
Journal of Optometry 17 (2024) 100510

www.journalofoptometry.org
ORIGINAL ARTICLE
Assessing the role of visual dysfunctions in the
association between visual symptomatology and the use
of digital devices
Pilar Cacho-Martíneza,*, Mario Cant�o-Cerd�ana, Francisco Lara-Lac�arcelb,
�Angel García-Mu~noza
a Departamento de �Optica, Farmacología y Anatomía, Universidad de Alicante, Spain
b Departamento de Oftalmología, Optometría, Otorrinolaringología y Anatomía Patol�ogica, Universidad de Murcia, Spain
* Corresponding author at: Apartado
Spain.

E-mail address: cacho@ua.es (P. Ca

https://doi.org/10.1016/j.optom.202
1888-4296/© 2023 Spanish General Cou
ND license (http://creativecommons.o
Abstract
Purpose: To evaluate the association between visual symptoms and use of digital devices consid-
ering the presence of visual dysfunctions.
Methods: An optometric examination was conducted in a clinical sample of 346 patients to diag-
nose any type of visual anomaly. Visual symptoms were collected using the validated SQVD ques-
tionnaire. A threshold of 6 hours per day was used to quantify the effects of digital device usage
and patients were divided into two groups: under and above of 35 years old. A multivariate logis-
tic regression was employed to investigate the association between digital device use and symp-
toms, with visual dysfunctions considered as a confounding variable. Crude and the adjusted
odds ratio (OR) were calculated for each variable.
Results: 57.02 % of the subjects reported visual symptoms, and 65.02% exhibited some form of
visual dysfunction. For patients under 35 years old, an association was found between having visual
symptoms and digital device use (OR = 2.10, p = 0.01). However, after adjusting for visual dysfunc-
tions, this association disappeared (OR = 1.44, p = 0.27) and the association was instead between
symptoms and refractive dysfunction (OR = 6.52, p < 0.001), accommodative (OR = 10.47,
p < 0.001), binocular (OR = 6.68, p < 0.001) and accommodative plus binocular dysfunctions
(OR = 46.84, p < 0.001). Among patients over 35 years old, no association was found between symp-
toms and the use of digital devices (OR = 1.27, p = 0.49) but there was an association between symp-
toms and refractive dysfunction (OR = 3.54, p = 0.001).
Conclusions: Visual symptoms are not dependent on the duration of digital device use but rather
on the presence of any type of visual dysfunction: refractive, accommodative and/or binocular
one, which should be diagnosed.
© 2023 Spanish General Council of Optometry. Published by Elsevier España, S.L.U. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
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Introduction

In recent years, there has been a growing trend in the
extended use of near vision, either for studying, particularly
among young individuals, or for employment in occupations
that align with modern demands of society. Technology is
increasingly being used to facilitate the development of
both educational and professional activities. Most of this
technology refers to digital devices such as computers,
smartphones or tablets.1 These devices are very common in
today’s society, being easily accessible from an early age
and suitable for individuals of all age groups. In this sense,
several studies have shown that an abusive use of all these
devices could cause the appearance of symptoms.1-8 Accord-
ingly, it is reasonable to hypothesize that any existing visual
dysfunction (such as refractive, accommodative or binocular
dysfunction) in a patient might influence or exacerbate the
manifestation of this symptomatology.

Uncorrected refractive errors have been related to
numerous symptoms during near tasks and their prevalence
is significant when considering the presence of symptoms.9

Likewise, to maintain a clear and single image during near
work activities, both the accommodative and convergence
systems must function properly. If either of these systems
fails, resulting in accommodative and/or vergence dysfunc-
tions (also known as general binocular dysfunctions), sub-
jects may complain of symptoms.10 Several studies have
shown that general binocular dysfunctions are commonly
found in clinical practice, and although there is considerable
disparity in their reported prevalence based on scientific
evidence,11 there are different symptoms associated with
these anomalies.10-13 A systematic review by García-Mu~noz
et al.14 demonstrates the disparity of symptoms associated
with these anomalies, as well as differences in the way of
asking about symptoms and the measurement of their sever-
ity. There seems to be no clear definition of the problem,
which makes it difficult to provide precise data on the asso-
ciation between visual symptoms and the duration of digital
device use, as well as to identify potential factors that may
influence the appearance of these symptoms, such as visual
dysfunctions. In this sense, the scientific literature15 has
also shown the disparity of symptoms which experts consider
that may be related with any type of visual anomalies. For
that reason, it has been developed a questionnaire to evalu-
ate symptoms related to any type of visual anomalies. This is
the tool named Symptom Questionnaire Visual Dysfunctions
(SQVD)16,17 which has been shown to be an accurate, valid
and reliable questionnaire to detect visual symptoms related
to any type of refractive, accommodative and binocular dys-
functions.

Several studies have analysed the association between
visual symptoms and hours of use of digital devices,3,5-7,18

although there is little agreement between the symptoms
that appear after hours of use. Several authors have shown
for young people, that one hour of tablet or smartphone use
increases eye strain and blur.2,19 Other studies have shown
that adolescents have increased ocular discomfort and visual
symptoms when using smartphones for more than two hours
per day.20 And other studies5,7,18,21-23 consider the use of 6 h
per day is related to these symptoms.

In any case, none of these studies analysed whether a
particular visual dysfunction could contribute to these
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symptoms. Thus, it cannot be definitively concluded that
the symptoms are solely caused by the specific use of these
devices, as is commonly assumed. In fact, according to the
concept of computer vision syndrome, patients are consid-
ered to have this syndrome regardless of whether they have
a refractive, accommodative, or binocular anomaly that
could be the underlying cause of several symptoms.24-28

Therefore, the aim of this study is to examine the associ-
ation between visual symptoms reported by patients of a
clinical sample and the hours of daily duration of digital
device use, when considering the presence of any type of
visual anomaly, including refractive, accommodative or bin-
ocular one.
Methods

In order to achieve the aim of the study, a prospective study
of a clinical sample of subjects from an optometric clinic
(primary care clinic) was performed. Regarding the inclusion
criteria, subjects with any type of ocular pathology, refrac-
tive surgery, dry eye or who were taking medication that
could alter visual function, were excluded from the study.
The clinical sample included 346 patients between 13 and
65 years old with a mean value of 32.95 § 14.56 years. Of
the 346 patients, 121 were men (35%) and 225 women (65%).

Informed consent was obtained from all subjects after
giving them an explanation of the nature of the study. For
underaged participants (those under 18 years of age), were
their parents or legal guardians who accepted the study’s
participation principles and signed the informed consent,
and the participants also gave their consent to participate.
This research followed the tenets of the Declaration of Hel-
sinki and was approved by the University of Alicante’s Ethics
Committee.

All patients included underwent a complete visual exami-
nation to determine the existence of any visual anomaly
Thus, refractive examination was developed for all of them.
Accommodative tests were only done for those subjects until
35 years old to avoid possible effects of pre-presbyopia.7,8,29

Binocular vision tests were done for all subjects indepen-
dently of their age, so that in the case of the presbyopic sub-
jects, the binocular test needed to be done at near distance
were performed with their appropriate addition in place.

The examination included the following:

� Symptomatology. The SQVD16,17 was completed by all
patients of the sample. The questionnaire has 14 items
and each item has a Likert scale with three response
options to indicate the frequency of the symptom: No,
Occasionally or often and Almost always. The answer for
each item is assigned a score between 0 and 2 points, and
the total SQVD score is then obtained by adding the 14
individual item scores. The scores can then range from 0
to 28. Patient scores � 6 indicate the presence of visual
symptoms related to some type of visual dysfunction, be
it refractive, accommodative or binocular. Results of this
questionnaire were not taken into account to diagnose
any visual condition (refractive, accommodative or bin-
ocular one).

� Refractive examination. It was achieved by means of reti-
noscopy and subjective examination. The subjective
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examination was performed by means of monocular fog-
ging method with cross-cylinder followed by binocular
balancing to a standard endpoint of maximum plus for
best visual acuity. Once obtained the maximum plus value
for best visual acuity, this result of the subjective exami-
nation was then used as the baseline for all accommoda-
tive and binocular vision tests.

� Accommodative tests.30 Monocular accommodative
amplitude (push-up method31), monocular and binocular
accommodative facility using § 2.00 D flipper lenses at
40 cm, monocular estimate method (MEM) dynamic reti-
noscopy, and positive and negative relative accommoda-
tions at 40 cm were done.

� Binocular vision tests.30 The following test were per-
formed. Unilateral and alternate cover test measure-
ments for distant and near vision (using a prism bar, the
deviation value was midway between the low and high
neutral findings using an alternate cover test). Measure-
ment of gradient and calculated AC/A ratio. Near point
of convergence using an accommodative target of 20/30
visual acuity moving the target away from the subject at
a speed of approximately 1 to 2 cm per second32 until the
break and recovery findings were recorded. Positive and
negative fusional vergences determined at far and near
vision with Risley prism (with a smooth gradual increase
in prism power). Both fusional vergences were measured,
although their order was performed according to the sub-
ject’s type of heterophoria (for exophoria the positive
fusional vergence was measured first and the negative
fusional vergence was performed first for esophoria).
Vergence facility using 3Δ base in/ 12D base out prism
combination at 40 cm. Worth test and stereopsis mea-
surement using graded circles of Randot SO-002 test.

After conduction all these tests, results were analysed to
determine the presence of refractive, accommodative and/
or binocular anomalies within each age group. To avoid bias
in diagnosing dysfunctions, this process was performed by
two authors who were different from the individual who con-
ducted the visual examination. Furthermore, the authors
who carried the analysis were masked to the SQVD scores,
ensuring a masked approach.

To diagnose refractive dysfunctions,30 each patient was
checked for any change in their habitual refraction with
respect to the subjective examination obtained in this study.
The clinical criteria applied to establish this difference were
having at least one of the following conditions:

1. A less negative subjective examination result than the
habitual refraction; in other words, that the patient was
overcorrected for myopia (equal to or greater than 0.50
D).
2. Changes in the sphere or cylinder equal to or greater
than 0.50 D, with which visual acuity was increased by at
least one line with the new refraction.

Accordingly, patients were diagnosed with refractive dys-
function (RD) when the subject used a different habitual
refraction to that indicated by the subjective examination
(as explained above) or when the subject did not use a pre-
scription but needed it. Thus, those patients whose subject’s
3

habitual refraction was satisfactory were considered with-
out refractive dysfunction.

Accommodative dysfunctions (AD) and nonstrabismic bin-
ocular dysfunctions (BD) were diagnosed according to the
criteria described in the scientific literature.10,12,13,30 As the
scientific literature has only shown the diagnostic validity
for several anomalies12,13 it was decided to make a diagnosis
based on the number of clinical signs associated with each
dysfunction, classifying the signs that could be associated
with each dysfunction as fundamental and complementary.
For this purpose, we used the clinical signs as fundamental
and complementary signs according to the scientific
literature,10,12,13 following the criteria of García-Mu~noz
et al.30 Thus, for the diagnosis of an accommodative or bin-
ocular dysfunction, in addition to the fundamental clinical
sign associated with each dysfunction, subjects needed to
show two or more complementary signs. Accommodative
dysfunctions were only diagnosed for subjects until 35 years
old, as the accommodative tests in higher ages may be influ-
enced by the proximity of presbyopia.29 However, binocular
anomalies did were tested in the group of patients over
35 years old.

Subjects who presented both an accommodative and a
binocular dysfunction (AD + BD) were included in this group
if they presented the fundamental clinical sign of each dys-
function as well as at least one complementary sign for each
of them.

Furthermore, when the same subject presented a refrac-
tive dysfunction and an accommodative and/or binocular
dysfunctions, these subjects were included within the group
corresponding to their accommodative and/or binocular dys-
function, even though they also presented with a refractive
dysfunction.

Strabismus and amblyopia were diagnosed following the
Multi-ethnic Pediatric Eye Disease Study Group (MEPEDS
study) criteria.33-35 Strabismus was considered when a het-
erotropia at distance and/or near fixation was present, with
or without spectacle correction and was classified as esotro-
pia, exotropia or hypertropia. Unilateral amblyopia was
defined as a � 2-line interocular difference in best corrected
visual acuity (BCVA) with �20/32 in the worse eye and pres-
ence of a unilateral amblyopia risk factor. Bilateral ambly-
opia was defined as bilaterally deficient BCVA (<20/50
in 30�47 months or <20/40 in �48 months) in the presence
of bilateral isoametropia or with evidence of visual axis
obstruction of both eyes.

Those subjects who did not have any visual dysfunction
were classified as a group without dysfunction. Therefore, in
this group were both patients who did not have any refrac-
tive dysfunction and those who did not have any type of
accommodative/binocular anomaly.

Data analysis

Patients were asked to report the number of daily hours
using all digital devices (including the time spent using the
computer, tablet, smartphone and all other digital devices)
so that number of hours was referred to the total use of devi-
ces. The time of use of these devices was categorized
according to the number of hours used. According to the sci-
entific literature a threshold of 6 h per day was used to quan-
tify the effects of using digital devices.5,7,18,21-23,28,36,37
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Thus, dichotomous variables were created dividing the sam-
ple between those patients with equal or less than 6 h of
using and those with more than 6 h.

In addition to that, the sample was divided into two
groups of patients according to the age, patients under and
over 35 years old.

The association between the number of hours of digital
device use and the presence or absence of visual symptoms
according to the SQVD was analysed using a multivariate
logistic regression. In this analysis, the presence of any
visual dysfunction (RD, AD, BD, AD + BD, strabismus, and
amblyopia) was considered a confounding variable for the
association between symptoms and the number of hours
using these devices. Therefore, the likelihood of having
visual symptoms according to the hours of digital device use
was analysed after eliminating the possible effect that these
visual dysfunctions could have on this association. This
assessment was evaluated by means of a multivariate logis-
tic regression, showing the crude odds ratio (OR) and the
adjusted OR for each variable analysed.

The statistical analysis was performed using the SPSS 26.0
statistical tool for Windows.
Results

Of the 346 subjects examined, 198 patients (57.2 % of the
total) had symptoms according to the SQVD. There was no
association between having symptoms and sex (p = 0.205 for
patients under 35 years, p = 0.444 for patients over 35
years). Table 1 shows the symptoms encountered in the sam-
ple, according to the 14 items showed in the SQVD.

According to the visual anomalies encountered, 226 sub-
jects (65.32% of the total) had any type of visual anomaly.
Table 2 shows the distribution of patients for each group of
dysfunctions, for the overall sample and the two subgroups
made in the sample, subjects between 13 and 35 years old
and the group of patients between 36 and 65 years old.

Results of the crude OR to assess the association between
having symptoms and the different variables analysed (that
Table 1 Symptoms according to the 14 SQVD items, encountered

Overall sample (n =346) %

1. Headache 160 46.24
2. Blurred vision 156 45.09
3. Red or sore eyes 147 42.49
4. Head, book, paper, mobile, tab-

let tilt
151 43.64

5. Reread the text 152 43.93
6. Inability to estimate distance

accurately
86 24.86

7. Watery eyes 127 36.71
8. Difficulty focusing from one dis-

tance to another
164 47.40

9. Neck or back pain 150 43.35
10. Dry or gritty eyes 157 45.38
11. To squint the eyes to see better 144 41.62
12. Feel sleepy 149 43.06
13. Fixation difficulty 131 37.86
14. Glare or excessive sensitivity

to light
185 53.47
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is, the hours of digital device use and the different groups of
visual dysfunctions) are shown in Table 3. Table 4 shows the
results of the multivariate logistic regression, showing the
adjusted OR for all variables analysed: the hours of using
digital devices and the presence of each group of dysfunc-
tions.

Results for patients under 35 years (Table 3) revealed a
statistically significant association (OR 2.10, p = 0.01)
between having visual symptoms and the use of digital devi-
ces for more than 6 h. And the same was happen for all visual
dysfunctions, for which there was an association between
having visual symptoms and the presence of any type of
visual dysfunction, except for the group of strabismus and
amblyopia. However, when adjusting by the confounding
variables (Table 4), the multivariate logistic regression
showed that the variable of the hours of using digital devices
was no longer associated with symptoms whilst all items
related to each type of visual dysfunctions obtained statisti-
cally significant OR, showing association.

For the group of patients over 35 years (Table 3), the
crude OR showed that there was not a statistical association
between symptoms and the use of digital devices (OR 1.27,
p = 0.49), so that the multivariate logistic regression did not
have to be done. The crude OR was not obtained for
accommodative dysfunctions (as there was no anomaly) nor
for binocular dysfunctions (as there were only 2 patients).
Discussion

The results of this research in a clinical population show that
the likelihood of presenting visual symptoms does not
depend on the hours of digital device use but rather on the
presence of any type of visual dysfunctions, including refrac-
tive, accommodative and/or binocular one.

It was found that 57.2 % of the analysed sample in this
study reported some type of visual symptoms according to
the SQVD. These results are lower than other studies, but
their differences may be attributed to variations in the
patient populations examined. For instance, Altalhi et al.,36
in the patients of the sample.

Group 13�35 years
(n = 209)

% Group 36�65 years
(n = 137)

%

113 54.07 47 34.31
76 36.36 80 58.39
86 41.15 61 44.53
85 40.67 66 48.18

97 46.41 55 40.15
47 22.49 39 28.47

72 34.45 55 40.15
88 42.11 76 55.47

106 50.72 44 32.12
90 43.06 67 48.91
90 43.06 54 39.42
102 48.80 47 34.31
78 37.32 53 38.69
108 51.67 77 56.20
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who analysed university students, reported that the 97.3% of
participants had symptoms related to digital devices. Porcar
et al.,7 focusing on adult workers who used video display
units (VDU) for their occupation, reported a frequency of
72% of patients with symptoms. Other example of higher val-
ues of symptoms is seen in the study by Kharel et al.38 in
which the authors found a prevalence of symptoms of 71.6%
in a sample of university students. Although our results are
not exactly equal, they are closer to those found in a rando-
mised sample,10 where 44.6% of subjects had symptoms and
in which the information was collected in a clinical sample
as we did. The fact of having a randomised sample may be
the reason for these differences, as when patients are col-
lected in a randomised way, there is less likelihood to have a
particular event, in this case, symptoms.

Considering visual dysfunctions, 65.02% of the subjects in
this sample presented visual anomalies, a value which
agrees with the score of 58.3% reported in other studies that
used the same diagnostic criteria.30 These values are higher
than others found in the scientific literature,11 which is logi-
cal since our sample was a clinical population where individ-
uals with visual dysfunctions are more likely to be present.
In any case, specifying by dysfunctions, the prevalence
results for accommodative and binocular anomalies agree
with those found by other studies, as those values found in
the study by Garcia- Mu~noz et al.,30 conducted on a random
sample of university students, as well as those observed in
the study by Porcar et al.,8 which evaluated subjects who
were digital devices users. This suggests that our sample,
despite not being random, is indeed representative in terms
of visual dysfunctions compared to what is reported in the
scientific literature.

Regarding the relationship of the symptomatology to the
hours of use of digital devices, our results show that in crude
analysis, there was no association between the use of digital
devices and symptoms for patients over 35 years old. This
result agrees with that of S�anchez-Brau et al.39 in which the
authors found no association between symptoms and the use
of more than 6 h with digital devices in workers over 45 years
old. However, we did find an association between symptoms
and the presence of refractive dysfunction, highlighting the
importance of wearing the appropriate refractive correction
for these individuals.

For patients under 35 years old, there were an association
between the number of hours of using these devices and the
presence of symptoms, but this association disappeared
when considering the confounding factor of having a visual
dysfunction. And this piece of evidence means that the hours
of digital device use are not the causal factor for these
symptoms, but rather these symptoms appear because the
patients have visual dysfunctions. This is the most significant
and important finding of our study, challenging the common
assumption that the use of smartphones, tables or com-
puters directly causes visual symptoms. And that is not the
case. Our results show a novel perspective that has not been
previously explored.

In this sense, in the scientific literature, several stud-
ies3,5-8,18,21-28,36-38,40 have analysed the association between
symptoms and the use of these digital devices. Some of
them3,5,7,8,18,21-27,38,40 have found an association between
visual symptoms and their use, particularly they have
observed that symptoms improve when using these devices
5

since 2 h,8,38,40 4 h,26 5 h3,24,25,27 and 6 h.5,7,18,21-23 And
there are other authors who have not observed this
association,6,28,36,37 for which, once again, a threshold of
greater than 6 h per day of device usage was the most com-
monly employed duration for this analysis.28,36,37

According to the studies which have shown this associa-
tion between symptoms and the number of hours of using
these devices,3,5,7,8,18,21-27,38,40 two of them,23,25 did not
consider the presence of any visual anomalies, nor did they
perform a visual examination or asking for the habitual pre-
scription, thus failing to account this aspect when analysing
their results. The other studies3,5,7,8,18,21,22,24,26,27,38,40 did
consider the refractive status of patients, with only four of
them performing a visual examination7,8,38,40 while the
others only asked about the use of an optical correction
when using these devices.3,5,18,21,22,24,26,27 However, none
of these studies considered the possibility that a visual
anomaly could be a confounding factor that could be related
to visual symptomatology. As a result, they cannot assure
that symptoms were due to the use of these devices. For
that reason, all of these studies are not comparable to our
results. In contrast, by conducting a complete visual exami-
nation, we have been able to diagnose any type of visual
anomaly, clearly showing how the confounding factor of hav-
ing any type of visual dysfunctions can influence the results.

Furthermore, among those studies that found an associa-
tion between having symptoms and the number of hours
of using these devices,3,5,7,8,18,21-27,38,40 only three
studies21,26,40 performed an association analysis using logis-
tic regression to assess the association between the number
of hours of device use and the presence of symptoms. How-
ever, none of them considered the adjusted odds ratio (OR)
for the presence of visual dysfunction to examine whether
these anomalies (refractive, accommodative or binocular)
could be a confounding factor between the number of hours
of using the devices and the visual symptoms.

According to the studies which have not shown this asso-
ciation between symptoms and the use of these
devices,6,28,36,37 three of them6,36,37 did not perform any
refractive examen and did not take into account the refrac-
tive status of the patients. Only one study28 considered the
refractive error of patients (but not other accommodative
and binocular anomalies) but they did not take into account
this variable as a confounding factor in a multivariate logis-
tic regression, which could bias their results. In any case,
since none of these studies6,23,28,36 performed an association
analysis adjusting for the presence of a visual anomaly, their
results were biased in this sense.

As mentioned above, our study has not encountered an
association between symptoms and the use of these devices,
but with different visual dysfunctions: refractive, accommo-
dative, binocular and accommodative plus binocular ones.
Results show that a person with these visual anomalies is
more likely to have visual symptoms compared to a person
who does not have them. These findings are in agreement
with those obtained by other authors10 who obtained that
subjects with some kind of visual dysfunction are more likely
to experience symptoms than those without any visual
anomaly.

In any case, our results are not comparable with those
studies in which the authors found an association between
symptoms and the number of hours of using these digital



Table 2 Number of patients within each dysfunction category, for the overall sample and the two subject subgroups, aged 13 to 35 years, and 36 to 65 years old. (AI: accommoda-
tive insufficiency, AE: accommodative excess, CI: convergence insufficiency, CE: convergence excess, DI: divergence insufficiency, BE: basic esophoria; BX: basic exophoria; CI95%:
confidence interval at 95%).

Dysfunction Overall sample Group 13�35 years old Group 36�65 years old

Patients % (CI95%) Patients % (CI95%) Patients % (CI95%)

Without dysfunction 120 34.68 (29.78�39.59) 62 29.67 (23.47�35.86) 58 42.34 (34.06�50.61)
Refractive dysfunction 119 34.39 (29.50�39.29) 49 23.44 (17.70�29.19) 70 51.09 (42.72�59.47)
Accommodative dysfunction 23 6.65 (4.08�9.21) 23 11.00 (6.76�15.25)
AI 3 0.87 (0.00�1.82) 3 1.44 (0.00�3.05)
AE 20 5.78 (3.38�8.18) 20 9.57 (5.58�13.56)

Binocular dysfunction 48 13.87 (10.31�17.43) 46 22.01 (16.39�27.63) 2 1.46 (0.00�3.47)
CI 17 4.91 (2.69�7.14) 15 7.18 (3.68�10.68) 2 1.46 (0.00�3.47)
CE 13 3.76 (1.80�5.72) 13 6.22 (2.95�9.49)
CE + Hyperphoria 1 0.29 (0.00�0.84) 1 0.48 (0.00�1.41)
DI 5 1.45 (0.22�2.67) 5 2.39 (0.32�4.46)
BE 7 2.02 (0.57�3.47) 7 3.35 (0.91�5.79)
BX 2 0.58 (0.00�1.36) 2 0.96 (0.00�2.28)
Hyperforia 3 0.87 (0.00�1.82) 3 1.44 (0.00�3.05)

Accommodative + Binocular dysfunctions 17 4.91 (2.69�7.14) 17 8.13 (4.43�11.84)
CI + AI 3 0.87 (0.00�1.82) 3 1.44 (0.00�3.05)
CI + AE 11 3.18 (1.37�4.99) 11 5.26 (2.24�8.29)
CE + AE 1 0.29 (0.00�0.84) 1 0.48 (0.00�1.41)
DI + AE 1 0.29 (0.00�0.84) 1 0.48 (0.00�1.41)
BX + AE 1 0.29 (0.00�0.84) 1 0.48 (0.00�1.41)

Strabismus 17 4.91 (2.69�7.14) 11 5.26 (2.24�8.29) 6 4.38 (0.95�7.81)
Exotropia 10 2.89 (1.16�4.62) 4 1.91 (0.06�3.77) 6 4.38 (0.95�7.81)
Esotropia 6 1.73 (0.39�3.08) 6 2.87 (0.61�5.13)
Hypertropia 1 0.29 (0.00�0.84) 1 0.48 (0.00�1.41)

Amblyopia 2 0.58 (0.00�1.36) 1 0.48 (0.00�1.41) 1 0.72 (0.00�2.16)
Total patients 346 100% 209 100% 137 100%
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Table 3 Crude odds ratio (OR) of the association between visual symptoms and the variables of using digital devices and having
visual dysfunctions, for the group under 35 years old and the group over 35 years old. (*: indicates statistically significative; AD:
accommodative dysfunction; BD: binocular dysfunction).

Group 13�35 years old Group 36�65 years old

Items Crude OR 95% CI p value Crude OR 95% CI p value

Lower Upper Lower Upper

Use of digital devices (> 6 h) 2.10 1.20 3.67 0.01* 1.27 0.64 2.53 0.49
Refractive Dysfunction 2.00 1.01 3.96 0.046* 3.54 1.73 7.23 0.001*
Accommodative Dysfunction 3.10 1.10 8.69 0.032*
Binocular Dysfunction 2.05 1.02 4.12 0.045*
AD + BD 14.12 1.84 108.58 0.011*
Strabismus and amblyopia 1.09 0.33 3.54 0.89 1.89 0.35 10.11 0.46

Table 4 Multivariate logistic regression with the adjusted odds ratio (OR) of the association between visual symptoms and visual
dysfunctions, for the group under 35 years old. (*: indicates statistically significative).

Items Adjusted OR 95% CI p value

Lower Upper

Use of digital devices (> 6 h) 1.44 0.75 2.74 0.27
Refractive Dysfunction 6.52 2.88 14.77 <0.001*
Accommodative Dysfunction 10.47 3.38 32.43 <0.001*
Binocular Dysfunction 6.68 2.91 15.32 <0.001*
Accommodative and Binocular Dysfunction 46.84 5.78 379.54 <0.001*
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devices,3,5,7,8,18,21-27,38,40 and the explanation is due to the
different samples analysed. Our sample is a clinical one and
the other studies usually examine samples with particular
characteristics, as office workers,3,5,8,18,23,24 computer
users6,7,23,40 or students.8,22,23,25-27,36,38 And certainly, both
approaches may be complimentary to obtain a picture of the
situation. Office workers may be appropriate samples to
reflect the situation in offices, but clinical samples are
essential for considering the situation in the clinical prac-
tice, as they are representative of patients who suffer symp-
toms and attend an optometric clinic where these visual
conditions are commonly seen. In fact, it must be taken into
account that workers or computer users who experience
symptoms, are likely to visit an optometric clinic to solve
their visual problems. Therefore, this approach must be ana-
lysed to know what happens to patients who visit an opto-
metric clinic with these problems.

In this sense, considering the findings of this study that
have shown an association with the presence of any type of
visual dysfunction, this factor must be contemplated as a con-
founding factor. So, in future studies focused on particular
samples, such as workers who use computers, or studies on
computer visual syndrome (CVS), it should be taken into
account the fact that the presence of a visual dysfunctions
(refractive, accommodative and/or binocular one) may be a
confounding factor. It must be considered that those question-
naires which are used to determine the presence of CVS have
many items which are the same questions about visual symp-
toms related to these visual anomalies. It is highly likely that
many patients diagnosed with CVS, actually have undiagnosed
7

and untreated visual dysfunctions. This argument agrees with
the results of the systematic review of Jaiswal et al.1 in which
the authors state that when using these digital devices,
accommodation and vergence systems are altered so that the
impact on patients with accommodative and binocular vision
anomalies needs to be determined in these studies.

In conclusion, based on the clinical sample analysed in
this study, the likelihood of presenting visual symptoms does
not depend on the hours of digital devices use but rather on
the presence of a refractive, accommodative and/or a bin-
ocular anomaly. Patients with visual dysfunctions are more
prone to present visual symptoms when using digital devices
compared to those without such visual anomalies. This
implies that when clinicians examine those patients who use
these various digital devices, they should consider that
visual symptoms are not due to the use of tablets, smart-
phones or computers, but rather to the presence of a refrac-
tive, accommodative or a binocular anomaly which may be
diagnosed and treated by clinicians.
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