexia.

- Lukemistaitojen varhainen ennustaminen.
Fonologinen tietoisuus, kielelliset ja kognitii-
viset taidot lapsilla joiden suvussa esiintyy
dysleksiaa. 61 p. (155 p.) Yhteenveto 3 p.
2007.

Horrman, Davip M., The career potential of
migrant scholars in Finnish higher education.
Emerging perspectives and dynamics. -
Akateemisten siirtolaisten uramahdollisuudet
suomalaisessa korkeakoulujirjestelméssa:
dynamiikkaa ja uusia ndkokulmia. 153 p.
(282 p.) Yhteenveto 2 p. 2007.

Fapjukorr, PArvi, Identity formation in
adulthood. - Identiteetin muotoutuminen
aikuisidssa. 71 p. (168 p.) Yhteenveto 5 p.
2007.

MAKIKANGAS, ANNE, Personality, well-being
and job resources: From negative paradigm
towards positive psychology. - Persoonalli-
suus, hyvinvointi ja tyén voimavarat: Kohti
positiivista psykologiaa. 66 p. (148 p.) Yhteen-
veto 3 p. 2007.

Jokisaarl, MARkKU, Attainment and reflection:
The role of social capital and regrets in
developmental regulation. - Sosiaalisen
pddoman ja toteutumattomien tavoitteiden
merkitys kehityksen séételyssa. 61 p. (102 p.)
Yhteenveto 2 p. 2007.

HAMALAINEN, JARMO, Processing of sound rise
time in children and adults with and without
reading problems. - Aénten nousuaikojen
prosessointi lapsilla ja aikuisilla, joilla on
dysleksia ja lapsilla ja aikuisilla, joilla ei ole
dysleksiaa. 48 p. (95 p.) Tiivistelma 2 p. 2007.
KaNERvIO, PEKKA, Crisis and renewal in one
Finnish private school. - Kriisi ja uudistumi-
nen yhdesséd suomalaisessa yksityiskoulussa.
217 p. Tiivistelmé 2 p. 2007.

MAATTA, Sami, Achievement strategies in
adolescence and young adulthood. - Nuorten
ajattelu- ja toimintastrategia. 45 p. (120 p.)
Tiivistelmé 3 p. 2007.

TorrrA MINNA, Pathways to reading
acquisition: Effects of early skills, learning
environment and familial risk for dyslexia.
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332
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337

- Yksilollisid kehityspolkuja kohti lukemisen
taitoa: Varhaisten taitojen, oppimisympé-
riston ja sukuriskin vaikutukset. 53 p. (135 p.)
2007.

KankaINEN, Tomi, Yhdistykset, instituutiot ja
luottamus. - Voluntary associations,
institutions and trust.158 p. Summary 7 p.
2007.

PirnEs, Esa, Merkityksellinen kulttuuri ja
kulttuuripolitiikka. Laaja kulttuurin késite
kulttuuripolitiikan perusteluna. - Meaningful
culture and cultural policy. A broad concept
of culture as a basis for cultural policy. 294 p.
Summary 2 p. 2008.

Niemy, PETTERI, Mieli, maailma ja referenssi.
John McDowellin mielenfilosofian ja seman-
titkan kriittinen tarkastelu ja ontologinen
tdaydennys. - Mind, world and reference: A
critical examination and ontological
supplement of John McDowell’s philosophy
of mind and semantics. 283 p. Summary 4 p.
2008.

GRANBOM-HERRANEN, Liisa, Sananlaskut
kasvatuspuheessa - perinnettd, kasvatusta,
indoktrinaatiota? - Proverbs in pedagogical
discourse - tradition, upbringing,
indoctrination? 324 p. Summary 8 p. 2008.
Kykyry, VirpI-Lisa, Helping clients to help
themselves. A discursive perspective to
process consulting practices in multi-party
settings. - Autetaan asiakasta auttamaan itse
itseddn. Diskursiivinen ndkdkulma prosessi-
konsultoinnin kiytant6éihin ryhmaitilanteissa.
75 p. (153 p.) Tiivistelma 2 p. 2008.

Kiuru, NooNa, The role of adolescents”
peergroups in the school context. - Nuorten-
toveriryhmien rooli kouluympéristossa. 77 p.
(192 p.) Tiivistelma 3 p. 2008.

PARTANEN, TERHI, Interaction and therapeutic
interventions in treatment groups for
intimately violent men. 46 p. (104 p) Yhteen-
veto 2 p. 2008.

RarrtiLa, Rapa, Retkelld. Lasten ja kaupunki-
ympariston kohtaaminen. - Making a visit.
Encounters between children and an urban
environment. 179 p. Summary 3 p. 2008.
SuME, HELENA, Perheen pyorteinen arki.
Sisdkorvaistutetta kdyttavan lapsen matka
kouluun. - Turbulent life of the family. Way to
school of a child with cochlear implant.

208 p. Summary 6 p. 2008.

KotiranTa, Turja, Aktivoinnin paradoksit.

- The paradoxes of activation. 217 p.
Summary 3 p. 2008.

RuorriLa, Isto, HUUHTANEN, PEKKA, SEITSAMO,
JorMA AND ILMARINEN, JUHANI, Age-related
changes of the work ability construct and its
relation to cognitive functioning in the older
worker: A 16-year follow-up study. 97 p. 2008.
TIKKANEN, Pirjo, “Helpompaa ja hauskempaa
kuin luulin”. Matematiikka suomalaisten ja
unkarilaisten perusopetuksen neljasluokka-
laisten kokemana.- “Easier and more fun that
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I thought”. Mathematics experienced by
fourth-graders in Finnish and Hungarian
comprehensive schools. 309 p. Summary 3 p.
2008.

KaurpPINEN, ILkkA, Tiedon omistaminen on valtaa
- Globalisoituvan patenttijdrjestelmén poliit-
tinen moraalitalous ja globaali kapitalismi.

- Owning knowledge is power. Political moral
economy of the globalizing patent system and
global capitalism. 269 p. Summary 5 p. 2008.

KujaLa, Maria, Muukalaisena omassa maassa.

Miten kasvaa vuorovaikutuskonflikteissa?

- A stranger in one’s own land. How to grow
in interaction conflicts? 174 p. Summary 7 p.
2008.

KoroneN, Tulrg, Calculation and Language:
Diagnostic and intervention studies. -
Laskutaito ja kieli: Diagnostinen ja kuntou-
tustutkimus. 49 p. (120 p.) Tiivistelma 2 p.
2008.

HautaLa, PAvi-Maria, Lupa tulla nakyvaksi.
Kuvataideterapeuttinen toiminta kouluissa.

- Permission to be seen. Art therapeutic
activities in schools. 202 p. 2008.

SiPARI, SALLA, Kuntouttava arki lapsen tueksi.
Kasvatuksen ja kuntoutuksen yhteistoimin-
nan rakentuminen asiantuntijoiden keskuste-
luissa. - Habilitative everyday life to support
the child. Construction of the collaboration of
education and rehabilitation in experts
discussions. 177 p. Summary 4 p. 2008.
LenTONEN, PAvi HANNELE, Voimauttava video.
Asiakaslahtoisyyden, myonteisyyden ja
videokuvan muodostama tydorientaatio
perhetydn menetelména. - Empowering video.
A work orientation formed by client-focus,
positivity and video image as a method for
family work. 257 p. Summary 3 p. 2008.
RuonomAki, Jyrki, “Could Do Better”.
Academic Interventions in Northern Ireland
Unionism. - “Could Do Better” Akateemiset
interventiot Pohjois-Irlannin unionismiin.

238 p. Tiivistelma 2 p. 2008.

SaLmi, PauLa, Nimedminen ja lukemisvaikeus.
Kehityksen ja kuntoutuksen niakékulma. -
Naming and dyslexia: Developmental and
training perspectives.

169 p. Summary 2 p. 2008.

RANTANEN, JoHANNA, Work-family interface and
psychological well-being: A personality and
longitudinal perspective. - Tyén ja perheen
vuorovaikutuksen yhteys psyykkiseen hyvin-
vointiin sekd persoonallisuuteen
pitkittdistutkimuksen nidkokulmasta 86 p.
(146 p.) Yhteenveto 6 p. 2008.

347 Purro, Jukka, Trust, Autonomy and Safety at

348

Integrated Network- and Family-oriented
mode for co-operation. A Qualitative Study.
70 p. (100 p.) Yhteenveto 2 p. 2008.

HATINEN, MARJA, Treating job burnout in
employee rehabilitation: Changes in
symptoms, antecedents, and consequences. -

349

350

351

352

353

354

355

356

357

358
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Tyduupumuksen hoito tyoikdisten kuntou-
tuksessa: muutokset tyduupumuksen oireissa,
ennakoijissa ja seurauksissa. 85 p. (152 p.)
Tiivistelma 4 p. 2008.

Price, GaviN, Numerical magnitude
representation in developmental dyscalculia:
Behavioural and brain imaging studies.

139 p. 2008.

RautiaINEN, MaTTr, Keiden koulu? Aineen-
opettajaksi opiskelevien késityksid koulu-
kulttuurin yhteisollisyydesta. - Who does
school belong to? Subject teacher students’
conceptions of community in school culture.
180 p. Summary 4 p. 2008.

UOTINEN, SANNA, Vanhempien ja lasten
toimijuuteen konduktiivisessa kasvatuksessa.
- Into the agency of a parent and a child in
conductive education. 192 p. Summary 3 p.
2008.

AHONEN, HELENA, Rehtoreiden kertoma johta-
juus ja johtajaidentiteetti. - Leadership and
leader identity as narrated by headmasters.
193 p. 2008.

Moisio, OLLI-PekkaA, Essays on radical
educational philosophy. 151 p. Tiivistelma

3 p. 2009.

LinpQvist, Rayja, Parisuhdevikivallan
kohtaaminen maaseudun sosiaalitydssa. -
Encountering partner violence with rural
social work. 256 p. 2009.

TaMMELIN, Mia, Working time and family time.
Experiences of the work and family interface
among dual-earning couples in Finland. -
Tyoaika ja perheen aika: kokemuksia tyon ja
perheen yhteensovittamisesta Suomessa.

159 p. Tiivistelma 3 p. 2009.

RinNE, PArvi, Matkalla muutokseen. Sosiaali-
alan projektitoiminnan perustelut, tavoitteet ja
toimintatavat Sosiaaliturva-lehden kirjoituk-
sissa 1990-luvulla. - On the way to the change.
221 p. Summary 2 p. 2009.

VaLTONEN, RitTA, Kehityksen ja oppimisen
ongelmien varhainen tunnistaminen Lene-
arvioinnin avulla. Kehityksen ongelmien
péallekkdisyys ja jatkuvuus 4-6-vuotiailla
sekd ongelmien yhteys koulusuoriutumiseen.
- Lene-assessment and early identification of
developmental and learning problems. Co-
occurrence and continuity of developmental
problems from age 4 to age 6 and relation to
school performance. 73 p. (107 p.) Summary

2 p. 2009.

SunHONEN,KATRI, Mitd hiljainen tieto on hengelli-
sessd tyossd? Kokemuksellinen ndkokulma
hiljaisen tiedon ilmenemiseen, siirrettdvyyteen
ja siirrettdvyyden merkitykseen ikddntyneiden
diakoniatyontekijéiden ja pappien tydssa.

- What is tacit knowledge in spiritual work?
An experiential approach to the manifestation,
significance and distribution of tacit
knowledge in the work of aged church
deacons and ministers. 181 p. Summary 6 p.
2009.
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JumpPANEN, AaPo, United with the United States
- George Bush’s foreign policy towards
Europe 1989-1993. 177 p. Yhteenveto 3 p.
2009.

HuUEeMER, SINI, Training reading skills.
Towards fluency. - Lukemistaitojen harjoitta-
minen. Tavoitteena sujuvuus. 85 p. (188 p.)
Yhteenveto 3 p. 2009.

EskeLINEN, TEPPO, Putting global poverty in
context. A philosophical essay on power,
justice and economy. 221 p. Yhtenveto 1 p.
2009.

TaIPALE, SakaRl, Transformative technologies,
spatial changes: Essays on mobile phones
and the internet. 97 p. (184 p.) Yhteenveto 3 p.
2009.

KORKALAINEN, PauLA, Riittiméttomyyden
tunteesta osaamisen oivallukseen. Ammatilli-
sen asiantuntijuuden kehittiminen varhais-
erityiskasvatuksen toimintaympéristdissa. -
From a feeling of insuffiency to a new sense of
expertise. Developing professional
knowledge and skills in the operational
environments for special needs childhood
education and care. 303 p. Summary 4 p.
2009.

SEPPALA-PANKALAINEN, TARJA, Oppijoiden
moninaisuuden kohtaaminen suomalaisessa
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