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ABSTRACT

Introduction: Diabetes mellitus type 1 (T1DM) affects
nearly 15 million children worldwide and failure to
achieve and maintain good glycaemic control in this
group can lead to diabetes-related complications.
Children with TIDM can experience impairment in
cognitive function such as memory, attention and
executive function. This study is designed to evaluate
the correlation between diabetes and cognitive
dysfunction as well as to clarify whether this
correlation can be linked to neurological structural
changes in 6-11-year-old children with diabetes.
Methods and analysis: 310 eligible children with
diabetes will be divided into two groups based on
glycaemic control according to their HbA1c index. The
control group will include 150 children aged 6-11
without diabetes. The following parameters will be
measured and investigated: duration of the disease
since diagnosis, required daily insulin dose, frequency
of insulin administration, hospital admissions due to
diabetes, hypoglycaemic episodes during the last year,
and episodes of diabetic ketoacidosis. The following
components of cognitive function will be evaluated:
memory, attention, executive function, decision-making
and academic performance. Cognitive function and
subsequent subtests will be assessed using
Cambridge Neuropsychological Test Automated Battery
(CANTAB) tools. Brain structural indices such as
intracranial vault (ICV), as well as cerebrospinal fluid
(CSF), ventricle, hippocampus, total intracranial, total
brain, grey matter and white matter volume will be
measured using MRI. ANOVA, correlational tests
(Spearman) and regression models will be used to
evaluate the hypothesis.

Ethics and dissemination: This study is approved
by the ethics committee of the Endocrinology and
Metabolism Research Institute (EMRI) of Tehran
University of Medical Sciences (TUMS) under reference
number 00300. Our findings are to be published in a
peer-reviewed journal and disseminated both
electronically and in print.

INTRODUCTION

Diabetes, one of the most common metabolic
disorders, is one of the main public health
concerns globally. The prevalence of diabetes
varies between countries as well as between
age groups. According to existing data, dia-
betes type 1 (T1DM) affects nearly 15 million
children worldwide and its prevalence is
increasing, particularly in developing coun-
tries. * Global epidemiological studies have
shown the incidence of T1DM is increasing
by 2-5% annually worldwide.” In Iran, a
significant prevalence of both metabolic
syndrome and diabetes has been reported.* °

TIDM is associated with several specific
physical, psychological and social impair-
ments in children due to their age and asso-
ciated vulnerabilities.” TIDM is the most
common type of diabetes in children and
sometimes requires several insulin injections
per day. Consequently, children who need
multiple daily injections are exposed to trau-
matic experiences. Many children avoid
injections, which in turn, results in a high
treatment failure rate in this age group.7 8
Failure to achieve and maintain good
glycaemic control in children leads to
diabetes-related complications such as dia-
betic ketoacidosis (DKA) and may be asso-
ciated with serious health consequences
and hospitalisation.9 This situation, in turn,
results in higher levels of sensitivity to thera-
peutic interventions such as injections, which
could further intensify psychological reac-
tions in affected children.'”

On the other hand, since cognitive func-
tion is still developing in younger patients,
following a daily schedule for multiple injec-
tions is a complex task requiring parental
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assistance. This also may result in treatment failure in
children with diabetes.!! Although the use of insulin
pumps and techniques to reduce injection pain have
improved therapeutic success and compliance in chil-
dren, such treatments are not always and easily
available.'?

Complications and comorbidities associated with dia-
betes, such as respiratory disorders and autoimmune
and microvascular diseases, can lead to serious complica-
tions in children.'*"” Many diabetes-related complica-
tions are only detected after many years of exposure to
high blood sugar levels. Poor glycaemic control in chil-
dren due to late diagnosis could further increase the
risk and intensity of such complications.

Besides the damaging effects of diabetes on various
organs, cognitive changes are also very common and
include changes in memory, executive function, atten-
tion and academic performance, and are among the
most important impairments seen in children with dia-
betes. In addition to physical growth, social and emo-
tional development is important and stimulated by
formal education and schooling. Therefore, any health
condition which might impact on cognitive function
could, in turn, affect other areas of child development
including cognitive, social and emotional development.'®

The evaluation of child development and cognitive
changes has been the subject of numerous studies, some
of which have reported some correlations between dia-
betes and cognitive function. In their meta-analysis
designed to evaluate diabetes and cognitive function in
children, Gaudieri ¢ al'® concluded that different
domains of cognitive function are affected by diabetes in
children. They also reported that this correlation is
more prominent in patients with early onset diabetes.
Children with diabetes have been shown to have lower
levels of intelligence compared to children without dia-
betes.”” ! In addition, Hershey and colleagues evaluated
the association between hypoglycaemic episodes and
memory changes in children with diabetes and showed a
reduction in the spatial memory of children with
TIDM.?? Executive performance is another important
component of cognitive function and has been
evaluated in children with diabetes in different studies.
Ly et al® reported impaired executive function in chil-
dren with diabetes in comparison with their healthy
counterparts. In addition, changes in executive function,
independent of levels of glycaemic control, have been
reported in T1IDM children.”*

There has been much research on the association
between academic performance and diabetes.”®
Although the majority of studies have shown poor aca-
demic performance in children with diabetes, there are
some discrepancies. For instance, whether the decline in
academic performance is due to pathological changes
or secondary to other consequences, such as increased
absenteeism, has yet to be elucidated.

The results of several studies have clearly demon-
strated that diabetes is associated with cognitive

malfunction in children. However, the basic mechanism
through which diabetes affects academic performance is
not yet known. One suggestion is that diabetes causes
academic disadvantage in children through absenteeism,
which consequently results in different cognitive and
learning impairments.%_28

However, other researchers believe that diabetes can
induce cognitive malfunction by affecting the central
nervous system (CNS) and neural structures.? Different
brain mapping studies of neural structure have demon-
strated changes in the overall brain structure of patients
with diabetes.” *' These observations led to the assump-
tion that changes in cognitive function in children with
diabetes may be due to changes in neural structures.””

Current study

Previous studies designed to assess cognitive function in
children with diabetes have generally focused on intelli-
gence, memory and academic performance. Moreover,
the assessment tools used in these studies differ, which
in turn makes the comparison of results difficult.
On the other hand, very few studies have focused on
simultaneous evaluation of neural structures and cogni-
tive function domains, especially in pre-pubertal
children.

In view of the high treatment failure rates in children
with diabetes, evaluation of the effects of good gly-
caemic control on cognitive function should be a prior-
ity, together with assessment of the preventive effects of
good glycaemic control on cognitive disorders.

In view of the above arguments, the current study is
designed to evaluate the correlation between diabetes
and cognitive dysfunction. It aims to compare these eva-
luations with imaging procedures to detect neural struc-
tural changes in 6-11-year-old children with diabetes.
Current available information in this age group remains
sparse although cognitive changes in children with dia-
betes have been investigated in several studies. However,
most such studies have investigated only a few aspects of
cognitive function. To our knowledge, several domains
of cognitive function have rarely been evaluated using a
single tool and compared with structural brain changes.
Therefore, in this study, we shall investigate this issue
using our unique study design.

The hypotheses assessed in this study include the follow-

ing (figure 1):

» Diabetes in children is associated with changes in
cognitive function.

» Good glycaemic control is associated with a decrease
in change in cognitive function.

» Changes in cognitive function are associated with
structural changes in the brain.

» Good glycaemic control is associated with less struc-
tural changes in the brain.

Diabetes will be defined as detection of fasting blood
sugar levels above 125 mg/dL measured on two occa-
sions. Glycaemic control will be assessed using HbA1C
levels. Cognitive domains to be evaluated include
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Figure 1 Research questions
and hypothesis.

Is diabetesin children associated
with change in cognitive function?

Diabetes in children is associated with

change in cognitive function.

Yes

Are changes in cognitive function
associated with structural
changesin brain?

Changes in cognitive function are

Is good glycemic control
associated with a decrease in
change in cognitive function?

associated with structural changesin brain

_| Good glycemic controlis associated with a

memory, attention, executive function, decision-making
and academic performance. Brain structure will also be
visualised and compared.

METHODS AND ANALYSIS

Participants

A total of 310 children with diabetes and attending the
Children’s Medical Center, a teaching hospital affiliated
with Tehran University of Medical Sciences (TUMS) in
Tehran, Iran will be enrolled in this study. The children
will be between 6 and 11 years of age and from diverse
socioeconomic backgrounds. One of the researchers will
be present in the diabetes clinic in order to observe,
discuss and enrol eligible patients into the study.

Inclusion criteria

Children aged between 6 and 11 years and diagnosed
with TIDM for at least 3 months will be included.
Children must live with both parents, attend regular gov-
ernment schools, and have no reported learning disabil-
ities. Children with known diseases affecting the nervous

is good glycemic control
associated with lesser structural
changesin brain?

decreasein changein cognitive function.

Good glycemic controlis associated with
lesser structural changes in brain.

system or with any history of drug consumption which
might affect cognitive functions will be excluded.

Sample size
Sample size was calculated based on the equation shown
in figure 2 and with a=0.05, $=0.2.

Based on methods in similar studies, a standard devi-
ation 1 (SD1)=11/standard deviation 2 (SD2)=8/differ-
ence (D)=3 and a sample size equal to 160 subjects in
each group was estimated.” The total number of sub-
jects are 160x3=480.

Based on SD1=0.31/SD2=0.35/D=0.25, we will ran-
domly select 33 patients from each group for brain
image assessment. Therefore, a total of 480 children in
three groups (children with controlled diabetes,

2
(Zl_a/2+ zl_ﬁ> (61°+6827)

(M1—H2)2

n=

Figure 2 Sample size equation.
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children with uncontrolled diabetes, and healthy con-
trols) will be assessed and analysed.

Study groups

Eligible children with diabetes will be divided into con-
trolled and uncontrolled groups according to glycaemic
control based on their HbAlc values.”* Under physician
supervision, patients with elevated HbAlc levels and
high blood sugar volatility will be allocated to the
uncontrolled group. Dividing children with diabetes
into controlled and uncontrolled groups will allow
researchers to demonstrate any association between dia-
betes, cognitive function and brain structure by compar-
ing children with uncontrolled diabetes and a healthy
control group. Moreover, comparison between two
groups with diabetes may demonstrate a relationship
between glycaemic control, brain structure and cogni-
tive function. All data from patients with diabetes (as a
group) will be used to perform linear correlation
between the glycaemic control index (HbAlc) and cog-
nitive profiles.

Healthy control subjects will be selected from chil-
dren aged 6-11years who are referred to the emer-
gency department of the Children’s Medical Center.
These children should not have any chronic diseases,
must live with both parents, and should attend regular
school. They should not have any gross learning disabil-
ities, be diagnosed with diseases that affect the nervous
system, or consume medications that may affect their
cognitive processes. In order to minimise the effects of
hospital environment and therapeutic interventions
during the evaluation process, children in the control
group will be assessed 1week after admission to the
emergency department. Based on a random number
table, 33 of the patients enrolled in each group will be
selected for an MRI scan and a briefing letter prepared
by the project’s director will be handed to their
patients.

Entering the study

A trained researcher will visit patients in the diabetes
clinic and will review their medical records under phys-
ician supervision. If a child fulfils the eligibility criteria,
the researcher will discuss the study with their parents
and provide them with information on the project. The
researcher will also discuss the study with the child and
explain the process. If the child and the parents decide
to participate in the study, they will be given a consent
form, which the child will also be requested to sign.
Information on the brain imaging process and a separ-
ate informed consent form will also be provided to the

child and their parents in case they are selected for an
MRI.

Measurements

Sociogconomic status

Socioeconomic status will be assessed using a question-
naire filled out by the parents. The questionnaire will

include questions about the number of children, family
income, district of residence, residence status, and
number of people living in the household. Diabetes dur-
ation, insulin dosage, frequency of insulin injections,
hospital admission due to diabetes, hypoglycaemic epi-
sodes during the previous year, and episodes of DKA will
also be determined (table 1).

Cognitive assessment

The child’s cognitive function will be measured through
assessment of: memory, attention, executive function,
decision-making and academic performance (table 1).
Assessment of academic performance will be performed
using a questionnaire.

Cognitive function together with intra-extra dimen-
sional set shift (IED), Stockings of Cambridge (SOC),
spatial span (SSP), spatial working memory (SWM), rapid
visual information processing (RVP), choice reaction
time (CRT) and pattern recognition memory (PRM) will
be assessed using Cambridge Neuropsychological Test
Automated Battery (CANTAB) tools.*

Brain mapping

Structural mapping of the brain will be performed using
a 3T MRI machine in the imaging centre of Imam
Khomeini Hospital. Parameters will include: repetition
time 1600 ms, time to echo 3.44 ms, inversion time
800 ms, flip angle 15, field of view 200 mmx220 mm,
matrix size 232x256, slice thickness 1.2 mm and in
plane resolution 0.86 mmx0.86 mm.*® *° 37 Using the
obtained images, intracranial vault (ICV), cerebrospinal
fluid (CSF), ventricular, hippocampus, total intracranial,
total brain, grey matter and white matter volume will be
analysed using a voxel-based morphometry technique
(table 1).

Statistical analysis

Data related to diabetes, cognitive function and brain
mapping will be collected and entered into an SPSS
database for further analysis. Statistical tests such as
ANOVA, correlational tests (Spearman) and regression
models will be used to evaluate our hypothesis. ANOVA
will be used for evaluation of quantitative statistical dif-
ferences between study groups in medical, cognitive and
brain structural indices. Evaluation of correlations
between biological and medical indices (age, sex, age at
diagnosis, treatment regimen, insulin dosage, hospital
admissions, dysglycaemia), neuropsychological status
(attention, memory, executive function, decision
making) and brain structural indices (ICV, CSF and ven-
tricular, hippocampus, total intracranial, total brain, grey
matter and white matter volume) will be performed
using correlational tests (Spearman). Regression models
will be used to detect some variables as a predictive
factor for neuropsychological and neurostructural
changes. The statistical threshold will be set at p<0.05
for all statistical tests.
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Table 1 Measurement tools

Tools

Content

Demographics  Questionnaire

Academic Questionnaire

performance

Medical Questionnaire

information

Cognition Cambridge Neuropsychological Test

Automated Battery (CANTAB): Intra-extra
dimensional set shift (IED)

» Stockings of Cambridge (SOC)
Spatial span (SSP)

Spatial working memory (SWM)

Choice reaction time (CRT)
Pattern recognition memory (PRM)
Rl 3 Tesla

ZVVYVVYYVYY

Brain structure

Rapid visual information processing (RVP)

Age, sex, family structure, family income, parents
educational status, address, phone number
School status (public or private), scores in literature, maths,
science and physical education, absenteeism

Duration of diagnosed DM, insulin dosage, type of insulin,
frequency of insulin injections, hypoglycaemic crises, DKA
and hospital admission in the last year, latest fasting blood
sugar, BS(2HPP), BUN and Cr laboratory data and trend in
HbA1C changes

Attention, working memory, verbal memory, spatial memory,
executive function, decision making

Intracranial vault, CSF and ventricular, hippocampus, total
intracranial, total brain, grey matter and white matter volume

BS(2HPP), blood sugar (2 h post prandial); BUN, blood urea nitrogen; Cr, creatinine; CSF, cerebrospinal fluid; DKA, diabetic ketoacidosis;

DM, diabetes mellitus.

DISCUSSION AND CONCLUSION

Using the results of our investigations, we will seek to
identify specific patterns concerning any association
between diabetes, cognitive function and structural
brain changes. The results of this study should show
whether diabetes can affect cognitive function in chil-
dren. Moreover, a comparison of cognitive function in
children with poor and good glycaemic control might
help researchers explain how improving diabetes control
can positively affect cognitive development. Moreover,
comparing the brain structures of children with and
without diabetes may demonstrate possible changes in
the overall brain structure of children with diabetes and
show whether these changes are related to cognitive
function. Comparing the brain structures of diabetic
children with good and poor glycaemic control may also
help demonstrate how good glycaemic control can
prevent neurological changes in patients.

We chose a 6-1l-year-old age group as hormonal
changes caused by puberty may interfere with glycaemic
control despite proper treatment. Gonder-Frederick and
colleagues also selected a similar age group for evalu-
ation of cognitive function in children with diabetes.”

Brain structural changes should be minimized
through proper glycaemic control or psychological inter-
vention. This can improve cognitive function according
to the correlations between diabetes and structural brain
changes may be found in our study. In light of the high
rate of growth and development in the neural structure
of preschoolers, the possibility of modification of neural
structural changes caused by diabetes is higher in this
group compared to older children.

One of the limitations of this study is that some of the
components of cognitive function such as social cogni-
tion and cognitive content will not be evaluated due to
the lack of appropriate tools for assessing these para-
meters. Moreover, more precise imaging techniques
than to be used in this study may improve the accuracy
of the results. Lastly, using functional imaging techni-
ques may provide more reliable and accurate informa-
tion. Nevertheless, the results of the current study may
assist researchers and clinicians to design and imple-
ment more convenient medical and psychological inter-
ventions aimed at improving the cognitive function of
children with diabetes.
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