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THE IMPACT OF ELECTRONIC DEVICES ON THE PHYSICAL GROWTH AND DEVELOPMENT OF THE
MODERN YOUTH AND RECOMMENDATIONS ON THEIR SAFE USE
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The impact of excessive exposure to electronic devices (ED) on youth health remains understudied. There is a pressing need to develop recommendations for the
safe use of stationary and mobile ED aimed at minimizing health risks. In this work, we assess the effect of ED on the physical growth and development of high-
school and university students and provide recommendations for preventing the negative impact of prolonged screen time on health. The study recruited 460 high-
school and 598 university students. Standard anthropometric measurements were taken. The psychological and emotional state of the participants was evaluated
using the Test Anxiety Inventory by Spielberg (modified by Khanin). To estimate daily and weekly exposure to ED the participants were asked to fill out standardized
questionnaires. In high school students, the average screen time was 7 h a day; in university students, 8.5 to 10 h a day. Only 60% of the participants, regardless
of their place of residence or the type of educational institution they were attending, were physically healthy. We conclude that prolonged and frequent exposure to
ED is one of the factors that can interfere with normal physical growth and development in youth. Regular daily use of stationary ED increases the risk of developing
body weight deficit by 24% and gaining excess body weight by 10%. We recommend that students should eliminate computers, laptops and stationary ED from
their daily activities for at least one day at the weekend and reduce total screen time to 3 hours a day.
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BJIUSAHUE SNTEKTPOHHbIX YCTPONCTB HA ®U3NYECKOE PASBUTUE COBPEMEHHOW MOJTOLEXXU
M PEKOMEHOALIMU MO PEMAMEHTY NX UCIMOJ1Ib3OBAHUA
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BnvsiHne 4acToro v AnMTeNbHOro MCMONb30BaHUA SMEKTPOHHBIX YCTPOWUCTB (DY) Ha COCTOSHME 300POBbA MOMOAEXM OO CVX MOP HEeQOCTaTOMHO W3YYEeHO.
ViccnepoBaHus No pernamMeHTaLmy UCnomb30BaHMs CTaLMOHAPHbIX M MOBUIIBHBIX QY s o6ecrnevdeHns OnTYMasbHOro (U3NHECKOrO Pas3BUTUSI MOSIOAEXM
CTaHOBSATCS 0COB0 aKTyanbHbIMU. Llensto paboTbl BbIN0 YCTaHOBUTE XapakTep W CTeneHb BUSHWS UCMob30BaHWS Y Ha msn4eckoe pas3suTvie MooabIX Stoaei
1 PEKOMEHA0BATb PEXUM UCMONb30BaHNA DY B TedeHue AHA AN NPOMUNIAKTUKA BOSHUKHOBEHMS OTKIOHEHWA B (D13MHECKOM padsuTun. [ns onpeaeneHus
hranHeckoro paseuTra 460 CTapLUEKIACCHUKOB 1 598 CTyAEHTOB MCMONb30BaM MMIMEHNYECKUIA, NHCTPYMEHTANbHbIA, COLWMONOrMYECKINI, CTaTUCTUHECKUN
MeTofbl MCCNefoBaHus: CTaHAAPTHYIO aHTPOMOMETPUYECKYIO METOAVKY; AN OLEHKM MCUXO3MOLWIOHANBHOMO COCTOSHUS — TecT Crnunbepra-XanuHa; Ans
y4eTa ncnonb3oBaHnsa OY NpPOBOAWAN aHKETUPOBAHUE C MPUMEHEHNEM CTaHAAPTU3MPOBAHHbBIX OMPOCHUKOB. [1p1n cpeaHeM CyMMapHOM eXXeAHEBHOM BPEMEHM
1CNOMBb30BaHNA JY y CTapLUMX LUKOMBHMKOB, COCTaBNAOLLEM 7 Y, Uy CTYAEHTOB, paBHOM 8,5-10 4, HopMasnibHoe (hr3nHeCKoe pasBUTIE BbISBIEHO B CPeaHEM
TONbKO Yy 60% 06CNeaoBaHHbIX, MPUYEM 3TO He CBSA3aHO C PErvioHOM MPOXMBaHWSA WM TUMOM 06Pa30oBaTENbHOMO yYpeXxaeHVs. MokasaHo, YTo YacToe 1
ONUTENbHOE MCNONb30BaHNe DY MONOAEXKBIO CIY>XXUT OfHUM 13 (DakTOPOB, CMOCOOHBIX BbI3BATb OTKIIOHEHVSA B (PU3NHECKOM PasBUTUN. YCTAHOBNEHO, YTO
©XXEOHEBHOE CMOMb30BaHNE CTaLMOHAPHbIX 3Y YBENMHMBAET PUCK BO3HVKHOBEHWS Y MOAPACTAIOLLErO NOKONEHUS HAPYLLEHWA B (OU3VHECKOM PasBUTUM 3a CHET
Hedvumta Macebl Tena Ha 24% v ero n3bbimka Ha 10%. B kayecTBe NpounakTU4eCKX MepOMNPUSTUIN PEKOMEHA0BaHbI OTKa3 OT UCMOMNB30BaHNS CTaLMOHAPHBIX
Y, KoMnbloTePa 1 HOyTOyka Ha 1 AeHb B HEAENHO (B BbIXOAHON AEHB) 1 OrpaHnYeHre CyMMapHOro BPEMEHM MCMONb30BaHNs BCex BUAOB QY A0 3 4 B AeHb.
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In recent years, information and communication technologies increasingly recognized as a significant environmental factor
(ICT) and in particular electronic devices (ED) have been affecting young people’s health [1-8].
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Qver the last two decades, ED have been actively used both
inside and outside the classroom. In 2008, only 3 quarters of
adolescents and young adults aged 12 to 24 years had access
to Internet; by 2018, the figures had soared to 96.9%. There
are now significantly more Web users who go online every day
among young people than among adults. The growing size
of young Internet audience can be linked to the availability of
mobile ED capable of connecting to the Web, such as mobile
phones in the first place [9, 10].

The use of ICT in the classroom is beneficial for both the
teacher and the student. Although ICT deployment may
not be cheap, the ultimate education costs will be lower in
comparison with “traditional” education. The curriculum can
be adjusted to an individual student’s rate of learning based
on his/her academic progress. There are no strict requirements
on the learning/teaching space. ICT provide effective tools
for monitoring a student’s progress. In turn, any student can
easily access any snippet of information taught during the
course. These ICT advantages provide a possibility for inclusive
learning. Still, some authors hold the opinion that expansion of
computerized education significantly increases health risks for
the students learning in a digital environment [11].

Overuse of ED has a number of negative effects, including
escapism from the real world into the Web, deterioration
of physical and mental health, etc. [12-15]. For example,
research conducted in the educational institutions of Irkutsk
demonstrated that intensive computerized learning negatively
affected intellectual performance, increased anxiety and
stimulated hyperactivity in children [16].

The use of electronic devices by children in preschool
facilities and schools is regulated by a number of special
guidelines, including Sanitary Rules and Regulations (SanPiN)
2.2.2/2.4 1340-03 (Requirements for personal computers and
learning spaces), SanPiN 2.4.1.3049-13 (Safety and health
requirements for the design, maintenance and operation of
preschool educational facilities), SanPiN 2.4.2.2821-10 (Safety
and health requirements for the learning environment in schools),
recommendations on the Safety assessment of e-book readers
and their use in educational institutions, etc. The majority of
these guidelines regulate the use of stationary ED in educational
institutions (but not outside the classroom), leaving mobile
devices out of the equation. This shapes the need for developing
total screen time recommendations for children and teenagers.

In 2015, the Government of the Russian Federation adopted
the Children’s Information Security Concept. The document
highlights the importance of creating a safe information
environment that would promote social adaptation, foster
personal, cognitive, intellectual and physical development,
protect and sustain mental health and wellbeing and stimulate
a positive view of life [17]. A lot of effort has been channeled
into researching the effects of ED on the mental and physical
health of young people and into elaborating safety regulations
on the use of ED. However, to this day the impact of ED on

Table 1. Characteristics of body types

children’s growth and physical development has not been
studied. Therefore, it is important to propose screen time
recommendations for young people in order to ensure their
harmonious physical development, as prescribed by the Concept.
In the study presented below, we assess the effect of ED
on the growth and physical development of high-school and
university students and give screen time recommendations.

METHODS

The study conducted in 2017-2018 recruited 460 high-school
students from Moscow region and 598 university students from
Moscow, Voronezh and Arkhangelsk. The study included high-
school/university students of both sexes who gave informed
consent to participate. The mean age of the participants was
16 years for high-school and 20 years for university students.
At this age young people can choose for themselves how
much they will use ED during the day or at nighttime. Older and
younger individuals were excluded from the study. Because
it takes a certain time for the body size and composition to
change, the impact of ED should be assessed in the context of
its total duration. The age groups included in the study had a
sufficiently long experience (over 10 years) of using ED.

Our multicenter study included schools with standard and
advanced curricula, as well as gymnasiums (schools preparing
students for university), and higher educational institutions
specializing in 1) public healthcare and medical sciences, 2)
mathematics and mechanics. The educational institutions were
located in different climate zones.

First, we assessed the growth and physical development
of high-school and university students using a conventional
anthropometric method and instrumentation. Body height
(cm) was measured with 0.5 cm precision with a standard
anthropometer measuring set. Body weight was measured with
100 g precision using an InBody 230 analyzer (Biospace; South
Korea). The obtained values were compared with regression
scales available for the regions involved in the study.

Considering that body weight and height may not provide
sufficient information about the effect of the studied factor on
the growth and physical development of the participants, we
additionally analyzed the body composition using an InBody 230
analyzer (Biospace; South Korea). This allowed us to estimate
muscle mass (kg), fat mass (kg), and body mass index (kg/m?)
and to provide weight management recommendations (the
amount of weight the subject was recommended to gain or lose).
Reference values returned by the analyzer corresponded to the
normal ranges adopted in the Western clinical practice. BMI was
compared to the values recommended by WHO (18.5-24.9).

Because different body builds are considered to be prone
to developing different weight statuses, we determined the
body build for each participant using a classification proposed
by Shtefko and Ostrovsky and modified by Darskaya [18].
Characteristics of body types are presented in Table 1.

Type Characteristics Prone to developing body weight deficit | Prone to gaining excess body weight
Asthenic, Slender, flat-chested, lean, with weak musculature;
. ) - Yes No
weak epigastric angle < 90
Thoracic, Slender with elliptical chest, average muscle
e . o Yes/no No
weak development, low fat mass; epigastric angle < 90
Broad in shoulders, with symmetrical elliptical chest,
Muscular,
average or well-developed musculature, average No Yes/no
strong ) L . A
or increased fat mass; epigastric angle = 90°,
Abdominal, Broad, with short cone-shaped chest, average muscular
o ) e o No Yes
strong development, prone to fat deposition; epigastric angle =90
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Psychological and emotional states of the participants were
assessed using the Spielberg-Khanin anxiety inventory [19].

In the second part of our study, we asked the participants
to fill out standardized questionnaires designed at the Research
Institute of Hygiene and Health Protection of Children and
Adolescents (National Medical Research Center for Children’s
Health) [20]. The questionnaires allowed us to assess the
frequency of exposure to ED, its total daily and weekly duration.

Lastly, the obtained data were processed using Statistica
10.0 (StatSoft; USA). We tested a hypothesis about the impact
of frequency and duration exposure to ED on the physical health
in young people. Arithmetic means, the standard error of the
mean and the standard deviation were calculated. Student’s
t-test was applied to assess significance of differences.
For continuous quantitative variables, Pearson’s correlation
coefficient was calculated. For discrete qualitative variables,
contingency tables were built; relationship between the
variables were assessed using Pearson’s correlation coefficient.

Relative risks (RR) were calculated to estimate the probability
of a certain outcome in the groups. Four-field contingency
tables were constructed and analyzed using the online statistical
calculator [21]. The 95% Cl was also computed.

RESULTS

In the first part of our study, we measured the main growth
parameters: body weight and height, which had typical age and
sex-related peculiarities. No regional differences were observed
between university students in terms of weight and height
(Table 2). Using regional regression scales, we established
that only 60.6 + 1.2% of high-school boys, 56.8 + 2.4% of
male university students, 61.2 + 2.7% of high-school girls, and
63.3 + 1.5% of female university students were developing
harmoniously.

BMI was 21.1 + 3.2 kg/m? and 20.1 + 3.3 kg/m? for high-
school boys and girls, respectively. In the group of university
students, BMI was 23.04 + 3.7 kg/m? and 21.28 + 3.5 kg/m?
for males and females, respectively. According to WHO
recommendations, the normal BMI range for the studied age
group is between 18.5 and 24.9 kg/m?. However, as many
as 20.3% of male and 15.6% of female university students
participating in the study had BMI over 25 kg/m?.

Body weight deficit was observed in 24.2 + 1.5% of high-
school boys, 30.6 + 2.1% of high-school girls, 10.5 + 1.2% of
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male and 21.8 + 2.3% of female university students. Excess
weight was observed in 12.2 + 2.1% of high-school boys,
6.2 = 1.1% of high-school girls, 24.6 + 1.2% of male and
12.0 + 1.5% of female university students. The rest of the
participants were obese. On the whole, high-school students
were prone to developing body weight deficit whereas university
students, to gaining excess weight.

The analysis of body composition revealed that unlike
height, fat mass was increasing with age (p < 0.05) in both boys
and girls. Importantly, the children were not building muscle
mass, regardless of their sex. This is an alarming trend: children
with body weight deficit do not develop sufficient muscle mass
and, therefore, do not join the ranks of their normally growing
peers. Although the total body weight was increasing with age
in our participants, it was largely due to fat accumulation. Young
people with excess body weight continued to accumulate more
fat. Based on the analysis of body composition, high-school
and university students were recommended to increase their
muscle mass by an average of 2 to 4 kg; additionally, university
students were recommended to reduce their fat mass by an
average of 2.5 kg (Table 2).

Additionally, we determined body build types of the young
people included in the study. Relatively weak types (asthenic
and thoracic) accounted for 40.0% of the participants, whereas
relatively strong types (muscular and abdominal) made up
25.0% of the participants; the rest of the high-school students
did not represent any particular build. Such distribution is normal
for the general population. We found a correlation between the
deviations from normal growth caused by weight deficit and
the abdominal body build (Pearson’s correlation coefficient was
0.72; p < 0.005).

The alarming number of high-school and university students
with abnormal body weight raises a question of their underlying
causes and prompts investigation of ED contribution to body
weight deficit and obesity.

In the second part of the study, the participants reported
that they used different types of ED every day, including
mobile phones, laptops, tablets, computers (ranked here in
the descending order). Only 0.5% of the surveyed did not use
ED. In this respect, no significant differences were observed
between boys and girls, male and female university students,
high-school and university students or the participants from
different regions. This suggests that ED are enjoying wide
popularity among young people in the general population.

Table 2. Growth parameters and body composition in high-school and university students presented as mean values (M + m)

Growth parameters High-school University

boys girls males females
Height, cm 1755+ 0.4 165.4 + 0.5* 176.9 £ 0.5 165.9 + 0.3
Body weight, kg 65.0+1.0 552 +1.1* 72.4 £ 0.9* 58.7 £ 0.7**
Fat mass, kg 10.1+£0.2 13.0+0.1* 13.9+0.2" 159 + 0.3"*
Recommended fat mass reduction/increase, kg 0.2 +0.01 0.2 +0.01 -2.5+0.05 -2.4 +0.04
Muscle mass, kg 30.1+£0.7 229+0.8" 33.0+£0.5 23.3+£0.7
Recommended muscle mass reduction/increase 3.7+0.7 3.9+0.6 1.8+04 3.6 +0.5

Note: * p < 0.05 — between high-school boys and girls; ** p < 0.05 between high-school and university students.

Table 3. Relative risks of deviations from normal growth patterns in high-school and university students based on the frequency of exposure to stationary ED

Outcomes Factor RR (relative risk) | EF, % (etiologic fraction) | Se (sensitivity of the method) | Sp (specificity of the method)
Body weight Frequency of exposure
deficit to stationary ED (every day) 213 23.6 029 0.88
Excess body Frequency of exposure
weight to stationary ED (every day) 1.59 9.8 0.67 0.47
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The participants used at least 2 different types of ED every
day, such as a mobile phone and a stationary computer or a
laptop, in the first place (Pearson’s correlation coefficient was
0.5; p < 0.001).

The participants switched from their mobile phones to ED
and back throughout the day, which means that total daily
screen time was prolonged. For high-school students, total
daily screen time (inside and outside the classroom) was 7 h.
For male university students, it was 8.5 h and for female
students, 10 h. The observed trends did not differ between the
regions.

Lastly, we investigated the impact of frequent (daily) and
prolonged (in terms of hours) use of ED on the physical growth
of the participants and its contribution to developing weight
deficit or excess weight.

The risks were analyzed. Knowing the risk factors and their
significance will help in developing methods for risk mitigation and
prevention of adverse effects on young people’s health (Table 3).

For body weight deficit, RR was 2.13 (DI: 2,01-2,21), i.e.,
daily exposure to stationary ED increases the risk of body
weight deficit and contributes to negative outcomes. The
etiologic fraction was as high as almost 24%; apparently, other
factors made their contribution, too.

For excess body weight, RR was 1.59 (DI: 1.11-3.15); the
etiologic fraction was 9.8%.

25 —

23.3

%

3 hours 4 hours

and less

5 hours

With mobile ED and a different frequency of weekly exposure
to ED, no risks were identified. Perhaps, exposure to stationary
ED leads to the reduction of physically active behaviors, thereby
affecting the growth and development of a child.

However, the analysis of correlations between fat mass
and the duration of exposure to either stationary or mobile ED
expressed in hours reveals statistically significant (o < 0.05)
correlations between fat mass and the duration of exposure
to a computer or a laptop (0.45) and a mobile phone (0.55).
Perhaps, the opportunity to use mobile phones in a sitting
position in wi-fi zones in public transport, shopping malls, and
parks turns the phone into a stationary device.

We also determined the total daily exposure time to
stationary and mobile ED that did not have a negative impact
of young people’s health (Fig. 1-2).

The analysis reveals that safe daily screen time is below
3 hours a day. Considering that there are always children,
adolescents and young people in a population whose physical
development is not harmonious, a 5.0% body weight gain
(relative to the reference values) ensuing from 4 hours of daily
exposure to ED would be acceptable if 4 hours of screen time
a day were not correlated with a sharp increase in body weight
deficit (up to 21.0%).

We also analyzed the correlations between the abnormalities
in physical growth of high-school students with different body

8 hours
and more

6 hours 7 hours

Fig. 1. Body weight deficit in high-school and university students exposed to different amounts of screen time a day

30

25 —

20

%

15

10 —H

4 hours

3 hours
and less

5 hours

27.3

8 hours
and more

6 hours 7 hours

Fig. 2. Excess body weight in high-school and university students exposed to different amounts of screen time a day

BECTHVK PrMY | 4, 2019 | VESTNIKRGMU.RU



builds and the frequency of weekly exposure to stationary ED (a
computer or a laptop).

Body weight deficit was observed only in asthenic children
(100%) from the subgroup of individuals who used ED once
or twice a week. Exposure to ED 3 to 4 times a week was
associated with body weight deficit in both asthenic (80%) and
muscular (20%) types. Regular daily exposure to ED affected
asthenic (60%), muscular (20%) and thoracic (20%) types.
We conclude that it is not only “weak” types who can develop
body weight deficit, which they are prone to, but also “strong”
muscular types, who usually do not have this propensity.

Excess weight was observed in the children with abdominal
body build (100%) who used ED once or twice a week. Exposure
to ED 3 to 4 times a week was associated with excess weight
in abdominal (75%) and thoracic (25%) types. Regular daily
exposure to ED affected abdominal (50%), thoracic (25%) and
muscular (25%) types. We conclude that the “weak” thoracic
type usually not prone to accumulating fat can develop excess
body weight associated with exposure to ED.

Besides, after frequent and prolonged exposure to a
combination of stationary and mobile ED, high-school and
university students complained of fatigue (26% and 58%,
respectively). Prolonged screen time also triggered anxiety.
University students who used ED over 5 hours a day had a
high level of anxiety (48.2 + 2.6 points on the anxiety scale);
students who used ED 3 to 5 hours a day scored 42.1 +
1.6 points (moderate anxiety) and those who used ED 1 to 3
hours a day scored 36.1 + 1.2 points (moderate anxiety). The
analysis revealed statistically significant correlations between
anxiety and the duration of exposure to ED expressed in hours
(r=0.66; p < 0.05).

DISCUSSION

In a population, there are always children, adolescents and
young people whose physical development is not harmonious.
In the last decade, the number of Moscow residents with
excess weight and weight deficit in the age group of 8 to 17
years has risen to 11.5% and 22.3%, respectively, which is
consistent with the reports of other researchers [22, 23].

Our findings demonstrate that this trend is gaining
momentum. Only 60% of the participants could boast
harmonious physical development. This was not determined by
their place of residence or the type of educational institution
they were attending. According to the population studies
conducted before ED became omnipresent, at that time 68%
of the population were developing normally [22]. The negative
trend we observed prompts investigation of ED contribution to
body weight deficit and excess weight in young people.

Frequent and prolonged exposure to ED significantly
changes the lifestyle of modern students, stealing time allocated
for sleep and physical activities [24, 25].

Overuse of ED and obsession with modern ICT has a
profound impact on the wellbeing of children and university
students, increasing anxiety, causing sleep problems and other
health problems [26, 27].
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