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IMPACT OF LIFE ACTIVITY IN CONDITIONS OF DIGITAL ENVIRONMENT ON THE STUDENTS’
ORGAN OF SIGHT

Obrubov SA, Markelova SV =
Pirogov Russian National Research Medical University, Moscow, Russia

The growth of eye disease incidence in the juvenile population amidst increasing visual load, which, among other factors, results from the use of electronic devices
(ED), outlines the search for effective preventive measures, geared towards preservation of health of young people. The study was aimed to assess the impact of life
activity upon exposure to digital environment on the organ of sight in schoolchildren and college students. The study was carried out in 2017-2020 at Dolgoprudny
gymnasium and Pirogov Russian National Research Medical University. A total of 805 schoolchildren and college students underwent ophthalmologic examination.
Accommodative response was registered with Speedy-K Ver. MF-1 autorefractor keratometer (Japan). A standardized questionnaire, tailored by the authors to
meet the requirements of the study, was used to assess the regime for the use of ED by students. Inclusion criteria: schoolchild, college student, ophthalmologic
examination data and submitted informed consent available, correctly completed questionnaire. Statistical processing was performed using the Statistica 13.0
software. All students were the ED owners. Only 9.9% of primary school students, 2.7% of secondary school students, 1.9% of senior secondary school students,
and 0.9% of college students did not use ED every day. Significant negative correlation was revealed between the students’ vision acuity and the daily total time
of using the ED, as well as the duration of the ED continuous use (p<0.05). Accommodation weakness was detected in 88.76% of students with early stage of
myopia; accommodative response close to normal was less common (11.24%). The increase in daily total time of using the ED by 2 hours and more results in
higher prevalence of functional vision problems (p<0.05), and the trend of increasing the number of high myopia cases. The data obtained define the need of
improving the students’ hygiene training starting from the preschool age.
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BJIMAHUE XKU3HEQEATENIbHOCTU B YCNIOBUSAX LIM®POBOW CPE[blI HA COCTOSAHVE
OPrAHA 3PEHUA OBY4AIOLLINXCA

C. A. O6py6os, C. B. Mapkenosa =
Poceuincknii HaumoHanbHbIN NCCNEROBaTENLCKNA MeanUMHCKUN yHBepcuteT umM. H.. Tuporosa, Mocksa, Poccrs

PocT noparkeHHOCTW OETCKOro Hacenenns 60ne3HsaMn rmasa Ha (HOHe YBENMMYEHUSt 3PUTENIbHON Harpy3KKM, OBYCIOBMEHHON, B TOM YCIE MCMONb30BaHVEM
ANEKTPOHHBIX YCTPOUCTB (3Y), onpemenser nouck aP@EKTVBHbIX Mep MNPOMUNAKTUKM, HaMpPaBneHHbIX Ha COXPaHeHwe 340poBbA Monoaexu. Llenb
NCCNefoBaHNst — U3yYeHne BIMSHUS >KM3HEeLeSTeNbHOCT B YCNOBUSIX LMMDPOBOA Cpefbl Ha COCTOsiHME OpraHa 3peHWUs LUKOMBHUKOB W CTYLEHTOB.
ViccnepoBanve BbinonHeHo B nepwog 2017-2020 rr. Ha 6a3e LonronpygHeHckor rumHadun n PHAMY um. H.. Tnporoga. MNMpoBefeH ohTanbMONOrmHecKumin
ocMoTp 805 LIKOMBHUKOB M CTYAEHTOB. PerncTpaumio akkoMomZaumMOoHHOro OTBeTa MPOBOAWIM C MOMOLLBIO aBTOMATUHECKOro akkomogorpada Speedy-
KverMF-1 (dnoHuns). Ons ndydeHns pexxkima 1ncronb3oBaHus Y obyqalolMNCs MpUMEHEH CTaHAapTU30BaHHbIA ONPOCHUK, afanTUpPOBaHHbIA asTopamm s
Liene nccnenoBaHns. Kputepum BKIFOYEHNS: LKOMBHUK, CTYAEHT, Hanyme odTansMONorM4eckoro 0CMoTpa U MOAMMCaHHOMO MHDOPMUPOBAHHOIO COMnacus,
KOPPEKTHO 3amnonHeHHbIN onpocHrK. CTatnctnyeckas obpaboTtka nposefeHa nocpedctsom Statistica 13.0. Bee yyawmecs nmvetot 3Y. Vicnonbsytor Y He
Kapkablin AeHb Tonbko 9,9% Mnaglmx LKONbHUKOB, 2,7% ydalluvxcst cpefHelt Wwkonbl, 1,9% cTaplueknaccHnkos, 0,9% cTyaeHToB. BbisiBneHbl 3Ha4nMble
oTpyLaTeNbHbIE MOKa3aTeny KO3MMULIMEHTOB KOPPENALMN MEXOY OCTPOTOM 3PEHVs 0BYHatOLLIMXCH 1 AHEBHBIM CyMMapHbIM BPEMEHEM WCMONb30BaHNA Y
B TeYeHVe OHSA, NMPOAOIKUTENBHOCTLIO X HEMPEPLIBHOMO MCMob30BaHMA (p<0,05). Y 0byHarowmxca ¢ Ha4abHOM BiIM30PyKOCTBIO CNaboCTb akkOMOAALIMN
oTMevanack B 88,76% cnyyaes, pexe (11,24%) BbISBNANCS aKKOMOLALMOHHbIA OTBET, MPUOAVKAIOLLMIACS K HOPMaUibHbIM MokasaTensMm. YBenmyeHe JHEBHOMO
CYMMapPHOro BPeMEHN MCMOoNb30BaHKs QY NepBOKMACCHUKaMM 2 Yaca 1 6ofee BbI3bIBAET YBENNHEHME PACIPOCTPaHEHHOCTU (PDYHKLMOHANBHbBIX 3a00n1eBaHuni
rnasa (p<0,05) 1 TEeHAEHLMIO K YBENMHEHMIO H1Ca MAOMW BLICOKOI CTEneHW. Mony4eHHble AaHHble onpefenstoT HEOOXOANMOCTb COBEPLUEHCTBOBAaHNSA MPUEMOB
TUINEHNYECKOrO BOCMUTaHNS 00YHatOLLMXCS, HaqMHas C AOLLKOSIbHOrO Nepvoaa.
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Fig. 1. Accommodative response assessment with the Speedy-K Ver. MF-1 autorefractor keratometer (Japan)

The rapidly growing usage of Internet technologies, including
among children, adolescents and youth, together with younger
age of users and increased duration of the Internet use by young
people, were noted in the UNICEF Annual Report 2017 [1].

Digital environment substantially changes childhood and
adolescence due to its contribution to many social processes
(acquiring information and education, communication and
maintaining social ties, entertainment and leisure activities,
engagement with society and lifestyle) [2—-8].

However, it is important to note the declining health of the
juvenile population, especially the visual organ health. This gives
relevance to development of preventive measures that would
reduce adverse effects of digital environment on the health of
younger generation [9, 10].

The study was aimed to assess the impact of life activity
upon exposure to digital environment on the organ of sight in
schoolchildren and college students.

METHODS

The study was carried out at Dolgoprudny gymnasium
(Moscow Region) and Pirogov Russian National Research
Medical University in 2017-2020. A total of 805 schoolchildren
and college students underwent ophthalmologic examination
(150 primary school students, 130 secondary school students,
200 senior secondary school students, 325 college students).

Visual acuity was assesed using the Golovin-Sivtsev table
inserted in the Roth apparatus. The assessment results were
presented in the following format: Vis" ., csi0n (OD=..., OS=...).
Malinovsky test was performed [11, 12].

Accommodative response was registered with the
Speedy-K Ver. MF-1 autorefractor keratometer (Japan) (Fig. 1).
Monocular vision was tested. Visual stimuli were presented to
patient at varying distances from the eye (from infinity to 20
cm), and refractive state was determined. Then the stimulus
with this refraction value was presented (conditions for
emmetropia were established). Later refraction of the stimulus
was increased stepwise by 0.5 D: -0.5 D,—1.0D,—1.5D,—2.0
D, etc. (up to -5.0 D). Refractometer measured eye refraction
amidst visual load applied many times during the study, and
the data obtained went into computer to be processed and
displayed in the form of diagrams. Indicators (coefficients) that
characterized the ciliary muscle function were evaluated for
quantification and comparative evaluation of dynamic changes in
accommodography. Coefficients were calculated in the automatic
mode using the specially designed software. Accommodative
response coefficient reflects the degree of ciliary muscle tension.
[t depends on the ratio between the accommodative response
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and the accommodative stimulus at each “stage” of the study.
Growth (decrease) in the accommodography was evaluated
using the accommodography growth coefficient. Coefficient
of microfluctuations is the coefficient of high frequency ciliary
muscle microfluctuations [13].

The questionnaire, developed by specialists from the
Research Institute of Hygiene and Health Protection of Children
and Adolescents, used in multicenter studies aimed at providing
medically safe digital technologies to children, was used as
a basis and tailored to meet the requirements of the study
reported. All authors had the following practitioner certificates:
“Hygiene of Children and Adolescents”, “Ophtalmology”. The
inclusion criteria were as follows: schoolchild, college student,
informed consent submitted, ophthalmologic examination data
available, questionnaire, correctly completed by the respondent
or his/her legal representative. Exclusion criteria: different age
group, no ophthalmologic examination data available, no
correctly completed questionnaire. Correlation analysis was
used to define the nature of the relationship between the
students’ visual acuity and their daily total time of using the
ED, as well as the duration of the ED continuous use (p<0.05).

The study involved no risk to participants and met the
requirements of biomedical ethics and the Declaration of
Helsinki (1983). The study was approved by the Ethics
Committee of Pirogov Russian National Research Medical
University (protocol No. 159 dated November 21, 2016).

Statistical processing of the data was performed using the
Statistica 13.0 software package.

RESULTS

No schoolchildren and college students not using electronic
devices were found. Only 9.9% of primary school students,
2.7% of secondary school students, 1.9% of senior secondary
school students, and 0.9% of college students did not use
electronic devices every day. The students use stationary
(personal computer, laptop) and mobile (smartphone, tablet)
devices on a daily basis both during school day and during
holidays.

Daily total time of using all electronic devices by children,
adolescents and youth during school day and during holidays
is presented in Table 1.

High daily total time values of using the ED both during the
school day and during holidays were obtained for all categories
of respondents.

During the period of study, the daily total time of using the
ED (both in educational and leisure activities) was about 2.0
hours in primary school students, 5.5 hours in secondary school



ORIGINAL RESEARCH

students, 8.0 hours in senior secondary school students, and
11.0 hours in college students.

During holidays, the daily total time of using the ED by
primary school and secondary school students increased by
an average of 0.8-1.3 hours and accounted for 2.8-3.3 hours.
In senior secondary school students and college students, the
daily total time of using the ED increased by an average of
1.7-3.7 hours (p<0.05).

When studying the students’ organ of sight by computed
accomodography, it was found that ciliary muscle insufficiency
(weakness) was the most common accommodative state,
which was in line with the data reported in literature [14].

Accommodation weakness was detected in 88.76% of
students with early stages of myopia (Fig. 2). Accommodative
response close to normal was less common (11.24%) (Fig. 3).

The values of accommodative response obtained in
schoolchildren with initial stages of myopia suggest poor blood
circulation in long posterior ciliary arteries [15].

The relationship between the students’ visual organ
condition and the daily total time of using stationary and mobile
electronic devices during the school day and during holidays is
presented in Table 2.

Significant negative correlations were revealed between the
students’ visual acuity and the daily total time of using the ED,
as well as the duration of the stationary and mobile electronic
devices continuous use (p<0.05) [16].

It is shown, that with the first graders daily total time of using
the ED increased by 2 hours and more, a significant decrease in
a number of individuals with functional or chronic eye problems
among them is observed. The prevalence ofaccommodative
problems is increased (p<0.05), and the trend of increasing the
number of high myopia cases is noted (Fig. 4).

DISCUSSION

Active development of the electronic industry over the past
few decades has resulted in wide use of electronic devices,
including by students in their life activities. Our findings illustrate
the use of various ED types by the absolute majority of students,
frequent and long-term use of ED by children, adolescents and
youth during their studies, and increased visual load during
holidays. The relationship between the increased duration of
the stationary and mobile electronic devices continuous use,
daily total time of using the ED and reduced visual acuity,

Table 1. Students’ daily total time of using electronic devices during the school day and during holidays, M+m, min.

Daily total time of using the electronic device

Students - - -
During the school day During holidays
Primary school students 109.5+24.0 154.9+27.0
Secondary school students 315.9+50.0 393.3+60.0
Senior secondary school students 485.5+30.0 709.8+35.0*
College students 663.2+17.0 767.1+£19.0*

Note: * — p<0.05
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Table 2. Relationship between the students’ visual acuity and the time of using stationary and mobile electronic devices, R*

Time of using electronic devices oD (o]
Daily total time of using
personal computer -0.74 -0.65
mobile electronic devices -0.58 -0.57
Duration of the electronic device continuous use
during the school day -0.87 -0.81
during holidays -0.71 -0.60

Note:* — p<0,05
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Note: 1 — p<0.05 — number of first graders with normal vision;

2 — p<0.05 — number of first graders with the loss of accommodation;

3 — p<0.05 — number of first graders with low myopia;

4 — p<0,05 — number of first graders with moderate and high myopia.

More than 2 hours per day

[l Low myopia
[ Normal

Fig. 4. Diseases of the eye and adnexa in first graders depending on the daily total time of using the stationary and mobile electronic devices in educational and

leisure activities, 2020,%

increased prevalence of functional problems and chronic eye
diseases in students had been established.

The long-term effects of using the electronic devices remain
unknown. However, various short-term effects on the organ
of sight, such as dry eye, burning eye, redness, blurry vision,
floaters and diplopia, resulting from the use of ED, are often
reported both in domestic and foreign literature sources [17, 18].

This group of symptoms is known as computer vision
syndrome, which can affect the users of both stationary and
mobile electronic devices. According to some reports, this
syndrome affects 40% of office workers, “spending at least
half of their time in the office” [19].

The relationship between the organ of sight disorders and
the electronic device use duration was noted by some other
authors. Thus, the relationship between using the smartphone
by adolescents for over 2 hours per day more than doubled the
number of complaints of pain and dry eyes [20].

The symptoms listed above do not last and vanish on
cessation of using the ED [21].

A whole range of measures has been developed for prevention
of such organ of sight disorders. However, children, adolescents
and youth show low level of awareness of the issue, and,
therefore, does not acquire skills of safe ED use, which adversely
affects their health, i.e. the organ of sight health, compromises
their quality of life and reduces their effectiveness [22].
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Such organ of sight disorders may result from impaired
function of accommodation system. The condition of the
accommodation system affects dynamic refraction, which
in turn affects central vision. Underestimation of the role of
accommodation in the development of a number of disorders
may leave the students unaided and limit their visual performance
at any age. Enhanced accommodation associated with the
long-term use of electronic devices in children can promote
postnatal growth of eyeballs and increased eye refraction. Weak
accommodation precedes myopia, is considered the first sign
of myopia, and accompanies the clinical course of myopia [15].

We believe that the accommodative dysfunction revealed
may be due to dysregulation of the ciliary muscle function
resulting from altered vegetative processes, which leads to
hemodynamic changes in the ocular circulation due not only
to mechanical stretching of the sclera, but also to unbalanced
vascular tone neurogenic regulation [23].

Moreover, changes in choroidal perfusion can also be the
probable cause of myopia progression in schoolchildren. It
can be assumed that in case of increased choroidal perfusion
choroid can become the source of excessive retinoid levels
(retinoic acid, RA), which are unused in the biochemical
reactions in the retina of individuals with myopia, and are
accumulated in the known receptors of the sclera, being the
closest structure [24-26].
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RA accumulation in the sclera results in altered proliferation
and differentiation of fibroblasts [27].

Further development of research in this field could
contribute to eye protection in children, adolescents and youth
in the context of exposure to digital environment [28-30].

CONCLUSION

Wide use of electronic devices by children, adolescents and youth
against the background of increased incidence of the diseases
of the eye and adnexa is of deep concern to ophthalmologists
and hygienists. Studying the organ of sight disorders’
pathogenesis and the revealed negative correlation between the
students’ visual acuity and the duration of continuous use and
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