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ABSTRACT

The COVID-19 pandemic has had impact on life on a global scale, however, one of the most affected aspects 
are the teaching and learning practices. Advances in technology have made distance learning a good alter-
native option for on-site learning, as students can both interact with one another and with the tutor, use 
audio, video, text to learn, as well as use the internet for research purposes. However, this mode of education 
will extend throughout 2020 and early 2021, which could have negative implications on the health and body 
functions of university students. This review aims to shed light on the negative consequences of the pro-
longed technology-based, remote online learning on the students’ wellbeing. Therefore, in this review we will 
discuss some of the physiological functions and body systems which could be affected during the COVID-19 
pandemic in an attempt to suggest preventive measures in advance for safe technology-based learning.
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Introduction

COVID-19 is a highly infectious disease  trans-
mitted through close contact, occurring due to 
infection with acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2). Since the outbreak of 
the disease, it has affected the entire world and 
resulted in millions of deaths [1]. Internet-based 
learning is an academic method of distance edu-
cation that has become common in the wake of 
the COVID-19 pandemic [2,3]. Moreover, advanc-
es in technology have greatly facilitated stu-
dent-teacher communication in the teaching pro-
cess. This stems from the fact that students can 
interact with each other and with the teacher, use 
audio-visual and text messages in addition to 
using the internet for research, especially during 
of the COVID-19 pandemic [4]. 

The pandemic-related lockdown was dou-
ble-bladed in regard to university students. This 
may be attributed to the positive attitudes which 
have developed in students, particularly stu-
dents of medicine, towards their communities. 
In fact, a number of medical students in vari-
ous countries have volunteered to assist in the 
ventilation therapy, and to help the nurses in the 
health care practice during the pandemic. Their 
participation met with encouragement and grat-
itude from their colleagues and families, which 
was subsequently enthusiastically welcomed 
by the students  [5,6]. Another positive aspect 
which emerged in the course of the pandemic is 
the students’ involvement  in the support of vul-
nerable groups, as well as in the COVID-19-relat-
ed research practice [7]. Additionally, the learn-
ing practice has granted college students more 
time for studying instead of attending classes 
nearly every day, which in turn, has been posi-
tively reflected on their academic performance 
and grades [2]. 

In spite of the positive aspects that have been 
documented in many countries in response to 
COVID-19 pandemic emergency, there are certain 
drawbacks and negative consequences of the 
quarantine which may affect the learner’s health. 
For instance, students have received their edu-
cation on-line, seated in front of their lap-
top screens, mobile phones, or computers at their 
homes [8]. Notwithstanding the benefi ts of this 
technology-based remote education, this method 
presents several disadvantages, in particular as 

its effects may only appear following a long peri-
od of using technology [9]. Even though electronic 
devices may be equipped with cutting-edge dis-
play technology, looking at the screens of smart 
mobile devices can lead to severe vision strain 
and pain [10]. Furthermore, it is worth bearing in 
mind that excessive smartphone use has been 
linked to mental, cognitive, emotional, physiologi-
cal, and neurological alterations, which should be 
taken into account [11]. In South Korean adoles-
cents, excessive smartphone use was associated 
with impaired family and friendship relationships, 
impulsiveness, and low self-esteem. In fact, the 
studies demonstrate that individuals who use 
smartphones extensively present with poor con-
centration, diminished numeric processing skills, 
increased impulsivity, hyperactivity, and negative 
social involvement [11]. 

Therefore, in this review, we aim to highlight 
the negative consequences of technology-based 
learning on body functions during the pandemic. 
The underlying aim is not to incriminate new tech-
nology, but rather to identify the possible com-
plications, and thus to prevent the side effects 
early, in order to maximize the benefi ts of modern 
technology in teaching and learning. A summary 
comparison regarding the advantages and disad-
vantages of online technology-based learning is 
shown in Figure 1.

Methods

In this narrative review, we used PubMed/Med-
line and google scholar as search engines for 
the studies related to our topic in the last 10-year 
period (2010–2021), as well as the related litera-
ture which appeared in the last 20 years.  More-
over, a search via the related studies on PubMed 
has been performed. The keywords which have 
been used were as follows: "headphones or ear-
phones or tablets or smartphones or technolo-
gy-based learning, or online learning” and “tin-
nitus, otitis media, hearing loss, noise-induced 
hearing loss, telecom workers, infection, hyper-
acusis, asthenopia, eye strain, myopia, head-
ache, migraine, sleep, memory, cognitive impair-
ment, dietary habits and lifestyle”. A summary 
of the possible negative consequences of pro-
longed technology-based learning is presented 
in Table 1.
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Effects on the Eye

Smartphones have been widely used nowa-
days not only for telecommunication, but also as 
a means of learning, playing games, and social 

communication on the internet [12]. In fact, mil-
lions of students use computers and mobile 
phones also for learning, in addition to other dai-
ly uses, such as entertainment and social com-
munication, particularly during the COVID-19 

Figure 1. This graphical abstract shows the advantages and disadvantages of technology-based learning. Although there are numer-
ous benefi ts of online learning, as demonstrated on the right-hand side of the fi gure, it is vital to note it may also negatively affect body 
functions as presented on the left-hand side of the fi gure. Additionally, certain disadvantages may result in other negative aspects, 
e.g. in tinnitus which, when severe, can lead to disturbed sleep. In fact, sleep disturbances are a known cause of cognitive and memory 
defi cits. Moreover, visual fatigue increases the strain on the neck and shoulder, leading to pain, and may eventually cause headaches

Table 1. The possible negative effects of the technology-based learning on body organs and functions

Body Organ Effects References
Eyes Blue light: toxic to photoreceptors. [15,17]

Asthenopia +/- corneal epithelial damage, conjunctival 
hyperaemia and a decrease in visual acuity.

[12] 

Affected posture control system. [16,17]
Computer Vision Syndrome. [18]
Tired, sore/aching, irritated, watery, and hot/burning eyes. [10]
Reduced blink rate and amplitude. [21]
Myopic shift. [18]

Ears Hearing loss. [28]
Tinnitus. [31]
Ear Infections. [32]
Hyperacusis. [33]

Musculoskeletal 
system

Neck and shoulder pain. [36]
Tendonitis and carpal tunnel syndrome. [37–39]

Sleep Sleep disorders and anxiety. [44]
Memory and cognitive disturbances. [46,47] 
Increased sleep time. [48]
Poor sleep quality. [49]

Food habits and body 
weight changes

More frequent cooking instead of fast food consumption. [53]
Weight gain or weight loss. [48,52]

Headache and migraine Increased incidence of headache and migraine. [58,59]
Increased prevalence of aura. [59]
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pandemic and the lockdown [13]. Interestingly, 
smartphones emit blue light which negatively 
affects the eyes [14], therefore, their prolonged 
use could result in vision damage, since blue light 
is highly toxic, due to the fact that it has a short-
er light wavelength than other colors, and hence 
can damage the receptor cells [12,15]. 

Asthenopia, Visual Acuity, and Blink Rate
Asthenopia (eye fatigue or strain) constitutes 
one of the conditions which affects the eyes 
as a result of a long-term daily use of comput-
ers and tablets. It may be accompanied by such 
symptoms as corneal epithelial cell damage, 
conjunctival hyperemia, and a decrease in visu-
al acuity [12].  Moreover, prolonged visual fatigue 
can negatively affect visual feedback processing 
and the posture control system, which is associ-
ated with the integration disorders between the 
visual feedback, the vestibular organs, and the 
somatosensory control [16,17].  In fact, studies 
demonstrate the emergence of “Computer Vision 
Syndrome; CVS” which affects more than 60 mil-
lion people worldwide. This syndrome comprises 
symptoms including asthenopia, sensitivity to 
light, blurred vision, itchy eyes, and the sensa-
tion of a foreign body in the eye [18].  Moreover, 
the results have shown that visual fatigue is sig-
nifi cantly increased if persons look at computer 
screen, or a tablet for 1 hour, even though these 
screens are equipped with state-of-the-art tech-
nology [10]. Another study has reported that the 
symptoms of CVS are common among health 
sciences students at King Saud Bin Abdulaziz 
University for Health Sciences (KSAUHS) in Jed-
dah, who use a variety of technological devic-
es. Interestingly, female students, both observ-
ing the display glare and those wearing glasses, 
were considerably more likely to experience CVS 
symptoms. On the other hand, long-term device 
use has not been associated with an increase in 
the severity of CVS symptoms [19]. Nevertheless, 
another study involving adults (20–26 years old) 
has demonstrated that using computers has more 
adverse effects on the ocular surface and the tear 
fi lm when compared with smartphones [20]. 

Blink rate data associated with smartphone 
and tablet use are contradictory, and may possi-
bly be related to the complexity of the measure-
ment, whereas research on blink amplitude is 
scarce. Blink rate and amplitude are frequently 

observed to be reduced when using a computer. 
Furthermore, digital devices, such as PCs, may 
also have a negative impact on tear stability. 
Although tear volume is reduced with computer 
use, there is little evidence to substantiate the 
impact of mobile devices on tear volume. In fact, 
the current literature does not present a defi nitive 
link between variations in binocular vision, blink-
ing, or the ocular surface with ocular and visual 
discomfort complaints reported in relation to the 
use of hand-held digital devices [21]. However, as 
pointed out in the studies, 1 hour of using smart 
mobile phones increased the mean total astheno-
pia score from 19.59 8.58 to 22.68 9.39 (p = 0.001). 
Besides, looking at a smartphone screen sub-
stantially increased the ratings for fi ve fac-
tors (tired eyes, sore/aching eyes, irritated eyes, 
watery eyes, and hot/burning eye). Considering 
the expanding openness to PC shown in everyday 
life, more rules and investigations are expected in 
order to maintain visual wellbeing [10].

Myopic Shift
Myopic shift is one of the most prominent effects 
following prolonged computer and mobile phone 
use, and is the consequence of a long-term effort 
to adapt to the constant use of laptops [18]. Myo-
pia is a condition in which the patient can see 
the near objects clearly, but not the distant ones. 
In turn, myopia can later lead to further compli-
cations, such as retinal detachment and cata-
racts [22]. It is worth bearing in mind that mobile 
devices differ from desktop computers in terms 
of the location and viewing distance, screen 
size and brightness, as well as with respect to 
user behaviour. When using mobile devices, eye 
accommodations change with greater latency 
and less amplitude, whereas when using smart-
phones and tablets, fusion convergence is lower 
and the near convergence point may recede [21]. 
Decreased physical activity and an increased use 
of screen devices contributes signifi cantly to the 
reported 25% prevalence of myopia in the group 
of healthy young individuals (16–17 years of age). 
Decreased physical activity for less than 3 hours 
per week, or using screen devices for more than 
6 hours per day are more likely to contribute to 
myopia. Therefore, taking the abovementioned 
fi ndings into account, it seems that physical 
activity may be a protective factor for myopia in 
teens [23].
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Effects on the Ears

Distance education can also affect hearing and 
ears, particularly in view of a long-term use of 
headphones. Nevertheless, there are a limited 
numbers of studies which have described the 
effects of long-term headphone use on hearing 
in adolescents and young adults. However, cer-
tain studies have reported on the side effects of 
long-term headphone use by the telecom servic-
es employees, as well as on music-induced hear-
ing impairments in young adults [24,25]. 

Hearing loss
Hearing loss constitutes one of the most com-
mon communication issues in the 21st century, 
and it is a public health concern, since it impairs 
students' interaction, student achievement, and 
quality of life. According to the studies, the prev-
alence ranged from 0.88% to 46.70% [26]. Nota-
bly, Mazlan et al. have reported that 21.2% of their 
study population suffered from hearing impair-
ment. Nevertheless, they have found an insig-
nifi cant association between hearing loss and 
exposure to sound during headphone use, which 
stemmed from the fact that the high frequencies 
were uninvolved [27]. On the other hand, a Japa-
nese study has reported that employees who use 
earphones in noisy workplaces may be exposed 
to noise-induced hearing loss (NIHL) risk factors, 
such as failure to use appropriate headphones 
or earphones, and the exposure to  sound pres-
sure from the earphones above the occupation-
al exposure limit (Nakao et al. 2014). Similarly, 
in a study on adolescents, the researchers have 
found that a large percentage of the study pop-
ulation (79%) used portable music devices, and 
nearly half used them for prolonged periods of 
time. This population study indicated the inci-
dence of hearing complaints, such as the need to 
repeat utterances and to increase TV volume, as 
well as tinnitus [28]. Another study has been con-
ducted in Poland and found noise-related symp-
toms in telecom employees [24]. The authors of 
this study recommended further research related 
to the use of headphones by the employees due to 
a limited number of studies addressing this issue 
[24,27]. Although the aforementioned studies did 
not focus on the use of headphones or earphones 
by students, they indicate the possible negative 
aspects of their long-term use.

Tinnitus
Tinnitus is the sound perceived in the ear as ring-
ing, buzzing, whistling, occurring constantly or 
intermittently. Severe tinnitus can lead to anxiety, 
depression, irritability, sleep disturbances, stress, 
and sometimes, psychological counselling is nec-
essary  [29]. An interesting study has described 
the effects of different types of music (discos, 
concerts, and listening to music on headphones) 
on adolescents (14–18 years old) of both sexes. 
The researchers reported that 69% of students 
suffered from tinnitus after listening to different 
types of music. The females were more affect-
ed, and complained of tinnitus more frequently 
(41% females vs 27% males) [30]. Furthermore, in 
a Nigerian study on college students of medicine 
similar results were obtained. The study reported 
that the prevalence of earphone use and percep-
tual tinnitus among undergraduates were 95.6% 
and 20.6%, respectively. Over 90% of earphone 
users had used them for three to six years [31]. 
These results indicate the need to develop guide-
lines for headphones and earphones use by the 
students with regard to the type of instruments, 
the amplitude and frequency of the sounds gen-
erated, and the headphones are used.   

Ear infections
Otitis and ear infections are other side effects which 
could result from wearing headphones [27]. These 
conditions are caused by the closure of the ear 
canal by the headphones, which prevents airflow 
to the ear,thus increasing the chance of ear infec-
tion. Additionally, the long-term use of earphones 
may lead to the growth of bacteria inside, which 
in turn leads to infection [32]. In a study assessing 
the effect of prolonged use of headphones in Cus-
tomer Service Representative in Malaysia, it has 
been found that some subjects have suffered from 
chronic middle ear infections, whereas others suf-
fered from a cerumen build-up [27]. 

Hyperacusis
Hyperacusis is one of the side effects of  long-term 
headphones use. It is one of the auditory disor-
ders characterized by extreme sensitivity to cer-
tain sound frequencies, which include everyday 
sounds, although the degree and the type of inju-
ry vary. Some patients fi nd loud sounds highly 
uncomfortable in general, others complain when 
hearing a certain sound, whereas some may suf-
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fer when hearing normal sounds. Therefore, this 
condition may not cause great inconvenience for 
some patients, although it may negatively affect 
the lives in another group [33]. 

Effects on the 
Musculoskeletal system

Incorrect body posture and position may result in 
actual medical issues [34]. In the 1990s and early 
2000s, a signifi cant increase in the prevalence of 
neck and shoulder pain (NSP), as well as in the 
low back pain (LBP) among young people was 
reported, where the use of the internet and new 
communication technologies constituted the 
vital risk factors [35]. Neck and shoulder pain has 
been considered as a mild musculoskeletal dis-
order to some extent, and  performing excessive 
homework and incorrect sitting positions have 
been frequently described as predisposing fac-
tors for neck and shoulder pain among students 
[36].  Due to the fact that many students use their 
computers for long periods of time to maintain 
their grades, often without providing a convenient 
place at home, distance learning may contribute 
to pain and injury, and could subsequently lead 
to more severe injuries. Incorrect posture while 
sitting may cause discomfort, accompanied by 
pain which could develop within a short period of 
time. More severe repetitive stress injuries, such 
as tendonitis and carpal tunnel syndrome may 
develop in the course of months. It is also worth 
bearing in mind that remote learning during the 
COVID-19 pandemic involves students spend-
ing more time at computers, frequently at home  
which may not be as well prepared as a class-
room [37–39].

Computer-related activities are an indepen-
dent risk factor for NSP and LBP. The use of com-
puters for more than 2 to 3 hours daily may be 
considered as a potential risk for developing NSP,  
whereas spending more than 5 hours in front of 
a computer is a risk factor of LBP [35,40]. Consid-
ering the physical problems potentially caused 
by prolonged computer use for online tasks or 
for remote learning, neck pain has been linked 
to a low or high screen position and to a malad-
justed keyboard. In turn, symptoms associated 
with shoulder joints have been associated with 
high screen positioning and shoulder elevation in 

individuals using a computer mouse. Daily use of 
a keyboard for four hours or more has been con-
nected with shoulder and wrist pains, although 
not with neck pain. Moreover, work in front of 
monitors for more than 15 hours per week is 
considered a signifi cant risk factor for NSP. Sig-
nifi cant reductions in musculoskeletal discom-
fort in the shoulder, neck and upper back areas 
have been observed following correct position-
ing of computer users [35,41,42]. Based on the 
above fi ndings, it is clear that proper positioning 
of computers and related equipment is essential 
to prevent LBP and NSP. Furthermore, time spent 
using the technology should be minimised, or at 
least include periods of rest and physical activity 
while studying. 

Sleep Disturbances

Sleep cycle regulation is obtained by means of the 
circadian rhythm, also referred to as the sleep/
wake cycle. The circadian rhythm is the brain’s 
internal clock within the 24-hours which main-
tains the regularity of awakening, and sleepiness 
cycles via reacting to environmental light chang-
es. Furthermore, both the body’s physiology and 
behaviour are affected by the rotation of the earth 
around its axis. The signifi cance of the circadian 
rhythm is rooted in its role in adapting to environ-
mental changes and anticipating the changes in 
temperature, radiation and food availability [43]. 

Sleep Lack and Cognitive Impairments
Long-term mobile use has been associated with 
an increase in sleep disruptions and anxiety, 
which was alleviated when device use ceased 
[44]. Insuffi cient sleep affects memory, recall, 
and judgment, as well as fi ne motor skills. During 
sleep, the body rests while the brain is involved 
in memory processing. Therefore, a lack of sleep 
increases the liability of medical conditions 
involving obesity, hypertension, and diabetes 
[45,46]. Moreover, imaging and behavioural stud-
ies refer to the crucial role sleep plays in the pro-
cess of learning and memorizing, with research-
ers claiming that a lack of sleep impairs the abil-
ity to focus and to learn effectively. Additionally, 
they have reported that sleep is essential for 
memory consolidation to occur, so that informa-
tion can be recalled in the future. A study where 
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participants who were subject to sleep depriva-
tion demonstrated that they were more prone to 
think they were correct when they were, in fact, 
wrong [46,47].  In contrast, a study on medical 
students in Croatia has found that the period 
of lockdown positively affected sleeping time, 
which was reflected by an increased time of sleep 
(+1.5 hrs.) and, therefore, improved the sense of 
refreshment following awakening [48].  

Sleep Quality
According to a Chinese study, excessive smart-
phone use has been associated with poor sleep 
quality in a group of Chinese university students 
from a health vocational institution. Nevertheless, 
due to the study's limited sample representative-
ness and cross-sectional nature, the research-
ers recommended conducting large-scale pro-
spective representative research to confi rm these 
relationships [49]. Another study demonstrated 
that looking at a mobile phone screen for 8 hours 
or longer in a 24-hour period, or using the mobile 
phone for at least half an hour before sleep after 
turning off the lights and keeping the mobile near 
the bed lead to poorer sleep quality. Additionally, 
researchers have also found that mobile-related 
sleep risk factors are common among mobile 
phone users [50]. In fact, limiting cell phone use 
before sleep has been shown to decrease sleep 
latency and pre-sleep arousal and thus improve 
sleep duration and working memory. Therefore, 
moderate cell phone use is recommended for 
subjects with sleep disturbances [51].

Food Habits and Body 
Weight Changes

The lockdown obliged people to stay at home for 
long periods of time, and consequently resulted 
in changes in their dietary habits [52]. The avail-
ability of fresh food has been limited since the 
onset of the COVID-19 pandemic, with custom-
ers spending more time indoors and limiting their 
physical activity. On the other hand, spending 
more time at home may have generated some 
positive outcomes, such as more frequent cook-
ing instead of eating fast food [53]. Neverthe-
less, online learning for long periods of time and 
reduced physical activity in the COVID-19 pan-
demic may have led to weight gain and its sub-

sequent consequences. Additionally, it is impor-
tant to note that even when daily caloric intake is 
maintained, reduced physical activity may lead to 
an increase in body weight [54]. 

In their study, Sidor and Rzymski have 
described the observed changes in dietary habits 
and food choices during the COVID-19 pandem-
ic lockdown. According to their research, more 
than 43.0% of persons reported eating more, 
and about 52% and were snacking more. More-
over, these changes were observed to be higher 
in overweight and obese individuals. Nearly 30% 
of the study population have suffered from an 
increased body weight (mean ± SD 3.0 ± 1.6 kg). 
However, more than eighteen percent have suf-
fered from weight loss (−2.9 ± 1.5 kg). Interest-
ingly, the researchers have found that weight gain 
was more often present in overweight, obese, 
and older participants (36–45 and > 45), where-
as weight loss was more frequent in underweight 
individuals [52]. An interesting study on the medi-
cal students in Croatia has assessed the changes 
in the lifestyle and food habits before and during 
the COIVD-19 related lockdown. The researchers 
have observed a change in eating habits which 
involved an increased consumption of fruits, 
legumes, sweets, and fi sh. In contrast, the con-
sumption of dairy products and white cereals was 
decreased. Additionally, 19% of students have 
noticed weight gain, whereas about 30% have 
observed weight loss during lockdown [48].   

Headache and Migraine

In migraine sufferers, using a smartphone has 
been shown to increase the time of headaches. 
In fact, its excessive use in migraine suffer-
ers has been associated with poor sleep quality 
and daytime sleepiness [55]. Moreover, the visu-
al problems have been shown to be a risk factor 
for developing headaches, as well as head and 
neck pains. An additional factor is the lack of 
vision correction, which increases the strain on 
the visual system and head and neck muscles 
[56,57]. Young adults with extensive exposure to 
screens are more likely to suffer from migraine, 
although no association was identifi ed between 
screen exposure and non-migraine headache 
[58]. On the other hand, another study that includ-
ed 400 patients with recent onset headache and/



Journal of Medical Science 2021;90(3) 165

or patients with primary severe headache who 
were and were not smartphone users found dif-
ferent results.  According to the study, a higher 
prevalence of aura was found in the smartphone 
user group compared to non-smartphone users 
(7.7% vs 17.5%; p = 0.003), although headache 
characteristics were similar in both groups. In 
addition, the researchers determined that smart-
phone use was associated with a greater need for 
pain medication and a shorter period of relief fol-
lowing medication administration. However, they 
recommended a longitudinal study to confi rm 
these fi ndings.[59]. 

Conclusion

The sudden change to remote online learning 
was necessary during the COVID-19 pandemic in 
order to fulfi l the needs of the learning process 
and to simultaneously avoid infection. However, 
prolonged time spent in front of screens, lap-
tops and computers can have an adverse effect 
on students' health and body functioning in the 
future. Therefore, urgent and prompt health edu-
cation programmes for students are required 
aiming at increasing their awareness on how to 
maintain a healthy body during the online learn-
ing process.
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