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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

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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ВЛИЯНИЕ ЭЛЕКТРОННЫХ УСТРОЙСТВ НА ФИЗИЧЕСКОЕ РАЗВИТИЕ СОВРЕМЕННОЙ МОЛОДЕЖИ 
И РЕКОМЕНДАЦИИ ПО РЕГЛАМЕНТУ ИХ ИСПОЛЬЗОВАНИЯ  

Влияние частого и длительного использования электронных устройств (ЭУ) на состояние здоровья молодежи до сих пор недостаточно изучено. 

Исследования по регламентации использования стационарных и мобильных ЭУ для обеспечения оптимального физического развития молодежи 

становятся особо актуальными. Целью работы было установить характер и степень влияния использования ЭУ на физическое развитие молодых людей 

и рекомендовать режим использования ЭУ в течение дня для профилактики возникновения отклонений в физическом развитии. Для определения 

физического развития 460 старшеклассников и 598 студентов использовали гигиенический, инструментальный, социологический, статистический 

методы исследования: стандартную антропометрическую методику; для оценки психоэмоционального состояния — тест Спилберга–Ханина; для 

учета использования ЭУ проводили анкетирование с применением стандартизированных опросников. При среднем суммарном ежедневном времени 

использования ЭУ у старших школьников, составляющем 7 ч, и у студентов, равном 8,5–10 ч, нормальное физическое развитие выявлено в среднем 

только у 60% обследованных, причем это не связано с регионом проживания или типом образовательного учреждения. Показано, что частое и 

длительное использование ЭУ молодежью служит одним из факторов, способных вызвать отклонения в физическом развитии. Установлено, что 

ежедневное использование стационарных ЭУ увеличивает риск возникновения у подрастающего поколения нарушений в физическом развитии за счет 

дефицита массы тела на 24% и его избытка на 10%. В качестве профилактических мероприятий рекомендованы отказ от использования стационарных 

ЭУ, компьютера и ноутбука на 1 день в неделю (в выходной день) и ограничение суммарного времени использования всех видов ЭУ до 3 ч в день. 
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состояние, школьники, студенты

Для корреспонденции: Екатерина Петровна Мелихова
ул. Студенческая, д. 10, г. Воронеж, 394036; katerina.2109@mail.ru 

1 Российский национальный исследовательский медицинский университет имени Н. И. Пирогова, Москва, Россия
2 Воронежский государственный медицинский университет имени Н. Н. Бурденко, Воронеж, Россия

Статья получена: 04.07.2019 Статья принята к печати: 18.07.2019 Опубликована онлайн: 23.07.2019

DOI: 10.24075/vrgmu.2019.046

Информация о вкладе авторов: О. Ю. Милушкина и Н. А. Скоблина — научное руководство, обработка материала, написание статьи; С. В. Маркелова, 
И. И. Либина и М. В. Попов — сбор и обработка материала; А. А. Татаринчик — анализ литературных данных, сбор и обработка материала; 
Е. П. Мелихова — сбор и обработка материала, редактирование статьи.

Соблюдение этических стандартов: исследование одобрено этическим комитетом ФГБОУ ВО РНИМУ имени Н. И. Пирогова Минздрава России 
(протокол № 159 от 21 ноября 2016 г.); для каждого обследованного было получено добровольное информирование согласие.

In recent years, information and communication technologies 
(ICT) and in particular electronic devices (ED) have been 

increasingly recognized as a significant environmental factor 
affecting young people’s health [1–8]. 
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Over 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 

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/m2)
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. 

Table 1. Characteristics of body types

Type Characteristics Prone to developing body weight deficit Prone to gaining excess body weight

Asthenic,
 weak

Slender, flat-chested, lean, with weak musculature; 
epigastric angle < 90°

Yes No

Thoracic, 
weak

Slender with elliptical chest, average muscle 
development, low fat mass; epigastric angle < 90°

Yes/no No

Muscular, 
strong

Broad in shoulders, with symmetrical elliptical chest, 
average or well-developed musculature, average 

or increased fat mass; epigastric angle = 90°,
No Yes/no

Abdominal, 
strong

Broad, with short cone-shaped chest, average muscular 
development, prone to fat deposition; epigastric angle ≥90°

No Yes
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Table 2. Growth parameters and body composition in high-school and university students presented as mean values (M ± m)

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

Growth parameters
High-school University

boys girls males females

Height, cm 175.5 ± 0.4 165.4 ± 0.5* 176.9 ± 0.5 165.9 ± 0.3

Body weight, kg 65.0 ± 1.0 55.2 ± 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** 15.9 ± 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 22.9 ± 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 ± 0.4 3.6 ± 0.5

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% CI 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/m2 and 20.1 ± 3.3 kg/m2 for high-
school boys and girls, respectively. In the group of university 
students, BMI was 23.04 ± 3.7 kg/m2 and 21.28 ± 3.5 kg/m2

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/m2. However, as many 
as 20.3% of male and 15.6% of female university students 
participating in the study had BMI over 25 kg/m2.

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 

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; р < 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 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 
deficit

Frequency of exposure 
to stationary ED (every day)

2.13 23.6 0.29 0.88

Excess body 
weight

Frequency of exposure 
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; р < 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%.

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 (p < 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 

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

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

In this study, we were able to assess the impact of ED 
on the physical development of young people. The study 
demonstrates that daily exposure to stationary ED increases 
the risk of inharmonious physical development caused by 
weight deficit or excess weight gain by 24% and 10%, 
respectively. Because no risks were identified associated with a 
different frequency of exposure to stationary ED, we believe that 
introducing at least one ED-free day into a weekly schedule is 
a good safety measure that will also give a student more spare 
time for physical activities. 

The fact that the use of stationary ED once or twice a 
week promotes body weight deficit only in asthenic children 
and excess weight gain only in the abdominal type speaks 
in favor of our proposal. At the same time, regular daily use 
of stationary ED can cause health problems in any body 
build type. 

The study demonstrates that the impact of ED on high-
school and university students should be assessed in the 
context of its total duration, meaning that we should account 
for both classroom and recreational screen time and the use of 
both stationary and mobile ED. Reducing total screen time to 
3 hours a day would be an effective measure for preventing 
body weight deficit or excess weight gain. However, one should 
bear in mind that young people tend to respond negatively to 
strict measures, so positive health promotion should also be 
included in to the equation [28–30]. 

Because it takes a certain time for the body size and 
composition to change, we additionally assessed the impact of 
ED on more labile psychoemotional parameters. We found that 
university students who use stationary and mobile ED below 
3 hours a day have a lower level of anxiety. 

Sedentary behaviors associated with ED result in the lack 
of physical activities, which is key to understanding the results 
yielded by the study. Its deficit prevents muscle mass from 
developing and promotes fat deposition. The effects of frequent 
and prolonged use of ED can be presented as the following 
chain of events: frequent and prolonged exposure to ED → 
prevailing sedentary behaviors → reduction in physical activity → 
reduced muscle mass and growing fat mass → deviation from 
normal physical development and growth.

Our study does not cover the whole range of possible 
consequences of frequent and prolonged exposure to ED. For 
example, we have not investigated the effect of ED on muscle 
strength and lung capacity in young people.

CONCLUSIONS

Frequent and prolonged use of ED by young people is one of 
the factors that could interfere with their normal growth and 
physical development. This factor however, can be controlled. 
Safety measures include total elimination of a computer or 
laptop from daily activities at least once a week (at the weekend) 
and reduction of total screen time to 3 hours a day. It is also 
important to promote healthy lifestyles, educate young people 
about the consequences of ED overuse and their role in health 
problems, including obesity.
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