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ABSTRACT

Background: The rapid and unprecedented outbreak of the Coronavirus
(COVID-19), which spread rapidly around the world in late 2019, prompted the
World Health Organization to declare a public health emergency, which soon
became an international public health concern. The concerns are especially
more serious in people with certain diseases, such as diabetes. The need to
quarantine and the preservation of social distances lead to further inactivity
and, thus, more health consequences. It is necessary to maintain physical
activity and regular exercise which, in addition to reducing the consequences
of inactivity, can lead to better control of blood glucose in children with type 1
diabetes. This review article investigated the need for regular physical activity
in children with type 1 diabetes who were quarantined during the COVID-19
outbreak.
Methods: For this purpose, the PubMed, Scopus, and Google Scholar
databases were searched for relevant articles published up to September 2021,
and articles identified based on the search keywords were reviewed.

Results: Online exercise programs may be helpful in counteracting the
sedentary lifestyle associated with the pandemic. A short exercise session,
which can be repeated frequently throughout the day, may represent an
optimal intervention strategy to maintain the health and well-being of young
people with type 1 diabetes

Conclusion: Exercise in a safe home environment and under the supervision
and encouragement of parents while monitoring and controlling blood glucose
has several physical and psychological benefits that should be considered
during quarantine and the outbreak of COVID-19

2021© The Authors. Published by JRSR. All rights reserved.

Background

toddlers, and children can also be infected with the virus.
However, COVID-19 infection appears to be clinically

In late 2019, Severe Acute Respiratory Syndrome-
Coronavirus-2  (SARS-CoV-2), also known as
coronavirus disease-2019 (COVID-19), spread rapidly
worldwide and became pandemic [1]. The hypothesis
that children are less likely to develop COVID-19
is deceptive, because it has been shown that infants,
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lower in children than in adults, with children accounting
for 1-5% of diagnosed cases with an average age of 6.7
years [2].

Type 1 diabetes, one of the most common chronic
diseases in childhood, is an autoimmune disorder in
which a person’s T cells destroy the beta cells in the
pancreas, which is responsible for producing insulin,
and lead to disruption in its production [3]. Research
has shown that the main reason for the increased risk
of COVID-19 complications in diabetics may be poor
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glycemic control or hyperglycemia [4].

The role of regular exercise in the prevention, control,
and treatment of various diseases has been proven.
Significant results are available on the effects of
exercise in life and disease management in children and
adolescents with type 1 diabetes. A systematic review and
meta-analysis conducted in 2018 showed that exercise
improves some of the biomarkers of severity of type 1
diabetes in children and adults [5]. On the other hand,
inactivity resulting from the outbreak of COVID-19 may
have negative effects on blood glucose control in this
population [6]. The present article aimed to review the
need for regular physical activity in children with type 1
diabetes during quarantine the COVID-19 outbreak.

COVID-19

In December 2019, analyses of samples of the lower
respiratory tract revealed a new type of coronavirus,
called SARS-CoV-2, which causes a new disease named
COVID-19 [7].

Angiotensin-converting enzyme 2 (ACE2) receptor is
known to allow the entry of the virus of COVID-19 into the
host cell [8]. ACE2 is widely expressed in the respiratory
tract, kidneys, heart, brain neurons, intestines, immune
cells, vascular endothelium, and pancreas [9]. The most
well-known form of transmission of COVID-19 is through
large respiratory droplets that are transmitted from one
person to another by talking, sneezing, and coughing [10].

Clinical features of COVID-19 range from
asymptomatic to flu-like symptoms such as fever, cough,
respiratory problems, fatigue, and muscle aches. In
more severe cases, acute respiratory distress syndrome
and involvement or death of various organs in the body
also occur [11]. Children with COVID-19 infection
are generally asymptomatic, thus increasing the risk
of spread of the outbreak. In fact, in more than 90% of
children with the disease, the infection is clinically silent
or characterized by mild to moderate symptoms, while
5.2% of cases are severe and 0.6% of affected children
face a critical form of the disease [2]. A more active
innate immune response, a healthy respiratory tract, as
well as different distribution, maturation, and function of
viral receptors may partly explain the relative resistance
to COVID-19 infection in children [1].

Type 1 Diabetes, Signs and Symptoms

Diabetes, one of the leading causes of death worldwide,
is a chronic inflammatory disease characterized by
metabolic and vascular abnormalities [12]. The two
main types of this disease are type 1 diabetes and type 2
diabetes. In diabetes, high blood sugar levels are caused
by insufficient production of the insulin hormone in the
body (type 1 diabetes) or the body’s resistance to the
insulin hormone and its inability to perform its normal
function (type 2 diabetes) [13]. In type 1 diabetes, the
body’s immune system attacks insulin-producing cells,
and so, the body produces very little or no insulin.
Therefore, the need for daily insulin control in these
patients is inevitable [3]. Hyperglycemia is associated with
multiple defects in the immune system and dysfunction
of monocytes, macrophages, and neutrophils [12]. Type

152

1 diabetes accounts for about 5% of all diagnoses of
diabetes, and its global incidence increases by about 3%
each year [14]. Although type 1 diabetes is one of the
most common childhood disorders, it can occur at any age
[15]. However, the peak incidence occurs at the age of 5-7
years and at or near puberty [16].

The most important symptoms of type 1 diabetes in
children and adolescents are polyphagia (overeating),
polydipsia (increased thirst), and polyuria (frequent,
excessive urination). However, weight loss, dry mouth,
and fatigue are also common symptoms of type 1 diabetes
[17]. These diagnostic symptoms are almost similar in
adults and are somewhat less common [17]. Diabetic
ketoacidosis (DKA) also occurs in approximately one-
third of people with type 1 diabetes [18]. DKA is a
complication of severe insulin deficiency that leads to
hyperglycemia accompanied by glycosuria (excretion of
glucose in the urine), dehydration, and ketogenesis [19].

The cause of type 1 diabetes is unknown; however,
it seems that genetic factors cannot be the only cause,
and a combination of environmental and genetic factors
are thought to be involved in the susceptibility to type 1
diabetes. Environmental factors that may be involved in
type 1 diabetes include poor diet, insufficient vitamin D
intake, exposure to viruses associated with Langerhans’s
inflammation, and decreased intestinal microbiome
diversity [20]. Obesity can also be associated with an
increased risk of developing type 1 diabetes through B-cell
stress, which is potentially associated with mechanical
underpinning [20]. People with type 1 diabetes need
daily insulin therapy, regular blood glucose monitoring,
and a healthy lifestyle, which can be achieved through
proper diet and regular exercise.

COVID-19 and Type 1 Diabetes

There is currently evidence that people with diabetes
are not more susceptible to SARS-CoV-2 infection;
this means that the prevalence of COVID-19 among
people with diabetes is almost the same as the general
population, and these people are not at higher risk for
developing COVID-19. However, it has been reported
that people with diabetes develop serious complications
from COVID-19 [21].Research has also shown that
the main reason for the increased risk of COVID-19
complications in diabetics may be poor glycemic control
or hyperglycemia [4]. SARS-CoV-2 infection through
the release of more hormones that affect blood glucose,
such as glucocorticoids and catecholamines, leads to a
further increase in blood glucose levels and abnormal
glucose variability in people with diabetes, thus creating
more stressful conditions [22]. The severe consequences
of COVID-19 in people with diabetes can occur for two
reasons. First, due to the weak immune system and its
insufficient function, the fight against the virus becomes
more difficult, and the recovery period takes longer.
Second, the virus may have more growth and development
in the context of high blood glucose [23]. Reports from
China and Italy also confirm this finding in patients with
type 1 diabetes [21]. Possible reasons for this are the
younger age of patients with type 1 diabetes, the lower
prevalence of type 1 diabetes, and the overexpression of
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CD8 + T lymphocytes in type 1 diabetes [24]. However,
more studies are needed to reach a definite conclusion.

One of the problems that individuals with diabetes may
face during COVID-19 is DKA, which can control fluid
intake and electrolyte levels, an important factor in the
control and management of sepsis [25]. Sepsis and septic
shock are other serious complications that some people
with COVID-19 have experienced [26].

The Positive Effect of Physical Activity on Type I
Diabetes

As mentioned, type 1 diabetes is the most common
endocrine disorder in childhood, affecting a large number
of children every year, and this rate is increasing day by
day [15]. As there is no definitive cure for type 1 diabetes,
managing and controlling the disease through a variety
of methods, such as healthy diets and regular exercise,
can improve the quality of life for patients. Children
are generally less affected by COVID-19 problems than
adults; however, children with certain conditions, such as
type 1 diabetes and related diseases, if left untreated, can
be at high risk for serious complications from COVID-19
infection. Therefore, proper disease management is
necessary in this population. Management of type 1
diabetes in children strengthens and promotes healthy
functions in them and prevents or delays negative health-
related outcomes such as cardiovascular disease, DKA,
nephropathy, and neuropathy [27].

Insulin injection and a healthy lifestyle through a
balanced diet and regular exercise are the most important
ways to control blood glucose in children and adolescents
with type 1 diabetes [28]. Physical activity has different
effects on blood glucose control according to various
factors, such as the number of exercise sessions per
week and the length of the intervention period (12 weeks
or more) [29-32]. Regardless of the type of exercise
(aerobic versus resistance), exercise in children and
adolescents with type 1 diabetes has a positive effect on
blood glucose control [29-31].

The researchers also reported a positive correlation
between glycemic control and level of physical activity in
children and adolescents with type 1 diabetes. The higher
the level of physical activity and the more active children
were, the better blood glucose was controlled [27]. Other
studies have shown that depending on the frequency and
regularity of exercise, high levels of exercise in children
and adolescents with type 1 diabetes are involved in more
effective control of their blood glucose [29, 30].

Therefore, children and adolescents with type 1 diabetes
can improve their quality of life by incorporating exercise
into their daily lives along with leading an active lifestyle
and following a proper diet.

In addition to physical benefits and maintaining physical
fitness, improving blood glucose control, and preventing
the serious consequences of diabetes and related diseases
such as cardiovascular disease, regular physical activity
in children with type 1 diabetes has psychological benefits
[32] which, especially for children and adolescents with
type 1 diabetes, are very important as there is a significant
relationship between depression and stress and poor
control of blood glucose and its complications [33].
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Despite the importance of this issue, very few studies
have addressed it, and more studies are needed in this
field. The researchers showed that physical activity is
strongly associated with the psychological well-being of
children and adolescents with type 1 diabetes [32].

Restrictions in social relationships during quarantine
have caused children and adolescents to suddenly lose
many of their daily activities, opportunities to play, and
relationships with peers. Over a long period of time, these
factors can cause symptoms of depression, hopelessness,
tediousness, stress, and anxiety in children and adolescents
[34]. Because stress has negative effects on blood glucose
control, managing and controlling stress, anxiety, and
depression during this period will be important [35]. A
positive relationship has been found between physical
activity and mental health indicators in children with
type 1 diabetes. More physical activity results in higher
mental health, fewer psychological symptoms, less
anxiety, greater perception of health, and improved
quality of life in such children. A positive message for
children and adolescents with type 1 diabetes is that they
should engage in physical activity like their healthy peers
to support their quality of life and improve their mental
health [32]. Therefore, maintaining physical activity and
game playing among children and adolescents during the
outbreak of COVID-19 is very important.

The involvement of children with type 1 diabetes in
physical activities is inevitable due to their physical and
psychological benefits; however, these children need
to be taught how to prevent hypoglycemia. In general,
achieving daily nutrient requirements to control blood
glucose in children with type 1 diabetes, especially
those involved in exercise, is complex. The researchers
showed nocturnal hypoglycemia in children with type 1
diabetes and introduced physical activity during the day
as one of the main important factors [36]. For children
and adolescents with type 1 diabetes who engage in
physical activities, achieving a good balance between
controlling blood glucose and consuming nutrients and
carbohydrates for proper functioning of the energy supply
is very important. The consumption of carbohydrate
snacks, adjustment of insulin dose, and continuous
control of blood glucose levels, especially after physical
activity, should be considered [36]. Macronutrient
intake guidelines for children and adolescents with
type 1 diabetes include receiving 45-50% energy from
carbohydrates, less than 35% energy from fat (saturated
fats less than 10%), and 15-20% energy from protein.
This distribution may vary depending on the individual
characteristics of children [37]. In general, carbohydrate
intake in children and adolescents with type 1 diabetes
should not be overly restricted, as it may lead to adverse
effects on growth and increase the risk of cardiovascular
dysfunction and malnutrition [38].

Methods

For this purpose, the PubMed, Scopus, and Google
Scholar databases were searched for relevant articles
published up to September 2021, and articles identified

based on the search keywords were reviewed.
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Results

The widespread prevalence of COVID-19 and
government recommendations for maintaining social
distance, quarantining, and staying at home have had
major impacts on physical activity behaviors worldwide.
Physical inactivity during quarantine has negative effects
on physical and mental health. Obesity, cardiovascular
vulnerability, muscle atrophy, bone loss, and decreased
aerobic capacity are among the negative effects of inactivity
on the body [39]. Prolonged isolation also has negative
effects on psychological responses and exacerbates post-
traumatic stress symptoms, depression, and anxiety [40].
Studies have described the positive role played by physical
activity in improving general health, mental health, heart
health, blood circulation, and respiration, reducing stress
and anxiety, and improving immune function [32, 41, 42].

The implementation of quarantine has led to the
implementation of preventive measures in sports-
related activities such as the closure of sports clubs and
swimming pools and has prevented walking, running
and playing outdoors. Therefore, home exercise is the
only way to stay active during the COVID-19 epidemic.
The researchers provided specific recommendations
for home-based exercise [43]. They stated practical
tips for staying active at home, such as performing
aerobic exercise training on a bike or rowing ergometer,
bodyweight training, dancing, and active video games,
all of which can be used to counteract the harmful
side effects of physical inactivity and its psychological
consequences in the COVID-19 time [43].

The WHO also has provided specific guidelines for the
level of physical activity in children and adolescents.
According to these guidelines, children under the age
of 5 years old should spend at least 180 minutes a day
on physical activity. Children 3 to 4 years old should
also have moderate to vigorous activities for 60 minutes
a day. According to these guidelines, all children and
adolescents 5 to 17 years old should be involved at
least 60 minutes a day in moderate to vigorous physical
activity. Moreover, activities to strengthen muscles and
bones should be done at least three days a week [44].

The prevalence of the modern lifestyle in recent
decades has led to a decrease in physical activity and
an increase in sedentary behaviors in children and
adolescents. Researchers have found that children with
chronic diseases, including children with type 1 diabetes,
are sedentary for more than 10 hours a day [45]. The
widespread outbreak of COVID-19 in late 2019 led to the
implementation of quarantine and the closure of leisure
and play centers, parks, gyms, and sports clubs, which
is a very important factor in reducing physical activity,
especially in children, who are forced to stay at home
for long hours during the day. The researchers stated that
the level of physical activity of children and adolescents
during the COVID-19 epidemic decreased sharply from
540 minutes per week (before the epidemic) to 105
minutes per week (during the epidemic) [46]. Such a
large decline in physical activity brings with it countless
physical and psychological consequences for children
and adolescents. Limitations during the outbreak of
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COVID-19 and quarantine may have a negative effect
on blood glucose control in people with type 1 diabetes
because physical activity outside the home, which is
usually helpful in controlling blood glucose, is severely
restricted. Therefore, reductions in physical activity and
exercise due to sedentary behaviors can have harmful
effects on glycemic control [47]. In a cross-sectional
study, researchers compared the levels of physical
activity of adolescents aged 11-18 years with type 1
diabetes and healthy controls. Overall, the results showed
that physical activity levels during lockdown were below
recommended levels, but physical activity levels did not
differ between children with type 1 diabetes and control
participants, nor between genders. In general, young
people were insufficiently active during the lockdown,
and some sub-groups were more affected than others
by the restrictions [48]. In another study, the level of
physical activity and glycemic values of children with
type 1 diabetes were examined, and the results showed a
decrease in the level of physical activity and worsening
glycemic during quarantine [49]. Because physical
activity is an important part of lifestyle management for
adolescents with type 1 diabetes, physical activity through
online platforms or home-based exercise can be effective
for these children. Therefore, the implementation of
physical activities as a hobby and a valuable way during
the quarantine period should definitely be considered.
The researchers explored the physical activity level and
variations in glycemic control in children with type 1
diabetes before and during the lockdown and proposed an
online training program. Anthropometric characteristics,
PA, play, sports, and sedentary time and the medical-
related outcomes were recorded by parents of children
with type 1 diabetes who completed an online survey.
Two different approaches to exercise were suggested.
Full-Training (FT) entailed 50-minute-long sessions with
a combination of aerobic and resistance exercises adapted
to the young age of the participants. It was suggested that
children perform training for eight weeks with a frequency
of at least 5 days/week. Active Breaks (AB) consisted
of short bouts of exercises that lasted 3—5 min with a
combination of mobility, coordination, balance, and yoga
movements. Specialists recommended to perform AB at
least 3 times/day for eight weeks. The results showed a
significant lowering in exercise participation and time
spent in outdoor play and a significant increase in time
spent engaged in sedentary behavior. However, the
researchers said that online exercise programs may be
helpful in counteracting the sedentary lifestyle associated
with the pandemic. A short exercise session, which can
be repeated frequently throughout the day, may represent
an optimal intervention strategy to maintain the health
and well-being of young people with type 1 diabetes [50].

Discussion

Exercise at home is a good activity for children with type
1 diabetes. The researchers examined the role of physical
activity at home during quarantine and the prevalence of
COVID-19 on glycemic control in children with type 1
diabetes and showed that children who engaged in physical

JRSR. 2021;8(4)



Exercise, type 1 diabetes, and COVID-19

activity and performed regular exercise during quarantine
had further improvements in blood glucose control.
Authors confirmed that maintaining regular physical
activity in a safe home environment is a fundamental
strategy for controlling blood glucose and reaping the
benefits of physical activity in children and adolescents
with type 1 diabetes during the COVID-19 pandemic [S1].

Physical activities at home can be easily done using
various applicable exercises and simple equipment
and tools. Resistance training, rope training, stretching
exercises, push-ups (on the wall or floor), sit-ups, stair
climbing, balance exercises, throwing exercises (such
as throwing a ball), jumping exercises (such as vertical
jumping), squats, crunches, planks, and online exercise
classes (such as yoga and Pilates classes) are examples of
exercises that children and teens with type 1 diabetes can
perform easily at home and without the need for special
equipment. Furthermore, performing exercises using a
treadmill and stationary bike (if they have equipment
at home) will be very effective [52, 53]. It is also very
important to pay attention to the level of fitness of the
individual performing physical activities. It is better to
start the exercises slowly and gradually increase their
intensity. A physical activity program that lasts at least 60
minutes a day is preferred for children and adolescents
[44]. The researchers reported that regular physical
activity (at least 4 hours per week) with glycemic control
is a good way to manage hypoglycemia [54].

The role of parents in the physical activities of children and
adolescents during quarantine is essential for children with
type 1 diabetes. Parents of children and adolescents with
type 1 diabetes may be concerned that increased physical
activity may lead to further hypoglycemia and may prevent
their children from engaging in adequate physical activity
or limit the duration or intensity of their children’s exercise
level [55]. However, encouraging and supporting parents
provides a significant incentive for physical activity in
children with type 1 diabetes [56]. Parents can encourage
children to play and exercise during quarantine, participate
in physical activities with other children, and design a
variety of physical activities for children (such as games,
stair climbing, and circular exercises).

An important point about children and adolescents
with type 1 diabetes performing physical activities is
the constant monitoring of their blood glucose levels.
Exercise guidelines require direct monitoring of blood
glucose before, during, and after exercise to detect
delayed low blood glucose levels. Moderate-intensity
exercise (such as fast walking) gradually lowers blood
glucose levels. During the post-exercise period, blood
glucose levels may decrease in people with type 1
diabetes due to lower levels of the adrenaline hormone
and more glucose intake by the liver and muscles to
replenish glycogen stores. Therefore, continuous control
of blood glucose is essential [53]. A previous study
has shown that during quarantine and the outbreak of
COVID-19, no deterioration in blood glucose control was
observed in children and adolescents with type 1 diabetes
who exercised regularly and were well controlled [51].
Researchers have mentioned that one possible reason
can be related to the continued presence of children with
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type 1 diabetes and their parents at home and the careful
monitoring and appropriate instructions for nutrition and
physical activity. Another reason could be the reduction
of stress and anxiety following the closure of schools and
the elimination of some after-school activities, as it has
been proven that increased stress and anxiety can have
negative effects on the control of blood glucose [51].

COVID-19 is a rapidly growing disease with the rise
of new variants that cause new issues and different
symptoms, upend assumptions about the coronavirus,
and make it difficult to reach a clear conclusion about
how exercise can help children and adolescents with
type 1 diabetes. Additionally, the number of studies that
have examined the effectiveness of training methods
with different intensities and frequencies in children
with type 1 diabetes during the pandemic is very limited.
Furthermore, COVID-19 vaccine protection on children
with type 1 diabetes and how exercise may affect this
impact still remain unclear and need more investigation
in future studies.

Another major challenge associated with type 1 diabetes
is the relationship between Covid-19 and glycemic
control. People with type 1 diabetes, especially those
who perform physical activity, need to monitor their
blood glucose levels regularly so as to minimize adverse
outcomes of COVID-19. Therefore, it is suggested that
future studies monitor physical activity, nutrition, and
blood glucose monitoring of people with type 1 diabetes.

Conclusion

The management of type 1 diabetes involves the
interaction of factors, such as continuous monitoring
of blood glucose, dietary considerations, and physical
activity. Restrictions caused by COVID-19 do not
necessarily require the complete elimination of physical
activity for individuals. It is necessary to perform physical
activities in various forms, such as home-based exercises
and games, to maintain an appropriate level of physical
fitness in individuals. In children and adolescents with
type 1 diabetes, regular physical activity leads to proper
control of blood glucose and improves their mental health.
Regardless of the type of exercise (aerobic or resistance),
higher repetition and longer duration of physical activity
and reduction of sedentary behavior during quarantine
and the outbreak of COVID-19 have many benefits
for children and adolescents with type 1 diabetes.
Nonetheless, it is necessary to pay attention to blood
glucose levels and monitor its constant control. Exercise
in a safe home environment and under the supervision
and encouragement of parents while monitoring and
controlling blood glucose has several physical and
psychological benefits that should be considered during
quarantine and the outbreak of COVID-19.
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