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Abstract

Obesity is a worldwide problem, and the fact that it increasingly affects children and adolescents is worrying. The COVID-19 pan-
demic and the restrictions introduced affected the physical activity of children and adolescents, and changed their lifestyle and the
amount of time spent in front of screens, which are significant factors correlated with weight gain. Due to the scale of the problem
of obesity and overweight, much attention is currently paid to seeking effective forms of therapy in these different, difficult circum-
stances. Interventions promoting a healthy lifestyle among obese children after the COVID-19 pandemic are particularly important
and necessary. This article provides a review of the literature on the recent worsening of obesity in the paediatric population, with
particular emphasis on the importance of the COVID-19 pandemic. New methods of fighting obesity with the use of telemedicine
and current methods of pharmacotherapy, including new drugs, are presented.
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Streszczenie

Otytos¢ jest problemem globalnym, a szczegdlnie niepokojacy jest fakt, ze coraz czesciej dotyka dzieci i mtodziez. Pandemia
COVID-19 i wprowadzone ograniczenia wptynety na aktywnos¢ fizyczna dzieci i mtodziezy, zmienity ich styl zycia oraz ilos¢ czasu
spedzanego przed ekranem, czyli nasility dziatanie czynnikéw istotnie skorelowanych z przyrostem masy ciata. Ze wzgledu na skale
problemu otytosci i nadwagi wiele uwagi poswieca sie aktualnie poszukiwaniu skutecznych form terapii w tych odmiennych, trud-
nych okolicznosciach. Interwencja promujaca zdrowy styl zycia wéréd otytych dzieci po pandemii COVID-19 jest szczeg6lnie wazna
i potrzebna. Niniejszy artykut zawiera przeglad pismiennictwa na temat obserwowanego w ostatnim czasie nasilenia otyfosci w po-
pulacji pediatrycznej, ze szczegdlnym uwzglednieniem wptywu pandemii COVID-19. Przedstawiono nowe metody walki z otytoscia
z wykorzystaniem telemedycyny oraz aktualne metody farmakoterapii, w tym nowe leki.
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Introduction

According to the World Health Organisation (WHO), in 2020,
39 million children under the age of 5 years were overweight
or obese, and the incidence of obesity among people aged
5-19 years increased from < 1% worldwide in 1975 to 6% in
girlsand 8% in boys in 2016 [1]. Obesity and overweight may be
associated with problems with physical and mental health, and
they can affect the quality of life in childhood and increase the
likelihood of being overweight and having life-limiting comor-
bidities in adulthood [2]. Further increases in childhood obesi-
ty could translate into serious health and economic challenges

and even vulnerability to viral pandemic outbreaks such as
COVID-19. Recently, before the outbreak of the pandemic,
overweight and obesity levels remained at a constant level
in many highly developed countries [3]. However, during the
pandemic, a significant increase in obesity was observed in
many countries [4, 5]. In an American study in Massachusetts,
which assessed the impact of the lockdown on weight sta-
tus among children in the US, anthropometric measurements
of 701 children were analysed before and after the COVID-19
lockdown. During the COVID-19 lockdown, BMI, obesity, and
overweight burdens increased, particularly in younger and
Spanish-speaking populations. It is interesting that the young-
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est age group (2-5 years) had the greatest obesity rate in-
crease (26%) compared to other age groups [6]. Behavioural,
psychosocial, and environmental changes, which, through
a variety of mechanisms, led to widespread rapid weight gain
amongst certain populations worldwide. This phenomenon
was named ‘covibesity’ [7]. Obesity increases the risk of the
development of metabolic syndrome, cardiovascular disease,
childhood-onset type 2 diabetes mellitus, and its associated
complications [8]. The incidence of type 2 diabetes mellitus
(T2DM) in children and adolescents has been growing in re-
cent years [9], which, combined with the increased incidence
of obesity in children, is a prognostic phenomenon of particu-
lar concern, although the incidence of T2DM is still quite low.
As predicted by the SEARCH for Diabetes in Youth study, the
number of adolescents with T2DM in 2050 is likely to increase
4-fold compared to the 2010 level [10]. Data on the increase
in the incidence of diabetes come mainly from non-European
countries (mainly the US). Excessive adipose tissue, deficit in
lean mass, insulin resistance, dyslipidaemia, hypertension,
high levels of proinflammatory cytokines, and low intake of es-
sential nutrients are factors that compromise the functioning of
organs and systems in obese individuals. Obesity was a highly
prevalent comorbidity in severe cases of COVID-19 in children
and adolescents [11]. Non-obese children were usually as-
ymptomatic and even less susceptible to the infection [12].
The COVID-19 pandemic has affected various aspects of life
[13]. Families, including children, had to adapt their daily lives
to new circumstances. A recently published literature review by
Stavridou et al. [14] showed that the main and basic cause of
an increase in obesity rates in children and adolescents was
school closure, along with other coronavirus 2019 (COVID-19)
restrictions that disrupted the everyday routine of children, ad-
olescents, and even young adults, leading to changes in their
eating behaviours and physical activities. A review by Kharel
et al. [15], which included 71 studies reporting data from 35
countries, compared how COVID-19 restrictions affected
children’s and adolescent’s habits. Most studies reported
reduced physical activity, increased screen time, and longer
sleep hours among children and adolescents. Interestingly,
the experiences of individual countries were slightly different:
the decrease in physical activity and the increase in time spent
in front of the screen depended on the imposed restrictions:
usually, the stricter the restrictions in force in specific coun-
tries, the greater the effect. The most important observations
are presented below.

Physical activity

Thirty-four studies found changes in physical activity among
healthy children and adolescents. In 25 of them, a decrease
in physical activity was observed (the highest among children
from Spain and Brazil). It is worth adding that these were the
most affected countries by the COVID-19 pandemic, which
translated into a large number of deaths, infections, and severe
restrictions. In some countries, physical activity did not change;
for example, 8 studies from lItaly, China, Australia, and Poland

observed no significant change in physical activity levels from
before to during the lockdown among children and adolescents
[15]. The situation was different in various countries; surpris-
ingly, German children were more physically active during the
CQOVID-19-related restrictions than before the pandemic. The
restrictions related to the pandemic in Germany were moder-
ate, which allowed for outdoor physical activity with appropriate
social distancing. Moreover, physical activity decreased espe-
cially with higher age of children and with lower socioeconomic
background. Thus, the COVID-19 pandemic worsened the
trend of inactivity, which was alarming even before the pandem-
ic [16]. In one study [17] it was also noted that restrictions relat-
ed to COVID-19 had a negative impact and lowered the level of
physical activity only in previously physically inactive students
and in those who were moderately active, while physically ac-
tive young people increased their level of activity during and
after the introduction of restrictions. A Polish multicentre study
by Zachurzok et al. [18] showed that daily physical activity was
affected by the pandemic leading, to an increase in body mass
index (BMI), especially in obese patients with endocrine dis-
orders. Following the first COVID-19 pandemic lockdown, the
BMI z-scores of children increased significantly, especially in
males. When comparing obese and non-obese subjects, an
increase in BMI z-score occurred in both subgroups; however,
only in obese children was the increase significant. Similar find-
ings were observed in other countries deeply affected by the
COVID-19 pandemic [18]

Exposure to screen

In 31 studies comparing screen time, there was a sharp
increase, varying from 55 minutes a day, to almost 3 hours
a day in Spain [15]. Singaporean and German children spent
1.54 hours and 1.02 hours more, respectively, on-screen during
the pandemic than before the pandemic. Nine out of 10 ltalian
children also spent more hours in front of the screen. Also, ag
Polish study revealed a dramatic increase in children spending
more than 5 hours per day using computers and other elec-
tronic devices during the pandemic [18].

Sleep duration, bedtime, and wake-up time

Twenty-five studies reported changes in sleep duration
among children and adolescents from before to during the
pandemic [15]. Twelve studies reported an increase, 2 report-
ed a decrease, and 11 reported no significant change in sleep
duration. In Spain, children slept for about 45 minutes longer
both during the week and at the weekend. Research from the
UK indicated that children during the lockdown slept less than
before the pandemic. All of them reported that children and
adolescents went to bed later and woke up later during the CO-
VID-19 lockdown than before the lockdown. Sixty-nine per cent
of Italian children and adolescents reported having more diffi-
culty in falling asleep during the lockdown. In contrast, Chinese
pre-schoolers and teenagers had better quality sleep during
the COVID-19 lockdown compared with before the pandemic.
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Children in Canada and Poland also experienced better quality
sleep during the lockdown. According to the study by Zachu-
rzok et al. [18], during the lockdown more children from South-
ern Poland slept more than 8 hours and slept less than 6 hours
than before.

Diet

Consumption of both healthy and unhealthy foods increased
during the pandemic [19]. The COVID-19 pandemic exerted
a disproportionate burden on low-income children and families,
magnifying their vulnerability to both food insecurity and paedi-
atric obesity [20]. In a review by Pietrobelli et al. [21], in addition
to the above-mentioned parameters of lifestyle changes, the
dietin a group of 41 obese ltalian children and adolescents was
also analysed. Data were collected at the start of the lockdown
and after 3 weeks of mandatory home isolation. It was shown
that the amount of vegetables consumed did not change dur-
ing the restrictions, while the consumption of red meat, potato
chips, and sweet drinks increased. In another nationwide sur-
vey among over 10,000 participants in China, people aged
15-28 years voluntarily reported their routine lifestyles (e.g. diet,
physical activity) in the months before and after the COVID-19
lockdown. Significant changes were observed in the patterns
of the variety of food and beverage consumptions during the
COVID-19 lockdown. More participants stopped or reduced
their intake of fresh fruit (12.4%), fresh vegetables (7.2%),
soybean products (11.0%), and dairy products (11.7%) imme-
diately before and after the implementation of the COVID-19
lockdown [22]. Another Polish cross-sectional online survey of
adult Poles, conducted during a nationwide quarantine, aimed
to assess whether nutritional and consumer habits were af-
fected under these conditions. Over 43.0% and nearly 52%
reported eating and snacking more, respectively, and these
tendencies were more frequent in overweight and obese in-
dividuals [24]. In turn, Zachurzok et al. [18] did not observe
differences in the number of meals per day, nor in the number
of snacks, sweets, soda, juices, vegetables, fruit, and fast-food
meals consumed before and during the lockdown over the
whole studied group.

Summing up the disturbing medical data describing the
numerous problems that appeared in the paediatric population
during the pandemic, it seems that an intervention in the field of
physical and nutritional education, promoting a healthy lifestyle
among obese children after the COVID-19 pandemic is current-
ly particularly important and necessary, to mitigate its negative
effects on unhealthy weight gain in children. It is important to
take broadly defined measures to achieve a return to a health-
ier lifestyle as soon as possible, including the implementation
of the updated recommendations of the World Health Orga-
nization (WHO) and the American College of Sports Medicine
(ACSM), according to which it is advisable that all children and
adolescents have an average of 60 minutes of moderate inten-
sity aerobic activity daily exercise. Although lifestyle intervention
(diet and exercise) has remarkable effects on weight manage-
ment, achieving long-term success in weight loss is extremely
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challenging, and the prevalence of obesity continues to rise
worldwide [24].

Telemedicine in the treatment of obesity

The situation related to the COVID-19 pandemic and the dif-
ficulties in accessing traditional healthcare have spread the use
of telemedicine services. Telehealth is a service dedicated to
patients, in which a healthcare professional uses various digi-
tal systems that enable telephone calls, audio-video connec-
tions, and monitoring of obtained results by sending results and
documentation [25]. The high risk of spreading infection both
among staff and patients, limiting the possibility to travel freely
and access to traditional medical care, increased the social ac-
ceptance of this form of contact with healthcare professionals.
In many articles describing the experiences of this new form
of therapy, the authors agree that it is necessary to optimize
telemedicine in paediatric health care and to establish the stan-
dards of such care so that it can be used on a larger scale [26,
27]. In the context of working with an obese patient, the follow-
ing aspects are important in telemedicine: the whole family can
participate in online consultations in real time; digital educa-
tional materials can be used during and after the visit; and con-
trol teleconsultation allows more frequent and easier contact
without exposing patients to costs and wasting time (Fig. 1).

Telehealth, including tele-exercise and tele-nutrition, has
been able to address many of the key challenges in delivering
health services to obese patients during the epidemic. Promot-
ing increased self-control, nutritional support from a dietitian
and psychologist, and sharing training can limit a sedentary
lifestyle and be a very effective form of monitoring an obese
patient. Many therapeutic teams, somehow forced by the situ-
ation, started providing medical advice online during the pan-
demic, although this method was known earlier [26, 28, 29].
Calcaterra et al. [30] presented an integrated model of caring
for obese children by combining telehealth and personal visits.
The proposed procedure requires that the first visit of an obese
patient should be performed in person and successively after
6 and 12 months of follow-up. The patient’s clinical evaluation,
body weight measurements with body composition analysis,
and nutritional advice are carried out at personal visits. Tele-
visits are mainly used to assess the progress of treatment, in-
cluding monitoring body weight, diet, and physical activity —in
this protocol, it should take place after 1, 3, and 9 months of
observation. In addition, the patient can use the training pro-
gram provided at any time. It is worth emphasizing that the ef-
fectiveness of long-term care for an obese patient depends on
the close cooperation of a professional team, which includes
a nurse, dietitian, psychologist, and trainer (Fig. 2).

On the other hand, O'Hara et al. [26] in their article shared
5 years of experience in using telemedicine in paediatric care at
an interdisciplinary paediatric weight management clinic. This
schedule is designed to provide the required high intensity and
frequency that meets the 2017 US Preventive Services Task
Force (USPSTF) recommendation (26 hours of intervention
over 12 months). The first visit usually lasts about an hour and
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Figure 1. The role of telehealth during the COVID-19 era [from 30]

is attended by a doctor and a nurse, a dietitian (RD), a psychol-
ogist, and a trainer; control visits last an average of 30 minutes.
The visits are scheduled quite often: initially 8 appointments
a week, then 8 appointments in 2 weeks, up to 6 appointments
a month. Both patient families and collaborating paediatricians
expressed positive feedback and support for telemedicine,
and the services provided via telehealth were of comparable
quality to those provided in person. The study assessing the
effectiveness of telemedicine [31] confirmed very good results
of such treatment. The authors noted the decrease in BMI of
obese patients aged 10-17 years who remained in the 1-year
Intervention primary care providers (PCPs) and obesity spe-
cialists. Using a cross-over protocol, Group 1 had PCP visits
+ specialist televisits during the first 6 months and PCP visits
only during the second 6 months, and Group 2 followed the
opposite sequence. Each of the 12 televisits was conducted
by a dietitian or psychologist with a patient and parents. The
visit program was very intensive: for the first 6 weeks, visits
were made weekly. Later, follow-up visits were twice a month.
At 3 months, the authors noted a greater decrease in BMI
(z-score) for Group 1 (started with PCP visits + specialist tele-
visits) vs. Group 2 (started with PCP visits only) but the decrease
in BMI at 6 months and at 12 months did not differ between
groups. Patients may have found the program: PCP visits +
specialist televisits to be more helpful than visits only with PCP.
Most of the patients concluded that they would not have been

able to consult obesity specialists if it were not for on-line vis-
its. When asked if in the future they were to choose between
a personal visit and a televisit, the majority chose the telemedi-
cine option. Telemedicine can also be used for selective, inter-
ventional dietary counselling, because paediatric obesity, and
nutrition education for the whole family is the first treatment. In
a study by Rhodes et al. [32], parents of overweight and obese
children were given a 5-week education in a low-carbohydrate
or low-fat diet. Most of the respondents (86%) participated in
at least 4 out of 5 planned interviews. Patients had a decrease
in dietary fat content, counselling was conducive to changes in
healthy eating habits, and parents’ satisfaction with the inter-
views was assessed as high.

Summarizing, telemedicine today offers many opportuni-
ties for good chronic cooperation with an obese patient. It is
a valuable addition to traditional visits, and it increases the at-
tractiveness of meetings. This modern approach to treatment
is well accepted by young people, and thanks to easy access
to group therapy with the participation of the entire therapeu-
tic team or a few patients who motivate each other, it allows
a more lasting effect to be achieved. However, it should be em-
phasized that telemedicine cannot completely replace person-
al contact between the patient and the doctor and other team
members. A well-confirmed method is to combine on-line visits
and traditional ones in a planned schedule, which of course
should be individually matched to the patient’s needs.
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Figure 2. Integrated care model for childhood obesity, combining telehealth and face-to-face visits. Face-to-face visit is proposed
at the first evaluation and at 6- and 12-month follow-up; clinical evaluation (1), body weight control (2), body composition evalu-
ation (3), and nutritional counselling (4) are included. At 1-, 3-, and 9-month follow-up. Tele-consultation for monitoring of weight,
dietary intake, and physical activity is provided. During follow-up, a supervised exercise training program is remotely delivered

3 times per week in a 30-45-min session [from 30]

Pharmacotherapy in obesity in children

The preferred therapeutic strategy for treating obesity be-
gins with a non-pharmacological approach, which relies on the
adoption of interventions aimed at changing lifestyle, including
diet modification, increased physical activity, and behavioural
changes. Drugs intended for the treatment of obesity in chil-
dren are rarely used due to their misconception as drugs with
limited efficacy, safety concerns, and reluctance by patients
and doctors. Pharmacotherapy should be an addition to be-
havioural methods, but it is worth using it if the effects of the
methods used thus far are unsatisfactory [33]. In Poland, an
additional limitation is often the cost of such therapy, because
drugs registered for the treatment of obesity and modern drugs
used in type 2 diabetes are not reimbursed.

Different types of anti-obesity drugs, which have distinct
mechanisms of action, are available; currently, anti-obesity
drugs that have been approved for the paediatric population
by the U.S. Food and Drug Administration (FDA) and the Eu-
ropean Medicines Agency (EMA) are of limited number com-
pared to those approved for adults. The following drugs were
approved by the FDA for the treatment of obesity for adults:
orlistat, phentermine, phentermine hydrochloride/topiramate
extended release, bupropion/naltrexone, liraglutide, and sema-
glutide. As of 2022, only 2 drugs are approved by the FDA for
the treatment of obesity in children: orlistat and liraglutide [34].

108 © Copyright by PTEIDD 2023

In the case of semaglutide, clinical trials in the paediatric group
are currently underway. It is likely that some of the medications
currently used only in obese adults will also be available in
older children. Importantly, registration tests are underway for
the next 2 unimolecular, long-acting incretin hormones gluca-
gon-like peptide-1 (GLP-1) and glucose-dependent insulinotro-
pic polypeptide (GIP) have been reported: NN9709 (formerly
MAR709 and RG7697) — phase Il study of DT2 [35] and tirzepa-
tide (formerly LY3298176) [36]. GIPR/GLP1R co-agonists are
acylated peptides engineered to activate the GIP and GLP-1
receptors, key mediators of insulin secretion that are also ex-
pressed in regions of the brain that regulate food intake. In
May 2022, the FDA approved tirzepatide (Mounjaro — formerly
L'Y3298176) for the treatment of type 2 diabetes in adults [37].
Orlistat (tetrahydrolipstatin) is a potent, slowly reversible in-
hibitor of pancreatic and gastric lipases, which are required for
the hydrolysis of dietary fat in the gastrointestinal tract. It acts
in the lumen of the stomach and small intestine after binding
to the active serine site of gastric and pancreatic lipase; the
inactivated enzyme does not hydrolyse the fat ingested in the
diet in the form of triglycerides to the absorbed free fatty acids
and monoglycerides. Its inhibition of fat digestion reduces mi-
celle formation and, consequently, the absorption of long-chain
fatty acids, cholesterol, and certain fat-soluble vitamins [38].
Orlistat is approved by the FDA for the treatment of obesity in
adolescents (age > 12 years), but it is not approved for children
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in Poland. In the largest RCT of orlistat, in combination with diet,
exercise, and behavioural modification, it significantly improved
weight management in obese adolescents compared with pla-
cebo. The use of orlistat for one year in this adolescent popula-
tion did not raise major safety issues, but gastrointestinal ad-
verse events were more common in the orlistat group [39]. In
the largest paediatric trial, children were randomized to either
orlistat 120mg or placebo 3 times daily for 52weeks. At the end
of the trial, the BMI had decreased by 0.55kg/m? with orlistat
and increased by 0.31kg/m? with placebo. Furthermore, 26.5%
of children in the orlistat group had a 5% or greater decrease in
BMI compared with 15.7% of those in the placebo group [40].

Liraglutide is an acylated glucagon-like peptide-1 ana-
logue (GLP-1), which controls appetite and food consumption,
strengthens the most important signals of satiety, and reduces
the most important signals of hunger, leading to a reduction in
body weight and fat tissue. It prevents the development and re-
duces inflammation of the atherosclerotic plaque, has a benefi-
cial effect on the level of plasma lipids, and improves glycaemic
control in patients with type 2 diabetes by reducing fasting and
postprandial blood glucose [41].

Liraglutide is an anti-obesity medication that is approved
by most regulatory agencies (including the United States Food
and Drug Administration and the European Medicines Agency)
for chronic obesity [42]. In the largest RCT of liraglutide 3 mg
among adolescents (12 to < 18 years old) with obesity, in
which all participants also received lifestyle therapy, the mean
placebo-subtracted BMI reduction was approximately 5% with
one year of treatment. After 56 weeks, a reduction in BMI of at
least 5% was observed in 43.3% of participants in the liraglutide
group vs. 18.7% in the placebo group, and a reduction in BMI
of at least 10% was observed in 26.1% and 8.1%, respectively
[43]. Importantly, no new safety signals were observed in the
adolescent trial in relation to previous adult trials.

It is well known that the consequence of chronic obesity
may be type 2 diabetes mellitus. Although cases of T2DM in
the paediatric population, especially in Europe, are still not very
common, it should be expected that in the context of the rapid
increase of obesity after the COVID-19 pandemic, there may be
more and more children with T2DM. Standard T2DM treatment
includes lifestyle changes (dietary modifications and increased
activity) and pharmacotherapy [44]. Current pharmacologic
treatment options for youth-onset T2DM are limited to 3 ap-
proved drugs: insulin, metformin, and liraglutide [45]. Due to
its good tolerability and high efficacy, metformin is currently the
first-line drug in the treatment of T2DM, and due to its safety and
the lowest number of side effects, it is the most commonly used
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