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ABSTRACT
Background. Computer vision syndrome (CVS) is a common occupational health
problem, but its clinical definition, prevalence and risk factors are not well defined. In
general, non-validated diagnostic instruments have been used to assess its prevalence.
For this reason, the aim of this study is to estimate the prevalence and potential risk
factors for CVS using a validated questionnaire.
Methods. A cross-sectional study (n= 238) was carried out in Italian office workers
using digital devices. All participants responded to an anamnesis, a digital exposure
questionnaire, and the validated Italian version of the Computer Vision Syndrome
Questionnaire. A battery of 3 ocular surface and tear ophthalmic tests (break-up time,
BUT), Schirmer II and corneal staining) was performed.
Results. The mean age (±SD) was 45.55 (11.02) years, 64.3% were female. 71.4% wore
glasses to work, whose design was monofocal (for distance) in 47.6%, monofocal (for
near) in 26.5%, general progressive in 16.5% and occupational progressive in 8.8%
of cases. 35.7% used digital devices >6 hours/day in the workplace. The prevalence of
CVS was 67.2%. In themultivariate model, female sex (aOR: 3.17; 95%CI [1.75–5.73]),
the use of digital devices >6 hours/day at workplace (aOR: 2.07; 95% CI [1.09–3.95])
and the use of optical correction at work (aOR: 2.69; 95% CI [1.43–5.08]) significantly
increased the odds of CVS. Association was observed between presenting CVS and
having abnormal BUT (χ2= 0.017).
Conclusions. The prevalence of CVS in Italian office workers, especially among females,
was high. Intensive use of digital devices at work (>6 hours/day) and the use of optical
correction at work significantly increased the odds of CVS. There is an association
between poor tear stability and CVS. Further research is needed on the influence of
wearing optical correction on CVS. The use of a validated questionnaire in health
surveillance of digital workers is strongly recommended.
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INTRODUCTION
The use of digital devices both in the workplace and during leisure time activities is
almost universal in our society. Although the rate of digitization of Italian companies
is still limited compared to other European countries, in January 2022 there were 50.85
million internet users in Italy and internet penetration rate stood at about 84.3% of the
total population. In the coming years, on the push towards digitization imposed by the
pandemic emergency, a further significant increase in the number of workers and the
time of use of video display units (VDUs) can be expected (Nurra & Tomeo, 2020; Kemp,
2022). In parallel with the spread and intensification of the use of digital technologies, an
increase in related health issues and in particular an increase in computer vision syndrome
(CVS) is likely to be expected (Salinas-Toro et al., 2022). CVS, also referred to as digital
eye strain includes a set of ocular symptoms (such as dryness, itching and burning), visual
symptoms (such as blurred or double vision and eye strain), and even headache, which are
produced by prolonged use of computers, tablets, e-readers, and cell phones, among others
(Coles-Brennan, Sulley & Young, 2019). The most recent reviews published to date indicate
that risk factors related to CVS are: prolonged exposure time to VDUs (although there are
discrepancies as to the cut-off point at which to consider exposure as a possible risk factor
for CVS), female sex, presence of refractive, accommodative or vergence anomalies, altered
blinking patterns, work environment (excessive exposure to intense light, low humidity, use
of air conditioning, smaller font size), incorrect working posture, closer working distance,
or use of contact lenses (Coles-Brennan, Sulley & Young, 2019; Chawla et al., 2019; Auffret
et al., 2021; Talens-Estarelles et al., 2021; Kaur et al., 2022; Adane, Alamneh & Desta, 2022;
Singh et al., 2022). In addition, in another review from 2022, a previous history of eye
disease and the use of spectacles are also indicated as risk factors (Adane, Alamneh &
Desta, 2022). However, not all reviews report the same risk factors for CVS. For example,
there is much controversy as to whether age is a risk factor for CVS (Auffret et al., 2021;
Talens-Estarelles et al., 2021; Rosenfield, 2011). It should be noted that most of the studies
referenced in the reviews use instruments that are not validated for the diagnosis of CVS.

Some studies that use validated diagnostic methods and have studied CVS risk factors
have found that female sex is a risk factor, but for example, opposite results were obtained
for exposure to VDUs (Sánchez-Brau et al., 2020; Artime-Ríos et al., 2022). In addition,
the study by Sánchez-Brau et al. (2020), found that non-neutral neck position and altered
workplace lighting were risk factors, while no statistical significance was found for age,
altered humidity or prolonged exposure to VDUs. Because of this disparity between
research, and as also indicated by Kaur et al. (2022), ‘‘future studies should focus on
understanding the risk factors among different groups’’, and to this end, use validated
instruments for the diagnosis of CVS, especially because its pathophysiology is still poorly
understood. This seems to be multi-factorial and includes changes in the balance of
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accommodation-convergence and ocular surface changes. As far as accommodation and
convergence is concerned, these studies are mainly old and the results are heterogeneous
(Collier & Rosenfield, 2011; Qu et al., 2005; Sheppard & Wolffsohn, 2018), and the most
recent ones focus on the children/teenager student population (De Hita Cantalejo et al.,
2021; Mohan et al., 2021; De Hita Cantalejo et al., 2022), or seek to evaluate treatments
but not causes of CVS (Seguí-Crespo et al., 2022). To the contrary, in recent years, many
studies have shown an increase in dry eye signs and symptoms of dry eye disease in VDU
workers (Talens-Estarelles et al., 2021; Mehra & Galor, 2020; Sánchez-Valerio et al., 2020),
probably due to reduced blink rate or incomplete blinks (Portello, Rosenfield & Chu, 2013).
Although there is a large body of research onCVS, the extreme heterogeneity of themethods
of measuring outcomes, in particular the definition of CVS, limits the interpretation of the
results and the possibility of evaluating the effectiveness of any preventive measures. This is
highlighted in a recent systematic review carried out by the Cochrane Collaboration about
efficacy of optical correction of refractive error for preventing and treating eye symptoms
in computer users (Heus, Verbeek & Tikka, 2018). The diagnosis of the CVS is often based
on non-validated questionnaires, which include a different set of symptoms depending
on the author’s criteria, and with an imprecise definition of when a worker should be
considered symptomatic (Coles-Brennan, Sulley & Young, 2019). Therefore, critical issues
are inaccurate definitions of when a person should be considered symptomatic and the
focus on the syndrome as a global issue rather than on different individual symptoms.

One of the most recently published narrative reviews found that the prevalence of CVS is
estimated to range from 25 to 93% in general population (Coles-Brennan, Sulley & Young,
2019). This range is so wide as it depends on the cohort of the population studied, the
definition of CVS and the methodology employed to measure it (Coles-Brennan, Sulley
& Young, 2019). Specifically, a prevalence of CVS has been reported to be around 70%
among VDU workers (Sánchez-Brau et al., 2020; Sánchez-Valerio et al., 2020). Particularly
in Italy, studies report a prevalence of CVS in workers ranging from 13.3% to 88.6%
(Carta et al., 2003; Fenga et al., 2005; Taino et al., 2006; Fenga et al., 2007; Fenga et al.,
2008; Carta et al., 2010; Larese Filon et al., 2019). In all of these studies symptoms were
collected using ad hoc questionnaires or an unvalidated standardized questionnaire.
All questionnaires must demonstrate their validity, reliability, and responsiveness, and
all these properties are determined in the instrument validation process. Thus, the use
of non-validated questionnaires does not guarantee the quality of the results obtained,
and the conclusions drawn may be meaningless, inappropriate and not corroborated by
the results (Ramada-Rodilla, Serra-Pujadas & Delclós-Clanchet, 2013; Carvajal et al., 2011;
Leong et al., 2016).

In 2015, a validated patient reported outcome (PRO) questionnaire was developed
in Spain with good psychometric properties to diagnose CVS, the Computer Vision
Syndrome Questionnaire (CVS-Q c©) (Seguí-Crespo et al., 2015). A linguistic version of the
CVS-Q c© was translated, cross-culturally adapted, and validated into Italian, the CVS-Q
IT c© (Seguí-Crespo et al., 2019; Cantó-Sancho et al., 2022). The aim of this study is to
estimate the prevalence of CVS and its relationship with potential risk factors in a sample
of Italian VDU users using this validated questionnaire.
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MATERIALS & METHODS
A cross-sectional epidemiological study was carried out in Italian office workers using
VDUs from May to July 2019. Workers were included if they used the following VDUs at
work: mobile phones, laptops, computers, tablets, or e-readers. Workers aged 18–67 years,
working full time during day, 5 days a week, and who regularly used more than 2 h digital
devices during their working day were recruited by the Occupational Medicine Unit at the
University Hospital of Verona (Italy) during the regular and mandatory health surveillance
activities. All participants included were native Italian and they signed the informed consent
form. Workers who wore contact lenses daily (contact lenses users who will use them on
an occasional basis for one-off activities were included), who were undergoing refractive or
cataract surgery, suffering from any ocular pathology and/or undergoing ocular treatment
(including regular use of artificial tears) in the 3 months prior to the study, which could
affect CVS symptomatology, were excluded. To calculate the sample size, the calculator
GRANMO version 7.12 was used. Considering that the Azienda Ospedaliera Universitaria
Integrata Verona (based in Borgo Roma) is composed of approximately 2,500 workers in
total who use VDUs. It was calculated that a sample of n= 209 workers was enough to
estimate with a confidence level of 90% and an accuracy of ±5 percentage units and a
predictable population percentage of 70% (Sánchez-Brau et al., 2020).

For each participant, an anamnesis was collected, taking into account (1)
sociodemographic information, (2) general health, (3) ocular health, (4) optical correction
information, (5) variables of exposure to digital devices, and (6) use of air conditioning at
work. All these variables were self-reported by the worker. Furthermore, CVS symptoms
using CVS-Q IT c© were collected and a battery of three ocular surface and tear ophthalmic
tests were performed in both eyes (see Appendix 1 for more information on the variables
studied).

The CVS-Q IT c© is a scale that evaluates the frequency (never: the symptom does not
occur at all, occasionally: sporadic episodes or once a week, and often or always: 2 or 3
times a week to almost every day) and intensity (moderate or intense) of 16 ocular and
visual symptoms related to the digital devices use. The questionnaire instructions ask the
worker to indicate whether he/she experiences any of the following symptoms during the
time he/she uses the computer at work. Subsequently the frequency and intensity data are
recoded to calculate the severity of each symptom, resulting in a total score. Total scores
≥7 indicate that the subject suffers CVS (Cantó-Sancho et al., 2022).

Tear stability (break-up time, BUT), presence of corneal staining, and tear quantity
(Schirmer II) were evaluated in the following order. The clinical tests were carried out
using the slit lamp, fluorescein strips, blue filter, ocular anaesthetic and Schirmer’s
absorbent paper strips. For the three clinical tests, the normality criteria established by the
TFOS DEWS II Report were followed (Wolffsohn et al., 2017), which considers BUT to be
abnormal when it is ≤10 s, the existence of >5 staining points to be considered abnormal
evidence, and the tear quantity to be inadequate when the wet part of the absorbent strip
is ≤10 mm, after 5 min. As the clinical tests were performed on both eyes, to classify the
test as abnormal/normal, data from a single randomly selected eye were considered.
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Clinical data, CVS-Q IT c© and clinical tests were carried out by experienced staff
who agreed on the clinical criteria to adopt. An optician-optometrist (NCS) explained
the study, gave informed consent and collected the anamnesis and CVS-Q IT c© data.
Ophthalmologists (SC) performed the battery of clinical tests.

All the study was conducted following the standards of Good Clinical Practice and
international ethical principles applicable to human research, according to the latest revision
of the Declaration of Helsinki. The study was approved by the Ethics Committee of the
University of Alicante (UA-2018-02-22) and by the Comitato Etico per la Sperimentazione
Clinica delle Province di Verona e Rovigo (41605).

Statistical analysis
A descriptive analysis of all study variables was performed. Absolute frequency and
percentage were calculated for categorical variables. For continuous variables, the mean
and standard deviation (SD) and the minimum and maximum were obtained. The
frequency of the 16 symptoms included in the questionnaire was calculated, as well as the
total prevalence of CVS and for each variable and category; differences between groups were
assessed using χ2 test. Additionally, logistic regression models were calculated to measure
the association between CVS and the remaining variables. The crude odds ratios (cOR)
and adjusted odds ratios (aOR) were calculated plus 95% confidence interval (95% CI).
A p-value of less than 0.05 was considered statistically significant. The statistical software
SPSS version 28 was used for the analysis.

RESULTS
A total of 296 workers participated in the study, but a total of 19.6% were excluded for
different reasons: the presence of an ocular pathology or a pharmacological treatment at
the time of the study being the most frequent reason (53.4%). The final sample amounted
to a total of n= 238 participants. The mean age (±SD) was 45.55 (11.02) years with a
range between 23 and 67 years (the median age was 48 years); 64.3% were female. 9.7%
presented with a past history of ocular disorders (mainly conjunctivitis and strabismus
during childhood). 4.2% had prior ocular surgery (mainly chalazion) and 2.5% rarely
used artificial tears as ocular pharmacological treatment. 79.0% used optical correction
regularly, 16.8% of them also used contact lenses sporadically (sports or weekend), never
daily or for work. Specifically, 71.4%wore glasses to work, whose design wasmonofocal (for
distance) in 34.0% (47.6% if only glasses wearers are considered), monofocal (for near) in
18.9% (26.5% if only glasses wearers are considered), general progressive in 11.8% (16.5%
if only glasses wearers are considered) and occupational progressive in 6.3% (8.8% if only
glasses wearers are considered) of cases. Only 1 person used glasses with a bifocal design
and was therefore excluded from the prevalence and association analysis. 56.7% of the
workers indicated that they were presbyopic, although of these, 46 did not use correction
for work, perhaps because they were nearsighted. 35.7% of the sample used digital devices
>6 hours/day in the workplace; during the day, the average time spent using digital devices
at work was 5.85 (1.54) hours/day, with a range between 2 and 10 hours/day. Most of the
participants (79.4%) could be considered VDU workers according to Italian regulations as
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they worked more than 20 h a week with digital devices. The remaining (20.6%) were also
VDU users but did not use them for more than 20 h a week. A total of 30.3% used digital
devices >8 hours/day including work and leisure, with a range between 3 and 17 hours/day
(Table 1).

The total prevalence of CVS was 67.2% and the mean CVS-Q IT c© score was 7.08 (3.91)
points. The mean CVS-Q IT c© score for those without CVS was 2.83 (1.65) points and
the mean CVS score for those with CVS was 9.16 (2.87) points. Statistically significant
differences were observed between the mean CVS-Q IT c© score in people with and without
CVS (p< 0.001). In addition, statistically significant differences in prevalencewere observed
by sex (p< 0.001), regular use of optical correction (p< 0.001) and for work (p< 0.001),
and to the time of use of digital devices to work (p= 0.010) (Table 1).

Themost frequent symptoms were blurred vision (63.5%), feeling that sight is worsening
(61.8%), headache (56.3%), and burning (54.2%) and the least were eye pain (11.3%),
coloured halos around objects (16.4%), and double vision (17.6%); almost all symptoms
occurred occasionally in most cases. However, blurred vision and difficulty focusing for
near vision were often or always present in 16% of the sample analyzed. All participants
felt symptoms with moderate intensity (Fig. 1).

Significant associations were found with female sex (cOR: 3.42; IC 95% [1.94–6.04]), use
of optical correction on a regular basis (cOR: 3.13; CI 95% [1.65–5.95]) and for work (cOR:
3.11; CI 95% [1.73–5.60]). An association between lens design and CVS was apparent for
monofocal (distance) (cOR: 3.71; CI 95% [1.83–7.53]), general progressive lenses (cOR:
3.18; CI 95% [1.20–8.47]) and occupational progressive lenses (cOR: 4.24; CI 95% [1.10–
10.07]). Regarding digital devices use, the association with CVS was higher among workers
who used digital devices >6 hours/day to work (cOR: 2.20; CI 95%: [1.20–4.04]) and
among those who used them >8 hours/day in total (for work and leisure purposes) (cOR:
2.19; CI 95% [1.06–4.54]) compared to those who used them≤6 hours/day in total (Fig. 2).
After adjusting for sex, age, optical correction for work and hours of use of digital devices
at work, the results of the multivariate analysis indicated three factors that were associated
with CVS in the proposed model. The use of digital devices >6 hours/day at work (aOR:
2.07; 95% CI [1.09–3.95]) doubles the odds of suffering from CVS, while being female
(aOR: 3.17; 95% CI [1.75–5.73]) and the use of optical correction at work (aOR: 2.69; 95%
CI [1.43–5.08]) triples the odds to suffer from it (Fig. 2). Note that Fig. 2 shows the results
for those variables with statistically significant results of the simple logistic regression (See
Appendix 2 for comprehensive analysis).

Regarding the battery of ocular surface and tear tests, Table 2 shows the values of
the clinical tests for the right and left eye, as well as for the random choice, which will
allow us to classify the tests as normal or abnormal. Following the criteria recommended
by the TFOS DEWS II (Wolffsohn et al., 2017), we observed that 19.3% of the workers
had corneal staining (>5 staining points), 57.1% had poor tear stability (abnormal BUT
≤10 s) and 45.8% of the sample did not have good tear quantity (abnormal Schirmer II
≤10 mm). Association was observed between presenting CVS and having abnormal BUT
(χ2= 0.017), and a small but significant Pearson correlation is obtained (r = −0.143,
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Table 1 Distribution of the studied sample (n= 238), prevalence of computer vision syndrome (CVS) and differences according to sociodemo-
graphic characteristics, eye health, optical correction, and exposure to digital devices variables.

Full population CVS population

N % N prevalence (%)§ p-value

Total 238 100 160 67.2
Sex
Male 85 35.7 42 49.4
Female 153 64.3 117 77.0

< 0.001***

Age (years)
≤ 40 76 31.9 48 63.2
> 40 162 68.1 111 68.9

0.376

Workplace
University of Verona 195 81.9 129 66.5
Hospital Borgo Roma 43 18.1 30 69.8

0.679

General pharmacological treatment
No 149 62.6 98 65.8
Yes 89 37.4 61 69.3

0.575

Past ocular disorders
No 215 90.3 145 67.8
Yes 23 9.7 14 60.9

0.504

Ocular surgery†

No 228 95.8 153 67.4 0.733
Yes 10 4.2 6 60.0
Ocular pharmacological treatment†

No 232 97.5 153 66.2
Yes 6 2.5 6 100.0

0.182

Regular optical correction
No 50 21.0 23 46.0
Yes 188 79.0 136 72.7

< 0.001***

Use of glasses to work
No 68 28.6 33 48.5
Yes 170 71.4 126 74.6

< 0.001***

Lens design at work‡

Nothing 68 28.6 33 48.5
Bifocal 1 0.4 – –
Monofocal distance 81 34.0 63 77.8
Monofocal near 45 18.9 30 66.7
General progressive 28 11.8 21 75.0
Occupational progressive 15 6.3 12 80.0

0.002**#

Presbyopia
No 103 43.3 67 65.0
Yes 135 56.7 92 68.7

0.558

(continued on next page)
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Table 1 (continued)

Full population CVS population

N % N prevalence (%)§ p-value

Occupational use of digital devices (hours/day)
≤ 6 153 64.3 93 61.2
> 6 85 35.7 66 77.6

0.010*

Years working with digital devices
≤ 10 72 30.3 45 62.5
11–20 93 39.1 64 68.8
> 20 73 30.6 50 69.4

0.609

Scheduled breaks during work with digital devices
No 34 14.3 24 70.6
Yes 204 85.7 135 66.5

0.639

Duration of breaks (minutes)
≤ 5 87 36.5 58 66.7
6–10 98 41.2 67 69.1
> 10 53 22.3 34 64.2

0.824

Use of air conditioning at work
Never or rarely 36 15.1 20 55.6
Often or always 202 84.9 139 69.2

0.110

Use of digital devices for leisure (hours/day)
≤ 2 191 80.3 127 66.8
> 2 47 19.7 32 68.1

0.871

Total use of digital devices (hours/day)
≤ 6 65 27.3 37 57.8
6–8 101 42.4 68 67.3
> 8 72 30.3 54 75.0

0.103

Notes.
†The χ2 test has been used for all the variables, except for these two variables that Fisher’s exact test has been used.
‡The category ‘‘bifocal’’ of these variable has been excluded from the analysis of the prevalence since there was only one person.
*p-value < 0.05.
**p-value < 0.01.
***p-value < 0.001.
§Formula for prevalence: persons presenting the event/total number of persons in that category.
#Since the prevalences between the different lens’ designs are very similar, this statistical significance is not due to the lens’ design itself, but to the fact of wearing or not glasses to
work.

p= 0.027). No significant association was observed between presenting CVS and having
abnormal Schirmer II or corneal staining (Table 2).

DISCUSSION
The results of this study detected a prevalence of CVS of around 70% in Italian office
workers. Blurred vision, feeling that sight is worsening, headache and burning as the most
frequent symptoms. After adjusting for sex, age, optical correction for work and hours
of use of digital devices at work, the increase in CVS is explained by three factors; female
sex, use of optical correction to work and use of digital devices >6 hours/day at work.
Furthermore, a negative and significant association between CVS and tear stability was also
observed.
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Figure 1 Frequency and intensity with which workers perceive each of the 16 symptoms that make up
the CVS-Q IT c©.
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† The model has been adjusted for the variables: sex, age, optical correction for work and digital devices use for work.  
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Figure 2 Association between computer vision syndrome and variables studied: crude odds ratios
(cOR) and adjusted odds ratios (aOR) and 95% confidence intervals (95% CI).
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Our results cannot be directly compared with previous research on Italian workers,
because non-validated questionnaires were used in other studies for the diagnosis of
CVS in the Italian population and, except the one by Larese Filon et al. (2019), these were
published more than 10 years ago when the equipment were likely different (Taino et al.,
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Table 2 Results of ocular surface and tear ophthalmic tests of the sample analysed (BUT, Schirmer II
and corneal staining) and their association with computer vision syndrome (CVS).

BUT (s) Schirmer II (mm) Corneal staining (points)

RE (mean± SD) 9.91± 4.44 13.02± 7.86 -
LE (mean± SD) 9.88± 4.47 12.97± 8.13 -
Random selected eye (mean± SD)† 10.17± 4.64 12.99± 8.10 -
Abnormal test, n (%) 136 (57.1) 109 (45.8) 46 (19.3)
No CVS, n (%) 36 (46.2) 31 (39.7) 13 (16.7)
CVS, n (%) 100 (62.5) 78 (48.8) 33 (20.6)
p-value‡ 0.017* 0.191 0.468

Notes.
RE, right eye; LE, left eye.

†These are the results of the random selection of the eye for each participant (which will allow us to classify the test as normal or
abnormal).

-:is not a continuous variable.
‡χ2 test.
*p-value< 0.05.

2006; Carta et al., 2010). The prevalence observed in this study (67.2%) is higher than that
reported in Italian VDU workers, except when compared to the studies by Fenga et al.
(2005) (prevalence = 79.0%) and Fenga et al. (2008) (prevalence = 88.6%), though in
these two researches, samples of respectively 54 and 70 VDU workers were studied. In
general, the target population studied when conducting research on the prevalence of this
syndrome in the Italian population, tends to be administrative workers belonging to public
offices, service agencies or to hospital/university (just as in our case) (Carta et al., 2003;
Fenga et al., 2005; Fenga et al., 2008; Carta et al., 2010; Larese Filon et al., 2019). However,
given that the other studies have not used CVS diagnostic instruments that have been
shown to be reliable and valid, the quality of their results cannot be guaranteed. Since this
study has used an instrument that has previously been culturally adapted and validated
for the Italian population (Seguí-Crespo et al., 2019; Cantó-Sancho et al., 2022), in future
studies, it would be advisable to use the data obtained in this study for comparisons. The
observed prevalence is high, similar to a pilot study in which CVS-Q IT c© was also used
(Seguí-Crespo et al., 2019) and within the range of rates observed in other studies that have
also used the CVS-Q c© to study CVS prevalence in Spanish workers, that is 53.0–74.3%
(Sánchez-Brau et al., 2020; Artime-Ríos et al., 2022; Sánchez-Brau et al., 2021; Tauste et al.,
2016).

The high prevalence of symptoms observed in females (female: 77.0% vs male: 49.4%),
is in line with the literature (Carta et al., 2010; Portello et al., 2012; Toomingas et al., 2014;
Ranasinghe et al., 2016). However, in the study by Larese Filon et al. (2019), which also
analyzed an Italian sample, no association was found between being female and visual
fatigue. This may be because the authors consider only visual fatigue (as a single symptom)
and did not take CVS as a global construct, which considers other symptoms of the ocular
surface such as dryness. In addition, they evaluated the frequency of eye symptoms related
to digital device use, but they did not indicate which instrument they used, and whether
it was validated or not. In our study we have found that being female triples the odds
of suffering from CVS, in other studies who also use the CVS-Q c© it has been observed
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that it doubles (OR: 2.0; 95% CI [1.36–2.95]) (Tauste et al., 2016) or triples (OR: 3.40;
95% CI [1.12–10.33], OR: 2.85; 95% CI [1.03–7.83] and OR: 2.57; 95% CI [1.36–4.88])
(Sánchez-Brau et al., 2020; Artime-Ríos et al., 2022; Zayed et al., 2021). In any case, there
seems to be a clear association between being female and a greater probability of suffering
from visual and ocular symptoms or even CVS (Sánchez-Brau et al., 2020; Courtin et al.,
2016; Sullivan et al., 2017). In addition, our study observed that females were more likely to
fail two of the three ocular surface and tear tests than males (45.1% vs. 27.1%, p= 0.006),
and that there were significant differences in the mean BUT according to sex (female =
9.69± 4.44s vs.male= 11.04± 4.90s, p= 0.032). Considering that there are no significant
differences between males and females, neither in terms of age nor in terms of the average
time of use of VDU for work or in total (work and leisure), these sex differences according
to TFOS DEWS II could be due to the ‘‘effects of sex steroids (e.g., androgens, estrogens),
hypothalamic-pituitary hormones, glucocorticoids, insulin, insulin-like growth factor
1 and thyroid hormones, as well as to the sex chromosome complement, sex-specific
autosomal factors and epigenetics (e.g., microRNAs)’’ (Sullivan et al., 2017).

An association between intensive use of digital devices at work and a greater probability
of suffering from ocular and visual symptoms or CVS (≤6 hours/day: 61.2% vs >6
hours/day: 77.6%) has also been reported in the scientific literature (Talens-Estarelles et al.,
2021; Larese Filon et al., 2019; Robertson, Huang & Larson, 2016). However, some authors
found statistical significance with a cut-off point of 2-4 or 4 hours/day (Artime-Ríos et
al., 2022), others with 6 hours/day (like us) (Tauste et al., 2016; Zayed et al., 2021; Raja et
al., 2015), 7 hours/day (Rahman & Sanip, 2011), 8 hours/day (Uchino et al., 2013), or even
only analyze the correlation (as a continuous variable) (Ranasinghe et al., 2016); making
comparison between studies difficult. It would therefore be useful to determine from how
many hours of work with digital devices exposure could be considered as a risk factor
for CVS. In our study, we have found that working >6 hours/day with digital devices
duplicates the probability of suffering from CVS and other research also confirms that
working >6 hours/day with digital devices is linked to an increased risk of CVS (Tauste et
al., 2016; Zayed et al., 2021; Raja et al., 2015). It should be noted, however, that those who
declare ‘‘more than 6 h per day’’ probably do not respect the legislative indication relating
to the way in which breaks are used and the organization of work (in fact, the Italian
law–Legislative Decree n.81/2008—prescribes 15 min breaks from VDU works every 120
min of VDU works). On the other hand, this result suggests that the indications of the
legislation are widely protective for exposed workers with respect to the occurrence of CVS.

The higher probability of suffering from ocular and visual symptoms or CVS in workers
using optical correction at work agreed with some literature but not with other studies.
Bhanderi, Choudhary & Doshi (2008) found that subjects who have refractive errors (even
when corrected) are more likely to develop CVS. Similarly, Artime-Ríos et al. (2022),
detected a significantly higher prevalence of CVS in ophthalmic lens wearers (OR: 1.88;
95%CI [1.22–2.89]), andZayed et al. (2021) showed a significant relationship betweenCVS
and eyeglass wear (OR: 5.01; 95% CI [1.09–23.06]), but neither of them specified whether
it is on a regular basis or just for work. On the other hand, neither Carta et al. (2003)
nor Sánchez-Brau et al. (2020) found a significant association between having a refractive
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error (which can be corrected with ophthalmic lenses) and an increased probability of
suffering from CVS. In a time series study with a quasi-experimental design (Sánchez-Brau
et al., 2021), in which subjects were prescribed first a general progressive and then an
occupational lenses (both with the optimal prescription for the worker), it was observed
that workers had lower CVS (assessed with the CVS-Q c©), when using occupational lenses.
Therefore, if the improvement in CVS is only due to proper worker correction, the same
improvements should be observed with general and occupational progressive lenses.
Furthermore, it was also observed that ametropic workers (even if well corrected) are less
likely to improve CVS symptoms when switching from general progressive to occupational
lenses. On the other hand, in our study, in which neither refraction nor visual acuity tests
were performed, it could be thought that the higher frequency of visual symptoms, such
as blurred vision or feeling that sight is worsening, could be because subjects did not have
adequate vision. However, in other studies, which have included only ‘‘individuals with
corrected binocular visual acuity, at far and near distance, to at least 0.0 logMAR’’, and who
have also used the CVS-Q c© as an instrument for CVS diagnosis, they have also found that
the most frequent symptoms of CVS are: difficulty focusing for near vision, feeling that
sight is worsening and blurred vision (Sánchez-Brau et al., 2020; Sánchez-Brau et al., 2021).
Therefore, more research is necessary to explain the effects of wearing optical correction
on CVS, especially if measures are incorporated to evaluate uncorrected refractive errors
(Sheppard & Wolffsohn, 2018; Rosenfield et al., 2012). Some possible explanations for the
increased probability of CVS among those workers using optical correction in our research
are: (1) the group composed of optical correction users are not well corrected (Sheppard &
Wolffsohn, 2018), (2) the presbyopic workers do not present adequate correction for near
vision, and this causes their neck posture during VDUs work to be inadequate (Sánchez-
Brau et al., 2020), (3) if the worker has subclinical accommodative/vergence difficulties,
even if the worker is well corrected for the refractive problem (i.e., myopia, hyperopia,
astigmatism or presbyopia), the prolonged and demanding near work (involving higher
visual demands) and constant refocusing at different working distances (looking at the
screen, paper documents and the keyboard at the same time) (Yan et al., 2008), can cause
these problems to surface during long hours of close-up work (Sheppard & Wolffsohn,
2018). All of these possibilities could cause an increased probability of CVS, but could be
prevented with a complete refractive and binocular examination by the specialist. There
is also a possibility that these differences are because people with CVS or ocular/visual
symptomatology are more likely to have their eyes checked and to be prescribed optical
correction by specialists. All this should be further investigated in future studies.

Finally, regarding the results of the objective tests carried out, a recent review on
ocular surface alterations concluded that there is a reduction in tear volume, a noticeable
decrease in tear stability and alterations in tear film composition among digital device
users. Signs may appear due to incomplete blinking, resulting from increased cognitive
and task demands while working with digital devices (Talens-Estarelles et al., 2021). In our
results, around 50% of the workers had alterations in both tear volume and stability, which
is consistent with studies in the literature. There is a discrepancy between the results of
studies as to whether workers who use digital devices have more corneal staining than
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those who do not work with digital devices (Talens-Estarelles et al., 2021). In our case
the frequency of workers with corneal staining did not reach 20%. In another study,
also among Italian office workers, no relationship has been observed between having an
abnormal Schirmer test and BUT and having CVS (Carta et al., 2003).

Regarding the limitations of the present study, one is that the non-inclusion of workers
who habitually used contact lenses toworkmay have skewed our sample to focus on an older
population (e.g., there are no subjects between 18 and 23 years). However, this was chosen
because it has been widely seen in the literature that contact lens wear impacts normal
ocular surface homeostasis, which may cause users to report more ocular discomfort (such
as dryness, irritation, etc.) (Nichols et al., 2013; Stapleton et al., 2017) and in this study we
did not want the prevalence of CVS to be affected by this condition. Another limitation is
that objective tests could have been carried out to assess the refractive state of workers, since
uncorrected refractive errors can increase symptoms related to digital devices (Rosenfield,
2011; Sheppard & Wolffsohn, 2018). However, this study was intended to present a more
observational cross-sectional design, and therefore only changes in the ocular surface were
evaluated by objective ocular surface and tear tests. A further limitation of this study, shared
however with most studies on this aspect, is the absence of objective data related to the real
use of the devices (time, type and mode of use) and data on the environmental conditions
that could facilitate the appearance of disturbances (indoor air quality, lighting conditions).
Regardless of all, this is the first study in the Italian working population in which a validated
instrument was used to estimate the prevalence of CVS and some of its risk factors, which
is its main strength. However, it should be noted that this is a cross-sectional study, so
just correlation, but no causality, can be established. The frequency and intensity of ocular
and visual symptoms associated with the intensive use of digital devices is expected to
reach increasingly higher values, especially in the working population, partly due to the
pandemic and telework (Salinas-Toro et al., 2022). Therefore, previous prevalence data
with validated instruments are needed to assess the impact that teleworking can have on
the visual and ocular health of the general population, and specifically in VDU workers.
Comprehensive research including the collection of objective data on environmental
factors that could influence the onset of CVS could make an important contribution to
the planning of preventive interventions. In particular, the use of validated questionnaires,
as suggested in a recent review of the Cochrane collaboration literature, could make an
important contribution to the evaluation of the effectiveness of preventive interventions
(Heus, Verbeek & Tikka, 2018). The use of a validated questionnaire in health surveillance
of digital workers is strongly recommended.

CONCLUSIONS
In conclusion, the prevalence of CVS in Italian office workers, especially among females,
was high. Intensive use of digital devices at work and the use of optical correction to work
significantly increased the probability of CVS. A significant association has been found
between poor tear stability and CVS. It is essential to continue to investigate the influence
of wearing optical correction on CVS in the context of multidisciplinary research using
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validated instruments as well as rigorous data collection and analysis methodologies. A
better understanding of the syndrome will allow us to determine the preventive measures
needed to reduce it. The Italian version of the CVS-Q c©(the CVS-Q IT c©) is a useful and
valid tool for health surveillance of digital devices workers and efforts should be made to
include validated questionnaires in daily preventive and clinical activities. Finally, a validate
tool would potentially be available for multicenter, prospective cohort studies, which could
clarify the still open research questions regarding CVS.

ACKNOWLEDGEMENTS
All authors would like to thank the resident in ophthalmology Dra. Manuela Mambretti
for her contribution in performing the clinical tests. This article will form part of the first
author’s doctoral thesis.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding
The Vice-Rectorate of Research of the University of Alicante funded the pre-doctoral
training contract for Natalia Cantó-Sancho (UAFPU2019-08). The funders had no role
in study design, data collection and analysis, decision to publish, or preparation of the
manuscript.

Grant Disclosures
The following grant information was disclosed by the authors:
The Vice-Rectorate of Research of the University: UAFPU2019-08.

Competing Interests
The authors declare there are no competing interests.

Author Contributions
• Natalia Cantó-Sancho conceived and designed the experiments, performed the
experiments, analyzed the data, prepared figures and/or tables, authored or reviewed
drafts of the article, and approved the final draft.
• Stefano Porru conceived and designed the experiments, authored or reviewed drafts of
the article, and approved the final draft.
• Stefano Casati performed the experiments, authored or reviewed drafts of the article,
and approved the final draft.
• Elena Ronda conceived and designed the experiments, authored or reviewed drafts of
the article, and approved the final draft.
• Mar Seguí-Crespo conceived and designed the experiments, analyzed the data, authored
or reviewed drafts of the article, and approved the final draft.
• Angela Carta conceived and designed the experiments, authored or reviewed drafts of
the article, and approved the final draft.

Cantó-Sancho et al. (2023), PeerJ, DOI 10.7717/peerj.14937 14/19

https://peerj.com
http://dx.doi.org/10.7717/peerj.14937


Human Ethics
The following information was supplied relating to ethical approvals (i.e., approving body
and any reference numbers):

All the study was conducted following the standards of Good Clinical Practice and
international ethical principles applicable to human research, according to the latest revision
of the Declaration of Helsinki. The study was approved by the Ethics Committee of the
University of Alicante (UA-2018-02-22) and by the Comitato Etico per la Sperimentazione
Clinica delle Province di Verona e Rovigo (41605).

Data Availability
The following information was supplied regarding data availability:

The data used in the analysis are available in the Supplemental File.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peerj.14937#supplemental-information.

REFERENCES
Adane F, Alamneh YM, Desta M. 2022. Computer vision syndrome and predictors

among computer users in Ethiopia: a systematic review and meta-analysis. Tropical
Medicine and Health 50:26 DOI 10.1186/s41182-022-00418-3.

Artime-Ríos E, Suárez-Sánchez A, Sánchez-Lasheras F, Seguí-CrespoM. 2022.
Computer vision syndrome in healthcare workers using video display terminals:
an exploration of the risk factors. Journal of Advanced Nursing 78:2095–2110
DOI 10.1111/jan.15140.

Auffret É, Gomart G, Bourcier T, Gaucher D, Speeg-Schatz C, Sauer A. 2021. Digital eye
strain, Symptoms, prevalence, pathophysiology, and management. Journal Frana̧is
d’Ophtalmologie 44:1605–1610.

Bhanderi DJ, Choudhary S, Doshi VG. 2008. A community-based study of as-
thenopia in computer operators. Indian Journal of Ophthalmology 56:51–55
DOI 10.4103/0301-4738.37596.

Cantó-Sancho N, Ronda E, Cabrero-García J, Casati S, Carta A, Porru S, Seguí-Crespo
M. 2022. Rasch-validated Italian scale for diagnosing digital eye strain: the computer
vision syndrome questionnaire IT c©. International Journal of Environmental Research
and Public Health 19:4506 DOI 10.3390/ijerph19084506.

Carta A, Oppini M, Bellina B, CrippaM, Lucchini R, Porru S, Alessio L. 2010. VDT
use and others visual demanding works: risks and prevention. Giornale Italiano di
Medicina del Lavoro ed Ergonomia 32(Suppl 2):90–91.

Carta A, Pasquini L, Lucchini R, Semeraro F, Apostoli P. 2003. Relation of asthenopia
and some ophthalmological, neuropsychological, and musculoskeletal parameters in
workers assigned to video display terminals.Medicina Del Lavoro 94:466–479.

Carvajal A, Centeno C,Watson R, Martínez M, Sanz Rubiales A. 2011.How is an
instrument for measuring health to be validated. Anales Sis San Navarra 34:63–72.

Cantó-Sancho et al. (2023), PeerJ, DOI 10.7717/peerj.14937 15/19

https://peerj.com
http://dx.doi.org/10.7717/peerj.14937#supplemental-information
http://dx.doi.org/10.7717/peerj.14937#supplemental-information
http://dx.doi.org/10.7717/peerj.14937#supplemental-information
http://dx.doi.org/10.1186/s41182-022-00418-3
http://dx.doi.org/10.1111/jan.15140
http://dx.doi.org/10.4103/0301-4738.37596
http://dx.doi.org/10.3390/ijerph19084506
http://dx.doi.org/10.7717/peerj.14937


Chawla A, Lim TC, Shikhare SN, Munk PL, PehWCG. 2019. Computer vision syn-
drome: darkness under the shadow of light. Canadian Association of Radiologists
Journal 70:5–9 DOI 10.1016/j.carj.2018.10.005.

Coles-Brennan C, Sulley A, Young G. 2019.Management of digital eye strain. Clinical
and Experimental Optometry 102:18–29 DOI 10.1111/cxo.12798.

Collier JD, Rosenfield M. 2011. Accommodation and convergence during sustained
computer work. Optometry 82:434–440 DOI 10.1016/j.optm.2010.10.013.

Courtin R, Pereira B, Naughton G, Chamoux A, Chiambaretta F, Lanhers C, Dutheil F.
2016. Prevalence of dry eye disease in visual display terminal workers: a systematic
review and meta-analysis. BMJ Open 6:e009675 DOI 10.1136/bmjopen-2015-009675.

DeHita Cantalejo C, García-Pérez Á, Sánchez-González JM, Capote-Puente R,
Sánchez-González MC. 2021. Accommodative and binocular disorders in preteens
with computer vision syndrome: a cross-sectional study. Annals of the New York
Academy of Sciences 1492:73–81 DOI 10.1111/nyas.14553.

DeHita Cantalejo C, Sánchez-González JM, Silva-Viguera C, Sánchez-González MC.
2022. Tweenager computer visual syndrome due to tablets and laptops during the
postlockdown COVID-19 pandemic and the influence on the binocular and accom-
modative system. Journal of Clinical Medicine 11:5317 DOI 10.3390/jcm11185317.

Fenga C, Aragona P, Cacciola A, Spinella R, Di Nola C, Ferreri F, Rania L. 2008.
Meibomian gland dysfunction and ocular discomfort in video display terminal
workers. Eye 22:91–95 DOI 10.1038/sj.eye.6703025.

Fenga C, Cacciola A, Anzalone C, Trimarchi G, Grillo OC. 2005. Influence of micro-
climate factors on ocular discomfort in video display terminal workers. Giornale
Italiano di Medicina del Lavoro ed Ergonomia 27:417–421.

Fenga C, Di Pietro R, Fenga P, Di Nola C, Spinella R, Cacciola A, Germanò D, Aragona
P. 2007. Asthenopia in VDT users: our experience. Giornale Italiano di Medicina del
Lavoro ed Ergonomia 29:500–501.

Filon F, Drusian A, Ronchese F, Negro C. 2019. Video display operator complaints: a
10-year follow-up of visual fatigue and refractive disorders. International Journal of
Environmental Research and Public Health 16:2501 DOI 10.3390/ijerph16142501.

Heus P, Verbeek JH, Tikka C. 2018. Optical correction of refractive error for preventing
and treating eye symptoms in computer users. Cochrane Database of Systematic
Reviews 4:CD009877 DOI 10.1002/14651858.CD009877.pub2.

Kaur K, Gurnani B, Nayak S, Deori N, Kaur S, Jethani J, Singh D, Agarkar S, Hussain-
deen JR, Sukhija J, Mishra D. 2022. Digital eye strain—a comprehensive review.
Ophthalmology and Therapy 11:1655–1680 DOI 10.1007/s40123-022-00540-9.

Kemp S. 2022. Digital Report 2022: Italy [Internet]. Available at https://datareportal.com/
reports/digital-2022-italy (accessed on 01 July 2022).

Leong FTL, BartramD, Cheung FM, Geisinger KF, Iliescu D. 2016. The ITC Interna-
tional handbook of testing and assessment. New York: Oxford University Press.

Mehra D, Galor A. 2020. Digital screen use and dry eye: a review. The Asia-Pacific Journal
of Ophthalmology 9:491–497 DOI 10.1097/APO.0000000000000328.

Cantó-Sancho et al. (2023), PeerJ, DOI 10.7717/peerj.14937 16/19

https://peerj.com
http://dx.doi.org/10.1016/j.carj.2018.10.005
http://dx.doi.org/10.1111/cxo.12798
http://dx.doi.org/10.1016/j.optm.2010.10.013
http://dx.doi.org/10.1136/bmjopen-2015-009675
http://dx.doi.org/10.1111/nyas.14553
http://dx.doi.org/10.3390/jcm11185317
http://dx.doi.org/10.1038/sj.eye.6703025
http://dx.doi.org/10.3390/ijerph16142501
http://dx.doi.org/10.1002/14651858.CD009877.pub2
http://dx.doi.org/10.1007/s40123-022-00540-9
https://datareportal.com/reports/digital-2022-italy
https://datareportal.com/reports/digital-2022-italy
http://dx.doi.org/10.1097/APO.0000000000000328
http://dx.doi.org/10.7717/peerj.14937


Mohan A, Sen P, Shah C, Datt K, Jain E. 2021. Binocular accommodation and vergence
dysfunction in children attending online classes during the COVID-19 pandemic:
digital eye strain in kids (DESK) study-2. Journal of Pediatric Ophthalmology and
Strabismus 58:224–231 DOI 10.3928/01913913-20210217-02.

Nichols JJ, WillcoxMD, Bron AJ, Belmonte C, Ciolino JB, Craig JP, DogruM, Foulks
GN, Jones L, Nelson JD, Nichols KK, Purslow C, Schaumberg DA, Stapleton F, Sul-
livan DA. 2013. The TFOS international workshop on contact lens discomfort: exec-
utive summary. Investigative Ophthalmology and Visual Science 54:TFOS7–TFOS13
DOI 10.1167/iovs.13-13212.

Nurra A, Tomeo V. 2020. Le imprese usano il web ma solo le grandi integrano le
tecnologie più avanzate [Internet]. Istituto Nazionale di Statistica - ISTAT Report
Imprese e ICT anno 2020. Available at https://www.istat.it/it/files/2020/12/REPORT-
ICT-NELLE-IMPRESE_2019_2020.pdf (accessed on 08 July 2022).

Portello JK, Rosenfield M, Bababekova Y, Estrada JM, Leon A. 2012. Computer-related
visual symptoms in office workers. Ophthalmic and Physiological Optics 32:375–382
DOI 10.1111/j.1475-1313.2012.00925.x.

Portello JK, Rosenfield M, Chu CA. 2013. Blink rate, incomplete blinks and computer
vision syndrome. Optometry and Vision Science 90:482–487
DOI 10.1097/OPX.0b013e31828f09a7.

Qu XM, Chu RY,Wang L, Yao PJ, Liu JR. 2005. Effects of short-term VDT usage on
visual functions. Zhonghua Yan Ke Za Zhi 41:986–989.

Rahman ZA, Sanip S. 2011. Computer user: demographic and computer related factors
that predispose user to get computer vision syndrome. International Journal of
Business, Humanities and Technology 1:84–91.

Raja AM, Janti S, Matheen A, Chendilnathan C, Ramalingam P. 2015. Cross-
sectional questionnaire study of ocular effects among IT professionals who
use computers. International Journal of Medicine and Public Health 1:63–66
DOI 10.4103/2230-8598.151264.

Ramada-Rodilla JM, Serra-Pujadas C, Delclós-Clanchet GL. 2013. Cross-cultural
adaptation and health questionnaires validation: revision and methodological
recommendations. Salud Publica de Mexico 55:57–66
DOI 10.1590/S0036-36342013000100009.

Ranasinghe P,WathurapathaWS, Perera YS, Lamabadusuriya DA, Kulatunga S,
Jayawardana N, Katulanda P. 2016. Computer vision syndrome among computer
office workers in a developing country: an evaluation of prevalence and risk factors.
BMC Research Notes 9:150 DOI 10.1186/s13104-016-1962-1.

RobertsonMM, Huang YH, Larson N. 2016. The relationship among computer
work, environmental design, and musculoskeletal and visual discomfort: ex-
amining the moderating role of supervisory relations and co-worker support.
International Archives of Occupational and Environmental Health 89:7–22
DOI 10.1007/s00420-015-1046-x.

Cantó-Sancho et al. (2023), PeerJ, DOI 10.7717/peerj.14937 17/19

https://peerj.com
http://dx.doi.org/10.3928/01913913-20210217-02
http://dx.doi.org/10.1167/iovs.13-13212
https://www.istat.it/it/files/2020/12/REPORT-ICT-NELLE-IMPRESE_2019_2020.pdf
https://www.istat.it/it/files/2020/12/REPORT-ICT-NELLE-IMPRESE_2019_2020.pdf
http://dx.doi.org/10.1111/j.1475-1313.2012.00925.x
http://dx.doi.org/10.1097/OPX.0b013e31828f09a7
http://dx.doi.org/10.4103/2230-8598.151264
http://dx.doi.org/10.1590/S0036-36342013000100009
http://dx.doi.org/10.1186/s13104-016-1962-1
http://dx.doi.org/10.1007/s00420-015-1046-x
http://dx.doi.org/10.7717/peerj.14937


Rosenfield M. 2011. Computer vision syndrome: a review of ocular causes and potential
treatments. Ophthalmic and Physiological Optics 31:502–515
DOI 10.1111/j.1475-1313.2011.00834.x.

Rosenfield M, Hue JE, Huang RR, Bababekova Y. 2012. The effects of induced
oblique astigmatism on symptoms and reading performance while view-
ing a computer screen. Ophthalmic and Physiological Optics 32:142–148
DOI 10.1111/j.1475-1313.2011.00887.x.

Salinas-Toro D, Cartes C, Segovia C, AlonsoMJ, Soberon B, SepulvedaM, Zapata C,
Yañez P, Traipe L, Goya C, Flores P, Lopez D, Lopez R. 2022.High frequency of
digital eye strain and dry eye disease in teleworkers during the coronavirus disease
(2019) pandemic. International Journal of Occupational Safety and Ergonomics
28:1787–1792 DOI 10.1080/10803548.2021.1936912.

Sánchez-BrauM, Domenech-Amigot B, Brocal-Fernández F, Quesada-Rico JA, Seguí-
CrespoM. 2020. Prevalence of computer vision syndrome and its relationship with
ergonomic and individual factors in presbyopic VDT workers using progressive
addition lenses. International Journal of Environmental Research and Public Health
17:1003 DOI 10.3390/ijerph17031003.

Sánchez-BrauM, Domenech-Amigot B, Brocal-Fernández F, Seguí-CrespoM. 2021.
Computer vision syndrome in presbyopic digital device workers and progressive lens
design. Ophthalmic and Physiological Optics 41:922–931 DOI 10.1111/opo.12832.

Sánchez-Valerio MDR,Mohamed-Noriega K, Zamora-Ginez I, Baez Duarte BG,
Vallejo-Ruiz V. 2020. Dry eye disease association with computer exposure
time among subjects with computer vision syndrome. Clinical Ophthalmology
14:4311–4317 DOI 10.2147/OPTH.S252889.

Seguí-CrespoM, Cabrero-Garcia J, Crespo A, Verdù J, Ronda E. 2015. A re-
liable and valid questionnaire was developed to measure computer vision
syndrome at the workplace. Journal of Clinical Epidemiology 68:662–673
DOI 10.1016/j.jclinepi.2015.01.015.

Seguí-CrespoM, Cantó-Sancho N, Ronda E, Colombo R, Porru S, Carta A. 2019. Trans-
lation and cultural adaptation of the computer vision syndrome questionnaire (CVS-
Q c©) into Italian.Medicina Del Lavoro 110:37–45 DOI 10.23749/mdl.v110i1.7499.

Seguí-CrespoM, Ronda-Pérez E, Yammouni R, Arroyo Sanz R, Evans BJW. 2022. Ran-
domised controlled trial of an accommodative support lens designed for computer
users. Ophthalmic and Physiological Optics 42:82–93 DOI 10.1111/opo.12913.

Sheppard AL,Wolffsohn JS. 2018. Digital eye strain: prevalence, measurement and ame-
lioration. BMJ Open Ophthalmology 3:e000146 DOI 10.1136/bmjophth-2018-000146.

Singh S, McGuinness MB, Anderson AJ, Downie LE. 2022. Interventions for the
management of computer vision syndrome: a systematic review and meta-analysis.
Ophthalmology 129:1192–1115 DOI 10.1016/j.ophtha.2022.05.009.

Stapleton F, Alves M, Bunya VY, Jalbert I, Lekhanont K, Malet F, Na KS, Schaumberg
D, UchinoM, Vehof J, Viso E, Vitale S, Jones L. 2017. TFOS DEWS II epidemiology
report. The Ocular Surface 15:334–365 DOI 10.1016/j.jtos.2017.05.003.

Cantó-Sancho et al. (2023), PeerJ, DOI 10.7717/peerj.14937 18/19

https://peerj.com
http://dx.doi.org/10.1111/j.1475-1313.2011.00834.x
http://dx.doi.org/10.1111/j.1475-1313.2011.00887.x
http://dx.doi.org/10.1080/10803548.2021.1936912
http://dx.doi.org/10.3390/ijerph17031003
http://dx.doi.org/10.1111/opo.12832
http://dx.doi.org/10.2147/OPTH.S252889
http://dx.doi.org/10.1016/j.jclinepi.2015.01.015
http://dx.doi.org/10.23749/mdl.v110i1.7499
http://dx.doi.org/10.1111/opo.12913
http://dx.doi.org/10.1136/bmjophth-2018-000146
http://dx.doi.org/10.1016/j.ophtha.2022.05.009
http://dx.doi.org/10.1016/j.jtos.2017.05.003
http://dx.doi.org/10.7717/peerj.14937


Sullivan DA, Rocha EM, Aragona P, Clayton JA, Ding J, Golebiowski B, Hampel U,
McDermott AM, Schaumberg DA, Srinivasan S, Versura P,WillcoxMDP. 2017.
TFOS DEWS II sex, gender, and hormones report. The Ocular Surface 15:284–333
DOI 10.1016/j.jtos.2017.04.001.

Taino G, Ferrari M, Mestad IJ, Fabris F, Imbriani M. 2006. Asthenopia and work at
video display terminals: study of 191 workers exposed to the risk by administration
of a standardized questionnaire and ophthalmologic evaluation. Giornale Italiano di
Medicina del Lavoro ed Ergonomia 28:487–497.

Talens-Estarelles C, García-Marqués JV, Cervino A, García-Lázaro S. 2021. Use
of digital displays and ocular surface alterations: a review. The Ocular Surface
19:252–265 DOI 10.1016/j.jtos.2020.10.001.

Tauste A, Ronda E, MolinaMJ, Seguí M. 2016. Effect of contact lens use on com-
puter vision syndrome. Ophthalmic and Physiological Optics 36:112–119
DOI 10.1111/opo.12275.

Toomingas A, HagbergM, HeidenM, Richter H,Westergren KE, Tornqvist EW.
2014. Risk factors, incidence and persistence of symptoms from the eyes among
professional computer users.Work 47:291–301 DOI 10.3233/WOR-131778.

UchinoM, Yokoi N, Uchino Y, DogruM, KawashimaM, Komuro A, Sonomura Y, Kato
H, Kinoshita S, Schaumberg DA, Tsubota K. 2013. Prevalence of dry eye disease and
its risk factors in visual display terminal users: the Osaka study. American Journal of
Ophthalmology 156:759–766 DOI 10.1016/j.ajo.2013.05.040.

Wolffsohn JS, Arita R, Chalmers R, Djalilian A, DogruM, Dumbleton K, Gupta PK,
Karpecki P, Lazreg S, Pult H, Sullivan BD, Tomlinson A, Tong L, Villani E, Yoon
KC, Jones L, Craig JP. 2017. TFOS DEWS II diagnostic methodology report. The
Ocular Surface 15:539–574 DOI 10.1016/j.jtos.2017.05.001.

Yan Z, Hu L, Chen H, Lu F. 2008. Computer vision syndrome: a widely spreading but
largely unknown epidemic among computer users. Computers in Human Behavior
5:2026–2042 DOI 10.1016/j.chb.2007.09.004.

Zayed HAM, Saied SM, Younis EA, Atlam SA. 2021. Digital eye strain: prevalence
and associated factors among information technology professionals, Egypt.
Environmental Science and Pollution Research International 28:25187–25195
DOI 10.1007/s11356-021-12454-3.

Cantó-Sancho et al. (2023), PeerJ, DOI 10.7717/peerj.14937 19/19

https://peerj.com
http://dx.doi.org/10.1016/j.jtos.2017.04.001
http://dx.doi.org/10.1016/j.jtos.2020.10.001
http://dx.doi.org/10.1111/opo.12275
http://dx.doi.org/10.3233/WOR-131778
http://dx.doi.org/10.1016/j.ajo.2013.05.040
http://dx.doi.org/10.1016/j.jtos.2017.05.001
http://dx.doi.org/10.1016/j.chb.2007.09.004
http://dx.doi.org/10.1007/s11356-021-12454-3
http://dx.doi.org/10.7717/peerj.14937

