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ABSTRACT

Type 1 diabetes (T1D), which is generally known as insulin-dependent diabe-
tes, is caused by insulin deficiency due to the destruction of pancreatic beta cells of the immune system
and usually occurs in the early stages of life.The aim of this study was to investigate cognitive disorders
caused by type 1 diabetes.

In this review study, the studies on functional and cognitive complications of T1D
were searched in Google Scholar and PubMed databases using the keywords type 1 diabetes, cognitive
function, hyperglycemia, hypoglycemia, physical activity, nutrition, and glycemic control.

5T The findings indicated the possibility of cognitive complications in people with T1D in all ages,
and the severity and risk of these complications are related to aging and the presence of diabetic com-
plications such as hyperglycemia and hypoglycemia in the long term.

[@TEIERT It is recommended to use cognitive-behavioral interventions, improve nutrition and physical
activity, and use blood sugar monitoring and control, along with drug treatment, to prevent or improve
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Extended Abstract

Introduction

ype 1 diabetes (T1D) is caused by insulin

deficiency due to the destruction of pan-

creatic beta cells of the immune system

and usually occurs in the early stages of

life. In patients with T1D, lack of secre-
tion or decrease in insulin function leads to disorders in
carbohydrate, fat, and protein metabolism [1]. T1D is
one of the most common endocrine disorders in children,
which affects approximately one child <18 years per
300-500 people [5]. Increasing evidence has shown that
diabetes mellitus may contribute to early development
and acceleration of age-related progression of various
forms of cognitive impairment [2]. Less is known about
the relationship between cognitive dysfunction and T1D.
It seems to be more complicated than expected [2]. This
study aims to review the cognitive problems caused by
T1D and find the factors effective in reducing these com-
plications in T1D patients.

Methods

In this review study, the studies on functional and cog-
nitive complications of TID were searched in Google
Scholar and PubMed databases using the keywords type
1 diabetes, cognitive function, hyperglycemia, hypogly-
cemia, physical activity, nutrition, and glycemic control.

Results

A mild to moderate cognitive decline is associated with
T1D. In patients with T1D, cognitive dysfunction appears
immediately after diagnosis and can be seen in people at
any age. Patients with T1D usually have cognitive disor-
ders in the fields of intelligence, psychomotor efficiency,
information processing speed, visual/continuous atten-
tion, cognitive flexibility, and visual perception compared
to non-diabetic people. In some patients with T1D, cogni-
tive dysfunction has been characterized by reduced speed
and mental flexibility, but learning and memory remain
unaffected [ 14]. However, in some studies, poor language
memory, visual-spatial abilities, executive function, ab-
stract reasoning, attention, and concentration functions
have been reported for adults with T1D [12, 13], which
indicates the increase in the risk of cognitive disorders
in T1D with aging. The severity of cognitive deficits in
patients with T1D is influenced by the age of onset and
duration of diabetes [14].
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Discussion

The underlying mechanisms of diabetes-related cognitive
dysfunction are complicated and include diabetes-related
factors (direct effects of altered glucose metabolism on the
brain), diabetes-related cardiovascular disease, and micro-
vascular dysfunction. The nature of cognitive impairment
is different between people with T1D and type 2 diabetes
due to the difference in the pathophysiology of these two
types of diabetes. In type 2 diabetes, cognitive dysfunction
can be explained by metabolic, hormonal, and rheological
disorders due to hyperinsulinemia and insulin resistance
[25, 26], while in T1D, other mechanisms are also involved
in cognitive impairment. Chronic hyperglycemia can trig-
ger the mechanisms that cause neuronal damage and en-
dothelial dysfunction, which together can lead to cognitive
dysfunction over time [2]. Severe hypoglycemia may be a
plausible cause of cognitive decline and may have long-
term effects on cognitive dysfunction in children with T1D
[29]. However, the current evidence is not enough to fully
conclude the long-term effect of severe hypoglycemia on
cognitive dysfunction, and more longitudinal studies are
needed in the field. Diabetes is also known to be a major
risk factor for cerebrovascular diseases [30]. Another factor
related to cognitive disorders in diabetes is aging. Cognitive
function, especially memory, decreases with age [13]. Con-
sidering that the complications of T1D including hypergly-
cemia, insulin-induced hypoglycemia, diabetic neuropathy,
and micro and macrovascular complications, especially
cerebrovascular complications increase with aging, the in-
creased cognitive and functional problems in adults with
T1D can be explained by poor diabetes management and
cardiometabolic disturbances associated with T1D.

An intervention or treatment method for preventing the
occurrence of cognitive complications in T1D patients
is blood sugar control and preventing the progression of
complications. The complications of T1D include mi-
crovascular and macrovascular complications, which,
along with metabolic problems such as hypoglycemia
and hyperglycemia, oxidative stress, and inflammation,
can lead to neurocognitive complications in T1D patients
[13, 29]. Therefore, one of the goals of preventing cogni-
tive complications in T1D is glycemic control. Another
complication of T1D is the disorders related to the thyroid
gland. Thyroid autoimmunity is commonly associated
with T1D, possibly due to a common genetic susceptibil-
ity to them [41]. Thyroid dysfunction in childhood and
adolescence can have a negative effect on the growth and
the nervous system [45], which indicates the need to in-
vestigate and control these side effects in these patients,
especially at young ages.
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Current studies have shown the positive effect of exer-
cise on cognitive performance [32, 47]. In addition to im-
proving physical health, the exercises can increase blood
flow in the brain and can affect neuro-cognitive perfor-
mance by increasing neurotrophins [32, 48]. Although the
existing literature supports the positive effects of exercise
on neuro-cognitive performance, it is not known what
type of exercise at what intensity and duration is needed
to increase the amount of brain-derived neurotrophic fac-
tor and other neurotrophins needed for neuroprotection
and preventing/treating cognitive disorders in T1D, which
indicates the need for more research in this filed. Also, ad-
herence to diabetes-specific guidelines for the percentage
of daily energy intake from macronutrients (i.e. carbohy-
drates, proteins, and fats), as well as the intake of dietary
fibers are important for people with T1D to promote good
glycemic control and prevent long-term outcomes includ-
ing cardiovascular diseases [55]. Cognitive capacity can
be influenced by dietary components. Foods with low
glycemic index seem to improve attention, memory, and
functional capacity, while foods rich in simple sugars are
associated with difficulty concentrating and paying atten-
tion [56]. Overall, by combination of methods including
lifestyle modification with exercise and healthy nutrition,
drug treatment, and maintenance or control of blood sug-
ar, the cognitive complications of T1D can be prevented.
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5. Brain-derived neurotrophic factor (BDNF)
6. Insulin-like Growth Factor 1(IGF-1)
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4. Nuclear factor E2-related factor 2 (Nrf2)
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2. Antibodies to thyroperoxidase (anti-TPQ)
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