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Purpose: To analyze the outcomes of screen-time reduction on the foveal responses that associates computer vision syndrome (CVS) 
using multifocal electroretinogram (mfERG) examination.
Methods: This prospective multicenter cohort comparative study included 49 eyes of 49 medical students divided into two groups. 
Group A (control group) included 25 eyes with no CVS diagnosis while group B (CVS group) included 24 eyes with CVS diagnosis. 
All students responded to the valid and reliable CVS-Form 3 (CVS-F3) questionnaire and underwent complete ophthalmic and mfERG 
examinations twice at the time recruitment in the study and four weeks after strict reduction of the daily screen-hours to ≤1 screen-hour 
daily to document associated foveal responses.
Results: We documented statistically significant reduction in foveal responses in CVS versus control groups in mean mfERG Rings 1, 2, 
and 5 with Quadrants 1, 2, and 4 (P=<0.0001, 0.0001, 0.0003, 0.001, 0.002, and 0.006, respectively). Following the screen-time reduction, 
the second mfERG examination revealed significant post-reduction improvements in foveal responses in CVS group particularly in mean 
mfERG Rings 1, 2, 3, and 5 with Quadrants 1 and 4 (P=<0.0001, <0.0001, 0.0005, 0.02, <0.0001, and 0.04, respectively).
Conclusion: This study documented the screen-induced foveal dysfunction that associates CVS using mfERG examination, which revealed 
remarkable significant improvements in foveal responses in the 4 weeks following strict screen-time reduction. These improvements were also 
associated with corresponding improvements in the visual performances. We suggest that the potential screen-induced foveal dysfunction 
outcomes might be reversible with strict screen-time reduction. We also recommend that educational institutional policies should limit online 
education-hours and redesign the mandated computer system use program to guard against visual sequelae of CVS.
Clinical Trials Registration: ClinicalTrials.gov (ID: NCT04405648).
Keywords: computer vision syndrome, digital eye strain, multifocal electroretinogram, screen-induced foveal dysfunction

Introduction
Computer vision syndrome (CVS) is a multifactorial syndrome that basically affects the eye, the musculoskeletal system, the 
circadian rhythms, the behavioral and sleep patterns, the social lifestyle, the occupational performances, and the public 
health.1–11 The American Optometric Association defined CVS as a group of eye-related and vision-related problems that 
result from prolonged computer, tablet, laptop, e-reader and cell phone use.1 The ocular complaints include dry eye disease 
(DED), visual blur, reduced visual performances, eye strain, asthenopia, accommodation-convergence imbalance, diplopia, 
and near objects visualization difficulties. The extraocular complaints include sleep disturbances, insomnia, headache, 
depression, pain in the neck, back, and shoulders, weakness in the fingers from arthritis and tendonitis.1–34

The prevalence rate of CVS varies from less than 50% to over 90% according to age, occupation, country, and 
education.7–12,14–19,22,30,35–39 Unfortunately, the COVID-19 pandemic has increased the average daily students’ require
ments of total screen-hours for online learning and augmented the need for the educational mandated computer system 
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use program.9,28,30,33,35–39 Thus, we require more awareness campaigns to increase students’ awareness of CVS hazards 
and protective measures.9,22,29,31,34,36

Several studies concluded that the unexplained reduction in the visual functions and performances could be attributed to the 
smartphones and digital screens.7,8,10,13,39–47 Electronic devices or screens might be responsible for the emergence of unex
plained recent era of deterioration of visual functions and performances with underlying mechanisms not fully understood.13 

Reduction of the visual sensitivity in the dark with smartphone use has been reported.42 Hand-held devices are responsible for 
reduction of fusional convergence and recession of near point of convergence.40 Linearly polarized smartphones are responsible 
for asthenopia and reduced confusion flicker frequency.10 Smartphone has adverse effects on binocular vision by decreasing the 
binocular accommodative facility.44 Electronic devices might be responsible for accommodative disorders and convergence 
insufficiency in pediatric users.47 There is lack of studies in the literature investigating the macular integrity and functions.25

Recently, two studies7,8 documented the existence of screen-induced foveal dysfunction by using mfERG examination. This 
reduction in the foveal responses explained the associated reduction in the visual performances and considered as CVS-related 
visual sequelae in their conclusions.7,8 Both studies reported that the recorded mfERG findings revealed macular cone/bipolar 
cell dysfunction as they suggested that CVS had elicited mfERG changes from light exposure as a result of electrode-focusing 
effects, cone adaptation, and/or the spectral output of digital or electronic screens which varied between subjects.7,8

Therefore, we conducted this study to document the mfERG changes foveal responses in cases with screen-induced 
foveal dysfunction before and after strict reduction of the screen-time to ≤1 screen-hour daily as our primary outcomes. 
Meanwhile, our secondary outcome was discovering the associated changes in visual performances.

Methods
Our study was designed as a prospective cohort comparative study, which was approved by the Ethics Committee in the 
Faculty of Medicine, Sohag University, Egypt. Furthermore, the study obtained its trial registry number from the 
ClinicalTrials.gov (ID: NCT04405648). Our study adhered to the tenets of the Declaration of Helsinki. The nature of 
visual, ocular, and extraocular hazards with potential risk factors of CVS was explained carefully to all participants who 
signed an informed consent prior to enrolment in the study.

Our study included 49 eyes of age- and sex-matched 49 participants (students), who were divided into two groups. 
Group A (control group) included 25 eyes of 25 students with no CVS diagnosis while group B (CVS group) included 24 
eyes of 24 students but with CVS diagnosis. In group B, all students diagnosed with CVS had fulfilled Iqbal’s criteria6–8 

for CVS diagnosis, which included four major criteria. These criteria were the presence of ≥1 ocular CVS-symptoms, the 
presence of ≥1 extraocular CVS-symptoms, the presence of ≥1 CVS symptoms-attacks while all symptoms should be 
related to the time of the screen use and the presence of ≥1 CVS-signs on ophthalmic examination as DED, refractive 
errors, unexplained visual acuity reduction, or mfERG examination documenting screen-induced foveal dysfunction.

Our inclusion criteria in group A included normal healthy controls not diagnosed with CVS or having eye or systemic 
complaints, ie, no ocular or extraocular complaints. On the other hand, the inclusion criteria in group B included subjects 
diagnosed with CVS according to the self-assessment questionnaire and ophthalmic examination. Our exclusion criteria for both 
groups were concomitant eye and/or retinal pathology or infection, associated accommodation-convergence imbalance, systemic 
diseases, on current medication, previous eye or systemic disease or surgery and students who could not strictly reduce their- 
screen time.

We included only one eye for each subject in our study to reduce the potential statistical bias. At first, both eyes underwent 
ophthalmic and fundus examinations for each participant but only participants with both eyes fulfilling the eligibility criteria were 
included in this study. Thereafter, a coin toss was performed separately for each participant and only one eye (left or right eye) 
was randomly included for each participant. Following the coin toss, only the selected eye underwent mfERG examination.

All students were subjected to valid and reliable self-assessment CVS questionnaire-form 3 (CVS-F3)7,8 with 
a Cronbach’s alpha reliability coefficient of 0.742.7,8 They responded to CVS-F3 at the beginning and the end of the 
study four weeks. Furthermore, they were also subjected to objective complete ophthalmic examination including slit- 
lamp examination, visual acuity measurements of both uncorrected distance visual acuity (UDVA) and corrected distance 
visual acuity (CDVA) measured in logarithm of minimal angle of resolution (logMAR), manifest refraction, fundus 
examination and mfERG examination to document presence or absence of associated screen-induced foveal dysfunction.
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Moreover, we performed the mfERG examination twice for all study participants. The first mfERG examination was 
performed at the time of recruiting subjects in their groups with ophthalmic examination to document any potential associated 
screen-induced foveal dysfunction. Meanwhile, the second mfERG examination was performed four weeks after reduction of the 
daily screen-hours to ≤1 hour daily to document any potential improvement in the foveal function following screen-hour 
reduction. Furthermore, we also recorded the outcomes of UDVA and CDVA at the time of the second mfERG.

Complete ophthalmic examinations were performed for all study participants. Our aim was to prove or exclude the CVS 
diagnosis according to our eligibility criteria. Meanwhile, our main interest was to focus on the mfERG examination outcomes in 
both groups to document potential associated screen-induced foveal dysfunction before and four weeks after screen-hour 
reduction.

The mfERG examination was performed using the RETIscan (Roland Instruments, Wiesbaden, Germany) according 
to the mfERG-standard protocol of the International Society for Clinical Electrophysiology of Vision (ISCEV). Our study 
protocol followed the tenets of the mfERG-standard ISCEV protocol. During mfERG examination, we used 61 hexagons 
mfERG-stimulus while the mfERG-normal ranges were automatically determined internally by the RETIscan device with 
age-matched norms. All participants were dilated prior to mfERG examination.

Nevertheless, all participants documented with complaints during ophthalmic examinations were instructed to receive 
the appropriate treatments. For example, participants with DED received Blink® intensive eye drops (polyethylene glycol 
400 with 0.25%, sodium hyaluronate, Johnson & Johnson Vision, Irvine, California, United States) 3–5 times daily 
according to severity. Spectacles were prescribed for participants with refractive errors.

We faced great difficulty to convince the participants to be recruited in this study and found only limited number of 
students who were seriously willing to reduce their screen-time after being convinced with this idea as they wanted to 
experience this trial. In fact, before recruitment started; we anticipated a large number of students to participate in this 
study, yet unfortunately only small number of participants actually accepted to reduce their screen-time to be included in 
this study after they fulfilled our eligibility criteria.

Furthermore, we instructed these students to change their screen-time and style by following strict measures for four weeks to 
reduce their screen-time which were: specify only one hour daily to use screens according to their wishes, ie, at college or home to 
accomplish the necessary assignments, use only the desktop computer and/or laptop during this particular hour instead of 
smartphone, Ie, shift from small hand-held screens to large non-hand-held screens, stop using video-calls and use only audio- 
calls, temporary uninstall the social media applications from their smartphones and other screens till end of the study, study 
medicine using books or hard copies by printing the necessary word and/or PDF files instead of reading them from the screens; 
and watch the necessary teaching videos, movies and/or online lectures, meetings or courses via the TV screen from a proper 
distance; instead of using smartphones, laptops, pads, tabs and/or desktop computers for such purposes. Moreover, all students 
were requested to avoid the potential risk factors that could aggravate their CVS subjective complaints. These risk factors were 
mainly watching screens in the dark, close eye-screen distance with incorrect viewing distance, small font-size, poor screen- 
resolution and glare, texting with both thumbs, improper lightening, uncomfortable seating postures and improper gaze direction. 
Students, who admitted that they cannot carefully follow these instructions, were not included in this study. Meanwhile, all 
students were informed that they can quit anytime they want from the trial. Therefore, only 49 participants were included in this 
study as they managed to follow these instructions, complete the trial and fulfilled our eligibility criteria.

Statistical Analysis
Data were analyzed using STATA version 14.2 (Stata Statistical Software: Release 14.2 College Station, TX: StataCorp LP.). 
Quantitative data was represented as mean, standard deviation, median, and range. Student’s t-test was used to compare the mean 
values between two groups. When the data was not normally distributed, Mann–Whitney test was used. We compared the pre- 
and post-screen time reduction data either by using paired t-test if data was normally distributed and Wilcoxon matched pairs 
signed rank test if the data were not normally distributed. We used the Chi-squared test or Fisher’s exact test to compare between 
number and percentage that present the qualitative data. We used Spearman correlation test to find the correlation between 
different parameters. Graphs were produced by using Excel or STATA program. A P value of less than 0.05 was considered to be 
statistically significant.
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Results
Demographic Characteristics
This study included 49 participants (students), 27 females and 23 males with mean age of 21.56±1.16 and 21.36±1.22 
(mean ± standard deviation) years for both groups, respectively (P = 0.56). Table 1 shows the demographic characteristics 
of the studied participants in both groups. We observed no significant differences between groups A and B.

Table 1 Comparison Between the A and B Groups Before Screen-Time Reduction

Parameters Group A  
(Mean ± SD) 

Median (Range)

Group B  
(Mean ± SD) 

Median (Range)

Mean Difference (Group B-Group A)  
(95% Confidence of Interval)

P value

Age 21.56±1.16 21.36±1.22 −0.2 (−0.88:0.48) 0.56

21 (19:23) 21 (19:23)

Sex (no. / %)

Male 12 (48.00%) 11 (44.00%) 0.78

Female 13 (52.00%) 14 (56.00%)

Daily screen-hours (hours): 2.32±1.22 5.48±1.92 3.16 (2.25:4.07) <0.0001

2 (1:5) 5 (3:9)

Visual outcomes (logMAR):

UDVA 0.12±0.19 0.36±0.25 0.24 (0.11:0.36) 0.0006

0.1 (−0.2:0.6) 0.3 (0:0.9)

CDVA −0.08±0.09 0.02±0.08 0.1 (0.05:0.15) 0.0002

−0.1 (−0.3:0) 0 (−0.1:0.2)

mfERG first examination outcomes: 

I- Amplitudes P1: 

(normal range nV/deg2)

Ring 1 86.40±15.53 54.00±10.86 −32.40 (−40.02:-24.78) <0.0001

R1 (66.6–130.8) 85.32 (62.07:141.4) 49.75 (41.72:89.14)

Ring 2 37.43±5.96 30.99±5.02 −6.44 (−9.57:-3.30) 0.0001

R2 (30.9–77.8) 35.75 (26.63:55.45) 31.8 (20.15:38.69)

Ring 3 22.19±3.96 20.22±3.45 −1.97 (−4.08:0.15) 0.07

R3 (21.7–59) 22.35 (13.38:29.76) 20.32 (13.48:28.63)

Ring 4 13.60±2.61 12.11±2.60 −1.50 (−2.98:-0.02) 0.048

R4 (12.9–37.1) 13.63 (8.95:18.92) 11.85 (5.1:17.83)

Ring 5 10.97±2.32 8.63±1.92 −2.34 (−3.56:-1.13) 0.0003

R5 (10–28.2) 10.75 (7.02:15.47) 8.18 (4.32:12.62)

II- Amplitudes P1: 

(normal range nV/deg2)

Quadrant 1 12.70±2.97 10.10±2.26 −2.60 (−4.10:-1.10) 0.001

Q1 (15.8–42.74) 12.09 (7.48:19.01) 10.1 (5.05:14.16)

Quadrant 2 15.68±2.44 13.31±2.70 −2.36 (−3.82:-0.90) 0.002

Q2 (15.98–42.75) 16.22 (10.17:18.71) 13.21 (6.44:20.18)

Quadrant 3 16.22±2.77 14.40±3.17 −1.82 (−3.51:-0.13) 0.05

Q3 (15.18–42.05) 15.42 (12.66:21.13) 13.85 (4.89:19.43)

Quadrant 4 11.82±2.50 9.79±2.50 −2.04 (−3.46:-0.61) 0.006

Q4 (13.87–39.61) 11.35 (7.97:16.65) 10.59 (3.26:13.45)

Abbreviations: UDVA, uncorrected visual acuity; CDVA, uncorrected visual acuity; logMAR, logarithm of minimal angle of resolution; 
Amplitudes P1, amplitude density of the first foveal peak; deg, degree; nV, nanovolts; R1 to R5, Ring 1 to Ring 5; Q1 to Q4, Quadrant 1 to 
Quadrant 4; SD, standard deviation.
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The First mfERG Examination Outcomes
Table 1 shows the comparison between both groups regarding the mfERG outcomes at the time of first mfERG 
examination. We observed statistically significant differences between both groups regarding mean UDVA and mean 
CDVA in favor of control group (P = 0.0006 and 0.0002, respectively). Both mean UDVA and CDVA were much better 
in the control than the CVS group prior to screen-time reduction (Table 1).

The first mfERG outcomes revealed good foveal responses in all eyes of the control group with preserved peak in 
almost all mfERG 5 Rings (R1, R2, R3, R4, and R5) and 4 Quadrants (Q1, Q2, Q3 and Q4) as the first foveal peak and 
amplitude density (P1 AD) were mostly normal. On the contrary, the mfERG outcomes revealed great reduction in the 
foveal responses in almost all eyes of the CVS group in almost all mfERG Rings and Quadrants (P1 AD was below the 
normal age). Therefore, we exhibited statistically significant differences between both groups regarding the mean R1, R2, 
R5, Q1, Q2, and Q4 (P=<0.0001, 0.0001, 0.0003, 0.001, 0.002 and 0.006, respectively; Table 1).

Additionally, we observed significant differences in the mean total daily screen-hours between both groups from 
a mean of 2.32±1.22 screen-hours in the control to a mean of 5.48±1.92 screen-hours in the CVS group (P=<0.0001, 
Table 1). This means that the screen-time consumed by the CVS participants was more than double the screen-time 
consumed by the control participants.

The Second mfERG Examination Outcomes
Table 2 shows the outcomes of the mfERG examination before and after four weeks of screen-hour reduction to ≤1 
screen-hour daily in both groups. We observed no statistically significant difference between both groups with regard to 
mean UDVA and CDVA (P = 0.06 and 0.09, respectively).

Table 2 Comparison Between the A and B Groups After Screen-Time Reduction

Parameters Group A  
(Mean ± SD) 

Median (Range)

Group B  
(Mean ± SD) 

Median (Range)

Mean Difference (Group B-Group A)  
(95% Confidence of Interval)

P value

Daily screen-hours (hours): 1±0 1±0 0
1 (1:1) 1 (1:1)

Visual outcomes (logMAR):

UDVA 0.12±0.19 0.23±0.22 0.11 (−0.01:0.23) 0.06
0.1 (−0.2:0.6) 0.2 (−0.2:0.7)

CDVA −0.08±0.09 −0.04±0.06 0.04 (−0.006:0.08) 0.09
−0.1 (−0.3:0) 0 (−0.2:0)

mfERG second examination outcomes: 
I- Amplitudes P1: 

(normal range nV/deg2)

Ring 1 88.14±15.46 70.50±12.30 −17.64 (−25.59:-9.70) <0.0001
R1 (66.6–130.8) 88.37 (63.12:138.75) 67.37 (45.43:100.1)

Ring 2 38.97±5.89 37.92±7.16 −1.05 (−4.78:2.68) 0.57
R2 (30.9–77.8) 36.68 (31.78:57.86) 36.45 (27.36:52.96)

Ring 3 22.98±3.04 24.18±4.46 1.19 (−0.98:3.36) 0.25
R3 (21.7–59) 22.46 (16.68:30.28) 23.69 (16.33:33.4)

Ring 4 13.78±2.29 12.28±2.36 −1.50 (−2.82:-0.18) 0.03
R4 (12.9–37.1) 13.33 (10.46:18.52) 12.22 (8.34:19.03)

(Continued)
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Furthermore, we exhibited no statistically significant differences between control and CVS group regarding the mean 
of all mfERG Rings and Quadrants except in mean R1, R5, Q2, and Q4 in favor of the control group (P=<0.0001, 0.0004, 
0.0001 and 0.002, respectively; Table 2). Our outcomes documented greater improvements in the mean mfERG R2, R3, 
R4, Q1, and Q3 in the CVS group so that we observed no significant differences between them and the mean values of 
corresponding variables in the control group four weeks after screen-hour reduction.

Table 3 shows the outcomes of the CVS group before and four weeks after reduction of screen-hours. The mean total 
daily screen-hours were reduced from 5.48±1.92 to 1±0 screen-hours daily in the CVS group (P=<0.0001). At the 
mfERG second examination, there were significant post-reduction improvements in the mean UDVA as well as mean 
CDVA in the CVS group (P=<0.0001 and 0.002, respectively). Moreover, we recorded statistically significant better post- 
reduction improvements in the foveal responses (P1 AD close to normal) with greater improvements in the mean mfERG 
R1, R2, R3, R5, Q1, and Q 3 (P=<0.0001, <0.0001, 0.0005, 0.02, <0.0001 and 0.04, respectively; Table 3). On the other 
hand, we observed no statistically significant differences between the first and second examination outcomes in the 
control group regarding both visual and post-reduction mfERG outcomes.

Figure 1 shows the comparative visual and mfERG outcomes between A and B groups before and four weeks after 
screen-hour reduction. Figure 2 shows the mfERG outcomes in one student from the CVS group with improved foveal 
responses.

Discussion
Our study documented the existence of the screen-induced foveal dysfunction in CVS patients using mfERG examina
tions. Additionally, we exhibited statistically significant post-reduction remarkable improvements in almost all mfERG 
Rings and Quadrants in the CVS group. Therefore, we suggest that the screen-induced foveal dysfunction might be 
reversible if the total screen-time reduced to ≤1 screen-hour daily. These outcomes might signify that if a CVS patient, 
with positive mfERG findings, managed to completely stop using screens for four weeks, his/her mfERG findings mostly 
will be normal.

Our screen-induced foveal dysfunction outcomes might be due to the dysfunction in the retinal bipolar cells in the 
macular cones. These bipolar cells are mainly the basic retinal interneurons responsible for the fast and direct visual 
signals pathways from the cones to the ganglion cells.48 Moreover, we think that the mfERG changes emerged from this 
screen-induced foveal dysfunction might originally have been elicited by the direct light exposure from the screens 

Table 2 (Continued). 

Parameters Group A  
(Mean ± SD) 

Median (Range)

Group B  
(Mean ± SD) 

Median (Range)

Mean Difference (Group B-Group A)  
(95% Confidence of Interval)

P value

Ring 5 11.84±2.31 9.21±2.05 −2.34 (−3.58:-1.10) 0.0004
R5 (10–28.2) 10.88 (8.35:18.97) 8.68 (6.7:14.95)

II- Amplitudes P1: 

(normal range nV/deg2)

Quadrant 1 13.00±2.25 12.46±3.17 −0.54 (−2.10:1.01) 0.49
Q1 (15.8–42.74) 12.57 (9.35:18.26) 11.89 (5.67:21.79)

Quadrant 2 16.69±2.01 13.72±2.79 −2.96 (−4.35:-1.59) 0.0001
Q2 (15.98–42.75) 16.89 (12.46:20.46) 13.67 (8.56:19.41)

Quadrant 3 16.66±3.17 15.69±3.57 −0.97 (−2.89:0.95) 0.31
Q3 (15.18–42.05) 15.56 (12.68:23.47) 15.34 (8.45:22.41)

Quadrant 4 12.29±2.00 10.16±2.52 −2.14 (−3.43:0.84) 0.002
Q4 (13.87–39.61) 11.89 (9:15.86) 9.87 (6.36:14.62)

Abbreviations: UDVA, uncorrected visual acuity; CDVA, uncorrected visual acuity; logMAR, logarithm of minimal angle of resolution; Amplitudes P1, 
amplitude density of the first foveal peak; deg, degree; nV, nanovolts; R1 to R5, Ring 1 to Ring 5; Q1 to Q4, Quadrant 1 to Quadrant 4; SD, standard deviation.
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caused by numerous factors, such as the cone adaptation or the spectral output of the screens, which varies from device to 
device, and among subjects and might be related to the potential electrode/focusing effects.7,8 We posit that these 
interpretations might explain why the screen-induced foveal dysfunction outcomes could be reversible. Meanwhile, the 
longer-wavelength light high levels are more effective in adaptation of the M and L cones than the shorter-wavelength 
light exposure. On the other hand, we are uncertain if the study participants were using any color adjustments to their 
screens.

Munshi et al13 reported that CVS can be associated with unexplained visual disturbances, such as visual blur and 
transient loss of vision. They also reported that these unexplained visual disturbances were transient and not permanent 
and most of these disturbances could be alleviated by stopping the use of screens. We agree with their reports, which 

Table 3 Comparison of Outcomes in Group B Before and After Screen-Time Reduction

Parameters Before  
(Mean ± SD) 

Median (Range)

After  
(Mean ± SD) 

Median (Range)

Mean Difference (After-Before)  
(95% Confidence of Interval)

P value

Daily screen-hours (hours): 5.48±1.92 1±0 −4.48 (−5.27:-3.69) <0.0001
5 (3:9) 1 (1:1)

Visual outcomes (logMAR):

UDVA 0.36±0.25 0.23±0.22 −0.12 (−0.15:-0.10) <0.0001
0.3 (0:0.9) 0.2 (−0.2:0.7)

CDVA 0.02±0.08 −0.04±0.06 −0.06 (−0.10:-0.03) 0.002
0 (−0.1:0.2) 0 (−0.2:0)

mfERG examination outcomes: 
I- Amplitudes P1: 

(normal range nV/deg2)

Ring 1 54.00±10.86 70.50±12.30 16.50 (12.38:20.61) <0.0001
R1 (66.6–130.8) 49.75 (41.72:89.14) 67.37 (45.43:100.1)

Ring 2 30.99±5.02 37.92±7.16 6.93 (4.69:9.17) <0.0001
R2 (30.9–77.8) 31.8 (20.15:38.69) 36.45 (27.36:52.96)

Ring 3 20.22±3.45 24.18±4.46 3.96 (1.94:5.98) 0.0005
R3 (21.7–59) 20.32 (13.48:28.63) 23.69 (16.33:33.4)

Ring 4 12.11±2.60 12.28±2.36 0.17 (−0.49:0.83) 0.59
R4 (12.9–37.1) 11.85 (5.1:17.83) 12.22 (8.34:19.03)

Ring 5 8.63±1.92 9.21±2.05 0.57 (0.11:1.04) 0.02
R5 (10–28.2) 8.18 (4.32:12.62) 8.68 (6.7:14.95)

II- Amplitudes P1: 

(normal range nV/deg2)

Quadrant 1 10.10±2.26 12.46±3.17 2.36 (1.43:3.30) <0.0001
Q1 (15.8–42.74) 10.1 (5.05:14.16) 11.89 (5.67:21.79)

Quadrant 2 13.31±2.70 13.72±2.79 0.41 (−0.33:1.16) 0.27
Q2 (15.98–42.75) 13.21 (6.44:20.18) 13.67 (8.56:19.41)

Quadrant 3 14.40±3.17 15.69±3.57 1.29 (0.01:2.57) 0.04
Q3 (15.18–42.05) 13.85 (4.89:19.43) 15.34 (8.45:22.41)

Quadrant 4 9.79±2.50 10.16±2.52 0.37 (−0.07:0.81) 0.10
Q4 (13.87–39.61) 10.59 (3.26:13.45) 9.87 (6.36:14.62)

Abbreviations: UDVA, uncorrected visual acuity; CDVA, uncorrected visual acuity; logMAR, logarithm of minimal angle of resolution; Amplitudes P1, 
amplitude density of the first foveal peak; deg, degree; nV, nanovolts; R1 to R5, Ring 1 to Ring 5; Q1 to Q4, Quadrant 1 to Quadrant 4; SD, standard deviation.
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Figure 1 Comparative visual and mfERG mean outcomes between A and B groups before and four weeks after screen-hour reduction; (A) uncorrected distance visual 
acuity (UDVA) and corrected distance visual acuity (CDVA) expressed as logarithm of minimal angle of resolution (logMAR). (B) mfERG 5 Rings (R1, R2, R3, R4 and R5) 
expressed as nanovolts/ degree2 (nV/deg2). (C) mfERG 4 Quadrants (Q1, Q2, Q3, and Q4) expressed as nanovolts/ degree2 (nV/deg2). 
Note: Before and after means before and after screen-time reduction.
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matches with our outcomes as we proved that the reduction in the CVS visual performances and associated visual blur 
was related to the screen-induced foveal dysfunction documented by the mfERG reduced foveal responses that improve 
greatly with reduction of the screen-time to less than one hour daily. Furthermore, our study documented statistically 

Figure 2 Multifocal electroretinography showing improved foveal responses in the CVS group. (A and B) Oculus sinister of one student before and four weeks after 
reduction in screen-hours.
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significant post-reduction improvements of both UDVA and CDVA associating the post-reduction improvements in the 
mfERG outcomes.

Recently, Iqbal et al7,8 documented the potential CVS visual sequelae. They investigated 733 and 3040 medical 
students, respectively, in Egyptian Universities as all students responded to the subjective self-assessment questionnaire 
and underwent the objective complete ophthalmic and mfERG examinations. They specified four major criteria for CVS 
diagnosis (Iqbal’s criteria).6–8 The first three criteria were obtained from subjective self-assessment questionnaire, which 
were the presence of one or more of the ocular complaints at the time of screen-use, the presence of one or more of the 
extraocular complaints also at the time of the screen-use, and the existence of these complain-attacks one or more times 
on a monthly basis over the last 12 months.6–8 The fourth criterion was objective depending on ophthalmic examination 
to document any of these ocular complaints and associated risk factors as DED, refractive errors, contact lens wearing, 
conjunctival hyperemia and/or mfERG positive findings.6–8 They revealed7,8 the existence of positive mfERG findings in 
high-risk CVS patients with significant reduced foveal responses associated with complaints of visual reduction and 
unclear details of objects. These mfERG changes were finally defined by them as screen-induced foveal dysfunction as 
a potential sign of CVS visual sequelae. These conclusions coincided with the outcomes of this study.

The theory of smartphone-misuse has been reported as the main cause of sudden rise in the CVS prevalence rate in 
the last two decades and several reports suggested that the problem is not with the smartphone itself but in the ways 
people handle and use the smartphone.7–10,19,39–46 Particularly, smartphone watch in the dark, close eye-screen distance 
with incorrect viewing distance, small font-size, poor screen-resolution and glare, texting with both thumbs, improper 
lightening, uncomfortable seating postures, improper gaze direction, use of old smartphone designs, prolonged screen- 
time and uncorrected refractive errors are the main smartphone-misuse habits and risk factors that are responsible for the 
development of most ocular and extraocular CVS complaints. This smartphone-misuse hypothesis coincides with our 
current study outcomes in one important point. We instructed all students to shift from smartphone use to desktop 
computer and laptop use for ≤1 screen-hour daily for complete four weeks before they underwent the second mfERG 
examination. We also instructed them to change their screen-style to avoid bad habits and risk factors during these four 
weeks of screen-time reduction. We believe that these instructions to smartphone-off with screen-shift and avoiding the 
associated misuse together with reduction of screen-time were mainly responsible for the great improvements in 
the second mfERG outcomes in the CVS group. We also believe that CVS is originally a multifactorial syndrome in 
which we deal with different changeable factors that vary from subject to subject and from one screen to another, yet 
changing the screen-style might be helpful in alleviating or minimizing the subjective complaints but the major influence 
in improving the objective parameters was achieved by the screen-time reduction that actually minimized the exposure 
time to screens thus avoiding all risk factors in one shot regardless the screen and individual variations.

Moreover, Mou et al10 revealed that smartphone with circularly polarized light was much better than smartphone with 
linearly polarized light in terms of alleviating CVS eye strain, DED, and ocular discomfort as circularly polarized light 
has closer properties of natural light.10

All students responded to CVS-F3 questionnaire at the beginning and the end of the four weeks study period reporting 
improvements in their subjective complaints. However, we did not statistically analyze their CVS-F3 detailed subjective 
outcomes as we mainly focused on analysis of the objective outcomes including UDVA, CDVA and mfERG outcomes 
which were the main scope of our study. Nevertheless, most participants reported improvement in many of their 
subjective complaints especially headache, eyestrain, visual blur and neck and shoulder pain following screen-time 
reduction.

The main limitations of this study were the small number of study participants (49 subjects) due to cost-issues and 
time-consuming nature of mfERG examinations. Moreover, the students who actually managed to strictly reduce their 
screen-time were few as we excluded many students who admitted they did not reduce their screen-time. Thus, finally 
our study included only 49 students who achieved our eligibility criteria.

In conclusion, the current study outcomes proved the existence of screen-induced foveal dysfunction as mfERG sign 
of CVS. We think that the mfERG changes elicited by the screen-induced foveal dysfunction are reversible with strict 
reduction of screen-time to ≤1 screen-hour daily resulting in significant post-reduction improvements in the foveal 
responses. Additionally, the great significant post-reduction improvements in both mean UDVA and CDVA that 
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associated the foveal responses improvements support our conclusion of the reversibility of the adverse effects of screen- 
induced foveal dysfunction with strict screen-time reduction. Therefore, we posit that the complete stoppage of using 
screens, if possible, is capable of regaining the original foveal functions and visual performances. Furthermore, future 
studies with larger sample size are recommended.
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