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Abstract.

BACKGROUND: Many individuals experience visual symptoms associated with near work. The level of discomfort appears
to increase with the amount of digital screen use.

OBJECTIVE: To study the eye discomfort with near tasks in university students in the pre-COVID period and in the period
of confinement due to the pandemic.

METHODS: Two independent samples of students, aged between 18 and 35 years, were used to assess symptomatic behaviour
with the Convergence Insufficiency Symptom Survey (CISS) questionnaire. In the pre-COVID period the sample had 342
participants, 64.6% females and in the COVID period 322 students participated, 71.4% females. The study of differences
was carried out by the Mann-Whitney U test. The interpretation of the statistical inference was performed for a significance
level <0.05.

RESULTS: There was an increase in the number of symptomatic cases in the COVID period without statistical evidence of
differences in the frequency of symptoms reported in the two periods. The dimensions “somatic sensations” and “cognitive
performance” were the typology of symptoms that most contributed to visual complaints with near vision. There was a
significantly different symptomatic behaviour between genders in the period of confinement (p =0.001), worsening in females
and improving in males.

CONCLUSION: These findings suggest that females and males exposed to digital environments, over time, may exhibit
different symptomatic behaviour. Our results suggest that boys adapt more quickly than girls. Factors that predispose to these
changes, aetiology and potential intervention actions still need further study.
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1. Introduction

In recent decades, we have witnessed a digital rev-
olution that has changed and continues to change our
world and our lives. Currently, more than 4.57 bil-
lion people, 59% of the world population, use the
Internet and according to recent estimates, these rates
range between 39.3% (Africa) and 95% (North Amer-
ica) [1], being young adults who most drive the use
of mobile devices [2]. As a result of the intensive
use of new technologies, problems related to health
and well-being of users have been described. Liter-
ature reports problems of a diverse nature, ranging
from psychological and cognitive problems to social,
educational, economic, visual and postural problems
[3-8]. With regard to visual problems, internal symp-
toms related to the user’s focus and coordination
effort between the two eyes and external symptoms
more related to the ocular surface are frequently
reported [5, 8—10]. Postural problems and complaints
about neck pain are also considered precursors of eye
changes and visual symptoms [7, 11].

Digital eye strain is a condition defined as the com-
bination of one or more vision-related symptoms that
result from prolonged use of a computer, tablet, or
mobile phone [8, 12-14]. Subjects who spend two
or more hours using mobile digital devices [15] or
who use more than one device [13] are at higher
risk of developing vision-related symptoms. Subjects
with uncorrected refractive errors, contact lens wear-
ers, people with a history of eye disease, and the
female gender are at risk of developing more severe
symptoms [9, 14, 15]. Students are considered an
audience prone to reporting symptoms due to the
abruptincrease in time spent in front of digital screens
[12, 15].

The coronavirus 2019 (COVID-19) pandemic
forced the home confinement of most of the popula-
tion around the world, including children, adolescents
and young adults who started to have classes taught
in a virtual environment for several weeks [12, 13,
16]. This situation has forced people to stay at home
and use digital devices for work, leisure, vocational
and non-vocational tasks, and the excessive use of
digital devices can have negative consequences for
eyes, from the increase in symptoms of visual dis-
comfort to an increased incidence of visual problems
[12, 13, 17]. This affects especially young people, as
a consequence not only of the excessive use of digi-
tal devices, but also the reduction of outdoor activity,
potentiating a higher incidence and progression of
myopia [16, 18].

Several studies have confirmed that during con-
finement, the time spent on digital devices was
significantly longer than the period before home cur-
few [13, 15]. It is also verified that the number of
mobile devices used is the largest risk factor associ-
ated with complaints related to digital eye strain and
that age is a predictor of its incidence [5, 10]. Females
also seem to be more likely to have symptoms [4, 6,
9,13, 15].

The objective of this work was to evaluate the
level of symptoms of visual discomfort associated
with near tasks, in a sample of university students,
through the Convergence Insufficiency Symptom
Survey (CISS), studying which of the dimensions
of this questionnaire (somatic sensations, impaired
vision and cognitive performance) was the most
affected. It was also intended to compare the level
of symptoms in each of the defined dimensions, in
two independent samples, one collected before the
COVID-19 pandemic and the other collected during
the confinement period.

Study hypothesis: Visual discomfort associated
with near work activities in university students
increased during the COVID-19 lockdown.

2. Materials and methods
2.1. Ethical considerations

The study was carried out within the scope of the
project “Promotion of visual quality of life in stu-
dents” and approved by the ethics committee of our
university. All participants gave their consent to par-
ticipate in the study. Data collection took place in
two distinct phases: phase 1 - before the pandemic
situation due to COVID-19; and phase 2 — during
the period of the second confinement. In none of the
phases personal data was required, nor was it possible
to connect the collected data with academic records.

2.2. Study participants

This is an observational cross-sectional study per-
formed at a Portuguese university, divided in two
stages. In the first stage, pre-COVID, 342 students
participated and in the second stage, in the con-
finement period, a new group of 322 students was
recruited. Sociodemographic data were collected
(age and gender) and data regarding the use of spec-
tacles or contact lenses.
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2.3. Inclusion and exclusion criteria

Inclusion criteria were being university students,
aged between 18 and 35 years. Data from subjects
who did not answer all the survey questions and from
subjects who changed their optical correction less
than two weeks before were excluded.

2.4. CISS questionnaire

The tool used to study the level of symptoms of the
participants was the Portuguese version of the CISS
questionnaire adapted from the original developed by
the Convergence Insufficiency Treatment Trial group
(CITT) [19]. This questionnaire is organized in 15
items in a Likert frequency scale, ranging from 0
(never) to 4 (always) with a total score ranging from 0
to 60. The suggested cut-off point for the CISS score
in the literature for classifying symptomatic adults is
equal to or greater than 21 [20].

The frequency of symptoms of visual discomfort
associated with near tasks and the analysis of each of
the dimensions that constitute it, allows us to analyse
certain conditions that interfere with visual perfor-
mance in a more specific way. The D1 dimension —
somatic sensations - includes 8 of 15 items (score
ranging from 0 to 32), gives information regarding
asthenopia and complaints regarding the ocular sur-
face; D2 dimension — impaired vision - includes 3 of
15 items (score ranging from 0 to 12), gives informa-
tion related to visual changes such as refractive errors,
binocular coordination and focusing ability, which
interfere with the quality of vision; and D3 dimen-
sion — cognitive performance - includes 4 of 15 items
(score ranging from O to 16), can provide information
about the influence of mental state, which interferes
with visual performance [21].

2.5. Procedure

The questionnaire was prepared on the “Google
Forms” platform (Alphabet Inc., Mountain View, CA,
USA) and distributed for students to their institutional
email and social networks, to be filled in electron-
ically. Data from the 1st phase of the study was
collected during 2019. Phase 2 data was collected dur-
ing the second confinement period in Portugal (was
available during the month of March 2021). In the
second evaluation, students were instructed not to fill
the questionnaire in case they had filled it in 2019, in
order to guarantee independent samples.

2.6. Variables

The variables used in the study are the CISS total
score in a first analysis, and in a second analysis the
individual scores of each of the three dimensions that
constitute the CISS questionnaire.

The score obtained either for the CISS question-
naire or for the dimensions that constitute it, was
standardized to a response scale equivalent to that
of each isolated item, that is, from O to 4, obtaining
the standardized score for each variable (sCISS; sD1,
sD2 and sD3).

The cut-off point corresponding to a score of 21, in
the standardized scale for symptomatic adults, corre-
sponds to a sCISS score of 1.4.

2.7. Statistical analysis

A descriptive statistical analysis was carried out,
characterizing the sample in the variables of interest,
calculating means and standard deviations, both in
the whole sample and in the various stratifications to
which it was subjected.

Data distribution was analysed by the
Kolmogorov-Smirnov test. Since data followed
a non-normal distribution in all sample stratification
groups, differences in symptom types were analysed
by the Mann-Whitney U non—parametric test.

All results of the statistical inference tests were
interpreted for a confidence level of 95%, that is, a
significance level of 0.05 was used.

Statistical analyses was performed using data plat-
form Statistical Package for the Social Sciences
(SPSS) version 23 (IBM Corp., Armonk, NY, USA).

3. Results
3.1. Sample characterization

The number of eligible participants in the first
phase of the study was 342 students, with a mean
age of 21.5 £2.7 (years). There was a participation
of 64.6% of the female gender and 53.5% of the sam-
ple did not use any type of optical correction. In the
second phase of the study, the sample size was 322
students, with a mean age of 21.3 & 2.7. This sample
had a majority of females (71.4%) and eyeglasses or
contact lens wearers (71%). Table 1 summarizes the
characteristics of the participants in each of the study
phases.
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Table 1
Characteristics of the studied sample
1%t phase  2"¢ phase

Sample dimension — N 345 322
Average age (SD) [years] 21,512,7) 21,3(22,7)
Gender distribution — N

Males 122 92

Females 223 230
Use of optical correction — N¥

Non wearers 186 93

Wearers (glasses or contact lenses) 156 229

§Three missing cases (1% phase).

3.2. Symptom level (CISS score)

Using a standardized threshold of 1.4, it was found
that in the first phase of the study, 32.2% of the studied
sample (111 cases) manifested to be symptomatic and
in the second phase, there was a slight increase, with
37% of the sample (119 cases) being registered with
a sCISS score > 1.4. However in both phases of the
study, the average score was below 1.4, which did not
reveal a clinical significant level of symptoms.

The descriptive statistics of sCISS score at each
of the evaluation moments (Phase 1 and Phase 2),
as well as the study of the differences between the
two phases of the study, can be seen in Table 2. Its
variation according to the gender is also registered.
Analysing the data from the total sample, no statisti-
cal evidence was obtained to affirm that the level of
symptoms of visual discomfort inferred by the CISS
questionnaire was significantly different in the two
evaluation periods (p=0.235), however there were
gender related differences (p =0.002).

Observing the symptomatic score between gen-
ders in each of the phases, it was found that in
phase 1 (before the pandemic), the symptom score
between males and females did not differ signifi-
cantly (p=0.384), but in the period of confinement,

the symptomatic level revealed differences between
genders (p=0.001), with females more symptomatic
than males.

The symptomatic variation in males and in
females who participated in this study shows a
different behaviour between the two evaluation
moments (Fig. 1), there was a statistically signif-
icant improvement among males (p=0.007) and a
worsening in females, but without statistical signifi-
cance (p =0.875) from the pre-COVID period to the
confinement period (Table 2).

However in both phases of the study and for each
gender, the average score was below 1.4, which did
not reveal a clinical significant level of symptoms.

3.3. Questionnaire analysis by dimensions

To verify which type of symptoms are more
common among students and whether the observed
aggravation or attenuation was more significant in any
specific group of symptoms, the CISS questionnaire
was analysed in its three-factor structure Fig. 2 illus-
trates the distribution of these variables in the two
phases.

As can be seen, dimensions sD1 and sD3 were the
ones that most contribute to the level of symptoms of
visual discomfort, reported by students, with dimen-
sion sD2 being the one with the lowest score and this
pattern was common in both moments of assessment
(Table 3).

Between the 2 phases of the study, small dif-
ferences were observed both in the complete
questionnaire (sCISS) and in the three dimensions
that constitute it (sD1, sD2 and sD3), however a
greater dispersion was observed in the second phase
(Fig. 2). The study of differences shows that there
were no statistical significance analysing the com-
plete CISS questionnaire (sCISS), but statistically

sCISS score and inferential statistics (p-values)

Phase 1 Phase 2
Average (SD) K-S (p-value) Average (SD) K-S (p-value)
Total sample 1.17 (0.6) 1.16 (0.8) 0.001
Gender
Male 1.14 (0.6) 0.94 (0.8) 0.001
Female 1.19 (0.6) 1.26 (0.9) <0.001
M-W (p-value) Phase 1 x Phase 2 0.235
Male x Female 0.002**
Phase 1: Male x Female 0.384
Phase 2: Male x Female 0.001**
Male: Phase 1 x Phase 2 0.007**
Female: Phase 1 x Phase 2 0.875

SD: Standard deviation; K-S:

Kolmogorov-Smirnov; M-W: Mann-Whitney U. *significant for a 0.05 level; **significant for a 0.01 level.
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Fig. 2. Distribution of standardized scores of the questionnaire,
in the two evaluation moments. CISS — total questionnaire; D1 —
Dimension 1 (somatic sensations); D2 — Dimension 2 (impaired
vision); D3 — Dimension 3 (cognitive performance).

Table 3
Inferential statistics (p-value) for comparing the standardized
scores of the three dimensions of the questionnaire, in the two
evaluation moments, and the effect of the gender factor

Phase 1 Phase 2 Mann-Whitney

UMW)
Average Average p-value
(SD) (SD)
sD1  Total sample 1,33 (0,7) 1,33 (0,9) 0,498
sD2 0,71 (0,7) 0,79 (0,9) 0,884
sD3 1,25(0,7) 1,18 (0,9) 0,03*
sD1 Male 1,24 (0,7)  1,05(0,9) 0,027*
Female 1,38 (0,7) 1,45(0,9) 0,696
MW p-value 0,064 <0,001%* —
sD2 Male 0,73 (0,8) 0,62 (0,8) 0,06
Female 0,70 (0,7)  0,85(0,9) 0,309
MW p-value 0,835 0,021* —
sD3 Male 1,26 (0,8) 0,99 (0,8) 0,006%*
Female 1,5(0,7) 1,25(0,9) 0,380
MW p-value 0,863 0,025* —

*Significant for a 0,05 level; **significant for a 0,01 level.

significant differences were observed in the D3
dimension (sD3) (p =0.03) (Table 3). In both phases
of the study, the average score for all dimensions was
below 1.4, which did not reveal a clinical significant
level of symptoms, as observed in the total score.

Fragmenting the sample by gender, for phase 1,
no significant differences were found between males
and females, for any of the dimensions, but significant
differences were observed between genders, in phase
2, for all dimensions (sD1: p<0.001; sD2: p=0.021;
sD3: p=0.025). It should be noted that the greatest
differences were found for the D1 dimension (somatic
sensations) and in all dimensions females tend to be
the most symptomatic group.

Comparing the differences between the two phases
of the study, it appears that for dimension sDI,
there were statistically significant differences only for
males (p=0,027), with a reduced level of symptoms
in the 20d phase (1,24 0,7 to 1,05 £+ 0,9). For dimen-
sion sD2 there were no significant differences. In
the sD3 dimension significant differences were found
only for males (p =0.006), with a score improvement
in the second phase.

Figure 3 graphically illustrates the interaction
between the phase of study factor and the participant’s
gender, for each of the symptomatic dimensions of the
questionnaire.

As can be seen, the symptomatic behaviour
between males and females, in the two evaluation
moments, was different. For males, dimensions D1
and D2 showed a reduction in symptoms in the sec-
ond phase of the study and for females, an increase
in symptoms for the same dimensions was observed.
The D3 dimension, with symptoms related to cogni-
tive performance, was the one that shows the most
accentuated improvements among males, and for
females it was the one with the least changes between
the two moments under study.

In both phases of the study and for each gender,
only D1 dimension for females presented an average
score above 1.4, which showed a clinical significant
level of symptoms.

4. Discussion

The similarity between the level of symptoms
obtained before the pandemic and during the period
of confinement, detected in this investigation, did not
meet what would be expected. The theory that the
increase in the number of hours in a digital environ-
ment predisposes to an increase in symptoms has been
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Fig. 3. Standardized average score of dimensions D1, D2 and D3,
by gender, in the two evaluation moments.

studied and supported by several authors [5, 13, 15,
17]. In the present study, it was not possible to prove
that during the second confinement period, univer-
sity students reported symptoms of visual discomfort
more frequently than before the COVID-19 pan-
demic, with the CISS questionnaire, and this finding
suggests that university students may not effectively
have been exposed to a change in digital habits as
significant as other population groups. Scientific liter-
ature has reported that university students are a public
that uses digital media with great intensity, both for
academic support, as well as for leisure and social life,
and this continued behaviour preceded the period of
the current pandemic [5, 23, 24]. On the other hand,
we should also hypothesize the existence of some
adaptation mechanism, which is contributing to this
effect, as it has already been described in other situ-
ations related to digital dependency, as time goes by,
there is a decrease in the problems [25]. If there is
any adaptation mechanism that leads to symptomatic
reduction or a devaluation of these complaints, it is
likely that it was registered in this research since the
second phase of the study was carried out in the sec-
ond confinement, that is, one year after the beginning
of the pandemic situation. The results of other authors
where there was a worsening in symptomatology [13,
15, 17], were studies carried out in the first confine-
ment, so the changes in habits were still very recent at
that time. Finally, studies on the effect on the visual
discomfort of the isolation period due to the pandemic
are based on retrospective data, using memory, with
the questioning whether or not there was a worsen-
ing of symptoms compared to the period before the

pandemic situation [13, 15, 26]. This aspect, as sug-
gested by the authors themselves, may be biased, not
only due to the inherent subjectivity of questionnaire
research, but it may also be possible for participants
to tend to exaggerate the complaints in the quaran-
tine period, when asked to compare with the previous
period. In the current study, the subjectivity factor
of the answers inherent to the questionnaire is also
present; however, the recall bias is less accentuated,
since two independent samples were used for each of
the analysis moments, without ever having asked to
compare with another moment. This may also be a
factor that is contributing to the achievement of less
serious results than those reported by other authors.

Very recent studies have shown worsening of
symptoms in students as a consequence of longer
exposure to digital devices [27-29]. It should be
noted that the typology of symptoms explored in
these studies are more focused on symptoms related
to dry eye and musculoskeletal complaints. The tool
used in the present study, the CISS, does not include
musculoskeletal complaints, but the D1 dimension
includes complaints related to the ocular surface. Our
results showed that this group of symptoms, despite
not revealing significant differences between the pre-
and post-COVID period, was the group with the high-
est level of complaints. The fact that an aggravation
was not observed may be related to the design of the
aforementioned studies, which assess the symptoms
immediately after the use of digital devices. This fact
suggests that eye strain-induced complaints may be
only transient.

The observation of a higher level of symptoms in
the D1 dimension, which includes asthenopia symp-
toms, and external symptoms of the ocular surface,
is in line with what has been observed in other stud-
ies, where these symptoms are often associated with
digital eye strain and conditions of dry eye and that
are aggravated by the excessive use of digital devices
[8-10, 12, 17]. The lowest level of complaints asso-
ciated with impaired vision (D2 dimension) suggests
that there are no refractive errors of significant magni-
tude to be corrected, and as subjects who changed the
optical compensation recently were excluded from
the present study, potential complaints related to
refractive adaptation were excluded. Hence, small
refractive magnitudes that may be uncorrected do
not significantly manifest in this group of symp-
toms. Other authors have already argued that small
uncorrected refractive errors are a frequent cause of
asthenopia symptoms and these complaints are more
felt in digital devices users [22].
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Regarding the difference in symptomatic
behaviour between males and females, it is in part
a result that has already been observed in similar
contexts. Excessive use of digital devices appears to
have more negative consequences for females than
for males, including an increase in visual complaints
[4, 11] and reduced well-being [6, 30]. A curious fact
of the present work was the level of similar symptoms
between the two genders in the evaluations carried
out before the pandemic, and the observation of
significant differences in the period of confinement.
This finding suggests that the adaptation to the new
lifestyle is different between genders or may be a
simple reflection of the adoption of different digital
habits between males and females. The scientific
literature reports that gender is a risk factor for the
development of problems associated with the use of
digital devices, in part due to different digital habits,
with females spending more time on smartphones,
on social networks or typing text messages, while
males are more interested in games and electronic
devices in general [6]. Another aspect that should
also be considered concerns complaints related
to dry eye, where many of them are common to
digital eye strain [31]. Dry eye symptoms are more
predictable in women than in men, probably due to
hormonal issues [32], although other causes may also
be associated with this difference such as make-up
use, which can interfere with tear quality [33] and
greater sensitivity to pain recorded in women [34].
The aforementioned authors may help to justify the
differences found in this study between males and
females, for example with regard to hormonal issues
and greater sensitivity to pain. In the case of the use
of make-up it seems less likely as the worsening
of symptoms were observed during the period of
confinement, time of social isolation, and therefore
there is less probability of resorting to cosmetics
with high frequency.

The differences between the 1st and 2nd phase
of the study showed significant changes in the D1
dimension (somatic sensations) and D3 dimension
(cognitive performance), with a record of improve-
ments only for males (p=0.027 and p=0.006). The
D2 dimension (impaired vision) did not reveal signif-
icant alterations. In all dimensions, it was observed
that women had slightly higher symptom levels in
the 2nd phase, but the differences in symptom scores
were not statistically significant. Additionally, D1
Dimension for females was the only one presenting a
clinical significance in symptom level (score>1.4).
The lack of data that allows us to better explore these

findings, leads us to raise the hypothesis that there
is a mechanism of adaptation to lifestyle, which in
the long term translates into a symptomatic attenua-
tion, and this adaptation, is more evident or faster on
males. This assumption derives from the recording
of other situations in the context of internet depen-
dence, which show an improvement in follow-up
studies [25], from the suggestions of authors who
have also verified an adjustment to tasks arising from
use of technologies, more effective in males than in
females [35], and also the suggestion of other authors
who advance the hypothesis of the existence of dif-
ferent mobile device usage thresholds, between men
and women, with regard to the effect that they have
in health and well-being [30]. Regarding the slight
increase in symptoms of impaired vision in females,
it may be a reflection of the increase in refractive
changes. There was an increase in the use of opti-
cal correction between the two evaluation moments,
of 45.6% in the first phase of the study, to 71.1% in
the second phase of the study, and the percentage of
females who participated in the research was higher
than the percentage of males. Literature has reported
that quarantines potentiate a higher incidence and
progression of myopia [16, 18].

4.1. Limitations

There are some limitations in this study, such as the
lack of control for the effect of refractive errors and
the type of correction used, which have been shown
to have an effect on the symptoms of ocular discom-
fort [22, 36]. Another limitation of this research is the
lack of clinical examinations, in order to signal visual
conditions that contribute to some of these symptoms,
such as changes in binocular coordination and focus-
ing ability, and even signs of dry eye [9, 10, 12]. Also
the larger proportion of female participants, may limit
the study results. This aspect is frequently observed
in other studies [8, 13, 25]. The main objective of
the work was to investigate the impact of confine-
ment, in a sample of students with online classes, on
the symptomatology of visual discomfort associated
with near vision. Taking advantage of the opportu-
nity to use recently collected data, before the start of
the pandemic situation, as data from a first phase, the
second phase of this study was later designed to take
place during a period of mandatory confinement,

Future work, controlling those aspects, as well as
isolating contamination from issues related to dry eye
complaints, will be needed. Follow-up studies that
follow the symptomatic evolution, with prolonged
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exposure to the use of digital devices, with a view
to observing behaviour between genders, should also
be designed to better understand the issues related
to potential symptomatic adaptation mechanisms and
the identification of the threshold, either in the num-
ber of hours online, or in the perception of discomfort,
for males and females. In addition, and due to the
widespread use of smartphones at an earlier age,
future studies covering different age groups should
be designed.

5. Conclusion

The results of this study revealed that the symp-
tomatic differences in visual discomfort in university
students between the pre-COVID and COVID-19
period did not show evidence of being statistically
different. However, a different behaviour was found
between males and females, recording a significant
improvement of symptoms in males, for dimen-
sion D1 (somatic sensations) and D3 (cognitive
performance). It was also observed that during the
confinement phase, females were more symptomatic
than males in all dimensions, but it was in dimension
D1 (somatic sensations) where these differences were
more significant. These results suggest that gender-
specific action and intervention strategies in the field
of visual health should be developed directed to tackle
and reduce the effects of the “digital world” on ocular
health.
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