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Abstract

In the COVID-19 pandemic, millions of people have had to stay in isolation for months. Children did not go to
school for a long time, they spent much more time at home and were sedentary. They also spent much more time
on screen-related activities (personal computer (PC), mobile phone, music player, tablet, game console, and
television (TV). These situations have had various effects on children and adolescents. Undoubtedly, long-term
restrictions and lifestyle changes have had effects on individuals with childhood obesity, pubertal progression,
and type 1 diabetes (T1D). In this review, articles investigating the effect of COVID-19 quarantine/pandemic on
adolescence, childhood obesity and diabetes were compiled and the effect of the COVID pandemic on these
frequently encountered situations in pediatric endocrine practice was tried to be revealed.
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Oz

COVID-19 pandemisi, saglik hizmetleri Gzerinde benzeri goriilmemis bir baski yaratti ve karantina, milyonlarca
insani aylarca evlerinde izole kalmaya zorladi. Pandemi déneminde ¢ocuklar okula gidemediler, evde ¢ok daha
fazla zaman gegirdiler ve hareketsiz kaldilar. Ayrica ekran iligkili etkinliklerde (bilgisayar, cep telefonu, muzik
calar, tablet, oyun konsolu ve televizyon) ¢ok daha fazla zaman harcadilar. Kugskusuz bu durumlarin gocuklar
ve ergenler lizerinde gesitli etkileri olmustur. Uzun sireli kisittamalar ve blylk yasam tarzi degisiklikleri, hassas
bireyleri ve tip 1 diyabet (T1D) gibi kronik hastaliklari olanlari etkileyebilir. Bu derlemede, COVID-19 karantinasi/
pandemisinin ergenlik, cocukluk ¢agi obezitesi ve diyabeti Uzerine etkisini arastiran makaleler derlenerek
pediyatrik endokrin pratiginde sik karsilasilan bu durumlara COVID pandemisinin etkisi ortaya koyulmaya
cahisiimistir.
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Introduction various effects on children and adolescents.

) ) Prolonged restrictions and massive lifestyle
COVID-19 (The coronovirus disease 2019) changes can affect susceptible individuals

pandemic created an unprecedented stra.ir.1 on and those with chronic diseases, such as
health care and t.he. Iockdown forF:ed millions people with type 1 diabetes (T1D) [2]. In this
of people to remain isolated in their homes for
months [1]. During the pandemic, children could
not attend to school, they spent much more time
at home and remained inactive. Moreover, they
spent much more time on screen-based activitiy
(personal compoter (PC), cell phones, music COVID-19 pandemic and puberty
players, tablets, game consoles and television

(TV). Undoubtedly, these conditions have had Puberty is character-ized by t.he increased
release of gonadotropin releasing hormone

review, we aimed to investigate the effects of
the COVID-19 lockdown/pandemic on puberty,
childhood obesity and diagonosis and follow-up
of subjects with diabetes.
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(GnRH) by the hypothalamus and leads to the
development of sex characteristics, the growth
spurt and the reproductive competence. Puberty
is influenced by integrated multiple peripheral
and central signals [3]. Definitely, genetic
factors play a major role. However, there is a
consensus that environmental variables, such
as weight, foetal nutrition, childhood dietary
habits, physical activity, psychological factors,
and exposure to electromagnetic fields (EMF)
and/or endocrine disrupting chemicals, also
have an impact [4].

It is possible that there are correlations
between lockdown/pandemic conditions and the
frequency of precocious puberty and the rate
of pubertal progression. Comprehensive data
about this topic is scarce. Probably, lockdown/
pandemic conditions increased the impact of
factors interfering with the timing and tempo of
puberty, such as adiposity, electronic devices,
psychological triggers [4, 5]. A study from Italy
shows a significantly increased incidence of
new diagnoses of central precocious puberty
(CPP) and a faster rate of pubertal progression
in previously diagnosed patients during and
after the lockdown for COVID-19 in comparison
with the same period of the 5 previous years
[4]. In the same study, it is shown that BMI SDS
increased significantly in patients diagnosed
during and after the lockdown compared to the
same period of the previous 5 years [4]. Another
study from ltaly also reported a significant
increase in cases of precocious puberty in girls
from the beginning of COVID-19 pandemic,
compared to the same 6 months period of 2019.

The authors conclude thatlong stays athome,
overeating with hypercaloric foods, overnutrition
trigger puberty. Additionally education changes
with a significant rise of e-learning, extremely
uncommon in primary schools before the
pandemic, resulted in a larger use of electronic
devices, as tablets or personal computers,
among children. All these changes may have
changed the onset of puberty [6].

Nutrion plays a role in the timinig of puberty
[7]. Itis not clear how obesity induces the onset of
puberty, but visceral fat accumulation has been
noted as a metabolic control factor affecting the
central nervous system, which controls the onset
and progression of puberty, particularly through
early activation of periodic GnRH secretion [8].
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Closures of schools reduced physical activity,
expanded sedantary activities and cause the
increase of childhood obesity. Recent studies
revealed that changes in lifestyles associated
with COVID-19 lockdown caused the increase
of obesity prevalence among children and
adolescents [9, 10].

A number of studies have recently
investigated the effects of exposure to
electromagnetic fields on melatonin [11, 12].
Screens emit low and very low frequency
electromagnetic waves (radiofrequencies and
light) and exposure to them may be associated
with decreased melatonin production and 24-
hour melatonin in children’s urine [12]. Night-
time serum melatonin levels are highest in very
young children and drop progressively by 80%
throughout childhood until adolescence and
young adulthood. Sexual maturation process
was found to be associated with the decrease
in melatonin measured at night [13]. There is
no clinical studies that experimentally tested
the effects of melatonin on pubertal timing in
children. Animal studies show that exogenous
melatonin can suppress GnRH secretion and
reduction in melatonin may accelerate pubertal
development [14]. It is possible that the over use
of electronic devices during pandemic period
leads to the onset of pubertal development by
decreasing melatonin.

In a study, the evaluation of the use of
electronic devices before and during the
lockdown for COVID-19 was questioned and
significant increased was observed. The main
study use was for school lessons, but also the
use for entertainment was increased [7]. One
study from ltaly confirms that the observation
of increased incidence of CPP after lockdown
measures. Additionally, in their population,
girls with CPP showed higher rates of sleep
disturbances and later bedtime compared to
controls [15].

During COVID-19 pandemic increased
incidence of stress, anxiety and depression have
been reported to varying degrees in adults [16],
however so far there is little data how children
in all countries responded psychologically to
crises. The effects of psychological stress on
the development of puberty are not clearly
known. Stagi et al. [9] reported the importance
of psychological factors in precocious puberty in
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children migrating from developing to developed
countries.

In conclusion, studies have shown an
increase in the incidence of new CPP diagnoses,
as well as a faster rate of pubertal progression
in previously diagnosed patients, during and
after lockdown for COVID-19, suggesting that
environmental factors, such as the BMI and the
use of electronic devices. Further studies are
needed to confirm our knowledge. Clinicians
should be aware of the signs of pubertal
developmental disorders and should carefully
monitor existing patients with CPP for signs of
accelerated pubertal progression.

COVID-19 pandemic and childhood obesity

Obesity is a global public health challenge
whose incidence has increased worldwide over
the past five decades, reaching pandemic levels
[17]. The pathophysiology of excess weight gain
is complex with interactions between genetic
factors, environment and behavioral factors
[18]. The COVID-19 pandemic contributed to
the increase in childhood obesity by affecting
environmental and behavioral factors. On the
other hand, the pandemic may cancel out the
existing efforts to curb the obesity epidemic [10].

‘Stay-at-home’ has been ordered by many
countries around the world, in order to restrict
the spread of COVID-19. Some countries went
into complete lockdowns with only allowance to
go out for essential shopping and for restricted
physical activity. This led to a number of families
panic shopping and storing long shelf life foods
that are typically ultra-processed and calorie-
dense in order to minimize their trips to the
supermarket [19]. A recently published lItalian
study found that the intakes of potato chips, red
meat, and sugary drinks increased significantly
during the lockdown [20].

Lockdowns are stressful periods. Among
all affected, the youth is particular vulnerable
population. Lack of in-person contact with
classmates, friends, and teachers, and a
possible lack of personal space at home are
stressors disrupts in children’s life during
pandemic lockdown [21]. As a consequence,
stress-eating of readily available high calorie
dense food and sugary beverages ensues
[20]. Such actions enhanced the susceptibility
to weight gain especially if the amount of daily
physical activity was reduced due the restrictions

implemented [22].

School closures currently impact over 91%
of the global student population. Children
are literally forced to stay at home and are
exposed to a different environment than usual
[21]. Pre-COVID-19 studies reported that
children had higher tendencies to experience
weight gain during the summer holidays due to
decreased physical activity [23]. According to a
study published in 2016 it has been found that
obesity increased during summer breaks, by an
average of 0.85 percentage points per month
(95% C.1. 0.58-1.12), but decreased during each
school year [24]. This findings would project
that childhood obesity may be 4.25 (0.85x5)
percentage points (95% C.l. 2.90-5.60) higher
after five months of COVID-19 school closures
than before the closures began [25]. According
to Brazendale et al. [26], obesogenic behaviors
such as sedentary behavior, increased screen
time, a poor diet, and irregular sleep are
beneficially regulated when children follow a
structured day. It is difficult to establish a clear
structure for children during pandemic period
at home. Closures of schools reduced physical
activity opportunities and expanded sedantary
activities [19]. Ruopeng An, from USA, designed
a study and aimed to build a microsimulation
model to project the impact of COVID-19 on
childhood obesity in the USA. The model predicts
that even a 2-month school closure alone could
result in an increase in the childhood obesity
rate by 0.640 percentage points among U.S.
kindergarteners. If school closures continue
to the end of 2020, the childhood obesity rate
in the United States might further increase by
2.373%. If such an impact is universal among
all U.S. children aged 5-17 years, by March
2021 approximately 1.27 million new childhood
obesity cases will develop [27].

During the first wave of COVID-19, leisure
centres including playgrounds were closed off,
with an advocacy to stay at home [28]. Children
living in urban areas or within small apartments
are faced with limited space or opportunities
for physical activity and hence they are more
susceptible to weight gain [19]. Although higher
screen time was beneficial for educational
purposes and social communication between
children, this can further exacerbate sedantary
habits and increase risk for obesity [29].
According to Fang et al. [30], a screen time of
22 hours per day significantly increased the
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risk of overweight and obesity among children
compared to a screen time of <2 hours per day.
Pietrobelli et al. [20] reported that screen time
increased by approximately five hours per day
when compared to the pre-COVID-19 period.
Moreover, increased screen media exposure
leads to obesity in several ways, including
increased eating while viewing [31].

Limited studies have showed the relationship
between COVID-19 pandemic and obesity
and activity pattern. A recent study in Italy has
explored the changes in lifestyles associated
with COVID-19 lockdown among 41 children and
adolescents with obesity. It revealed that sports
activities decreased, sleep time increased, and
screen time increased significantly [20]. This
reflects life style changes in western countries.
On the other hand, from China, Yang et al. [10]
reported that, the prevalence of overweight/
obesity has significantly increased in youths,
specifically in high school and undergrade
students during pandemic. Also they reported
that significant changes during COVID-19
lockdown have been observed in patterns
of all physical activity, sedentary, sleeping,
and screen use variables, with more youths
increasing their sedentary, sleeping, and screen
time relative to their counterparts who had
decreased their physical activity frequency.
This study suggested that school administrators
should also be informed of these changes, so
in-class and/or extracurricular physical activity
programs could be designed to counteract them
[10].

Consequently, physical activity should be
recommended while maintining social distance.
We should promote an active lifestyle among
children. Families, educational and healthcare
systems should engage in supporting system to
deal with childhood obesity.

COVID-19 pandemic and type-1 diabetes

Since the beginning of the pandemic,
COVID-19 caused a significant concern for the
possible consequences in patients presenting a
preexisting chronic condition, such as diabetes
[32]. In particular, the majority of the more
severe COVID-19 diabetic patients are adults
affected by type 2 diabetes. This is due to the
pre-existence of micro and macrovascular
complications [33]. Several studies conducted
for investigate if all patients with diabetes are
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at risk for COVID-19. These studies show that
the prevalence of subjects with T1D affected by
COVID-19 is not different from the prevalence
of diabetes in the general population [34, 35].
This may be due to the lower prevalence of
the COVID-19 among younger people [36].
Moreover, alertness of the T1D patients’ to the
evolving situation and the careful, precautionary
approach they could have taken in protecting
themselves before the contagion could strike
them [37].

Patients with T1D seem to have a mild
form of the disease. The human immunity
to foreign antigens, viruses depends on the
balance of the Th1 and Th2 immunity. The Th1
immunity is mostly proinflammatory, mediated
by T lymphocytes and modulated by IL-6 and
Interferon Gamma and its mode of action is
against pathogens like Coronavirus. The Th1
immunity is mostly proinflammatory prevalent
in the younger age and also T1D versus Th2
immunity. The milder course of the disease in
T1D cases could be explained by an imbalance
between Th1 and Th2 immunity [38].

The Diabetes Study Group of the ltalian
Society for Pediatric Endocrinology and
Diabetes investigated that in the first two months
of pandemic in Italy, the new onsets of T1D are
less than those in the same period of 2019. On
the other hand, children with DKA presented
a more severe form of DKA than in 2019. The
lower number of new-onset diabetes cases
during the observation period might be due to
fear of SARS-CoV-2 exposure and also lower
exposure to seasonal viruses [39]. Specific
strategies are essential to educate parents
about timely attendance at the emergency
for children with symptoms that are related to
diabetes.

On the other hand, there are some
publications abouth diabetic ketoacidosis
precipitated by COVID-19 in recent days
[40, 41]. Angiotensin-converting enzyme 2
(ACE2), a key enzyme in the reninangiotensin-
aldosterone system (RAAS), catalyzes the
conversion of angiotensin Il to angiotensin
ACEZ2 is highly expressed in the lungs, pancreas
and serves as the entry point for SARS-CoV-2.
After endocytosis of the virus complex, ACE2
expression is downregulated (40). The binding
between the viruses and the receptors provokes
a damage of the islets leading to acute diabetes.
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Downregulation of ACE2 after viral entry can
lead to unopposed angiotensin I, which may
impede insulin secretion. These factors might
have contributed to the acute worsening of
pancreatic beta cell function and precipitated
DKA [40].

It is not clear that alterations of glucose
metabolism that occur with a sudden onset
in severe COVID-19 persist or remit when
the infection resolves. Another unknown
point is if COVID-19 change the underlying
pathophysiology and the natural history of the
patients with preexisting diabetes. Beyond the
well-recognized stress response associated
with severe illness, more studies are needed
to understand potential diabetogenic effect
of COVID-19. So far to our knowledge, it is
plausible to presume that the pandemic will
trigger an increase of T1D cases during the next
months/years, especially in people infected by
SARS-CoV-2 that are genetically predisposed
to diabetes [42].

Moreover, the pandemic was a major
challenge in the follow-up of T1D. Pandemic
conditions force a distortion in T1D patients
daily routine, increasing sedentary behavior,
changing eating patterns and exposing to
psychological burden. Barchetta et al. [2] from
Italy reported that, adults with T1D, blood
glucose control significantly worsened as a
consequence of the COVID-19 lockdown.
They emphasize that socioeconomic issues
and psychological burden display detrimental
effects on glucose variability even in patients
with T1D treated with standard of care therapies
and previously in good metabolic control. On
the other hand, some published studies show
that, despite this unexpected change of lifestyle,
patients of all ages with T1D did not experience
deterioration in their glucose control during
lockdown. Bonora et al. [43] analyzed a group
of adult T1D patients using data collected by
remote monitoring of glucose sensors and they
observed individuals with T1D who stopped
working during lockdown significantly improved
their glucose control while those who continued
working (essential services) showed no change
in glucose control. They interpreted this result
that slowing down routine daily activities can
achieve beneficial effects on the short-term
management of T1D. Moreover, Di Dalmazi et
al. [44] analyzed patients with T1D (30 children,

24 teenagers,76 adults) using continuous
glucose monitoring (CGM). CGM metrics
during the 20 days before and the 20 days after
lockdown were calculated. CGM parameters
during lockdown improved in children, whereas
remained unchanged in teenagers. They
concluded that, this improvement may reflect
the relevant impact of the family environment,
in which the mealtime was more regularly
distributed during the day and the parents
of patients with T1D might have payed
closer attention to the management of T1D.
Furthermore, they speculated that the influence
of the family environment for T1D control may
be less relevant in teenagers, differently from
children [44]. As a similar study, Aragona et al.
[45] evaluated the effect the lockdown imposed
during COVID-19 outbreak on the glycemic
control of people with T1D using CGM or Flash
Glucose Monitoring (FGM). They reported that,
in T1D subjects with good glycemic control on
CGM or FGM, the lockdown had no negative
impact. In addition, they recorded a modest but
significant improvement in glycemic control,
most likely reflecting more regular daily life
activities and reduces work related distress [45].
Consequently, during the lockdown/pandemic
condition, the family environment would seem
to be more attentive or more dedicated in
controlling the disease. Nevertheless, the long-
term effects of pandemic and the factors that
affect glucose control in this particular situation
deserve future investigation.

In this pandemic period, routinely medical
activities were reduced. People with a chronic
illness would have been deprived by their follow-
up checkups, if it were not for telemedicine.
Telemedicine offers a way to be close to
patients with T1D, gives a better continuity of
the assistance and healthcare and fastens and
simplifies the communication between doctors
and patients [46].

As a conclusion, It is clear that COVID-19
pandemic has several effects on children and
adolescents. The future will reveal the extent
to which the COVID-19 pandemic will affect
puberty, childhood obesity and diabetes.
Nevertheless, governments, schools, and
families must make all possible efforts to
minimize the impact of the COVID-19 pandemic.
The diabetogenic potential of SARS-CoV-2 is a
matter of current research with proponents for
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and

against the idea. Further studies will help

delineate the pathophysiology.
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