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 3 

Abstract 27 

Topic: To evaluate the efficacy and safety of interventions for treating eye strain 28 

related to computer use relative to placebo or no treatment. 29 

Clinical relevance: Computer use is pervasive and often associated with eye strain, 30 

referred to as “computer vision syndrome” (CVS). Currently, there are no clinical 31 

guidelines to help practitioners provide evidence-based advice about CVS treatments, 32 

many of which are directly marketed to patients. This systematic review and meta-33 

analysis will help inform best practice for eye care providers. 34 

Methods: Eligible randomized controlled trials (RCTs) were identified in Ovid 35 

MEDLINE, EMBASE, CENTRAL, and trial registries, searched from inception to 36 

November 23, 2021. Eligible studies were appraised for risk of bias, and synthesized. 37 

The certainty of the body of evidence was judged using GRADE. Standardized mean 38 

differences (SMD) were used when differently scaled measures were combined. 39 

Results: Forty-five RCTs, involving 4497 participants, were included. Multifocal 40 

lenses did not improve visual fatigue scores compared to single-vision lenses (three 41 

RCTs, SMD: 0.11; 95% confidence interval (CI) -0.14 to 0.37; p=0.38). Visual fatigue 42 

symptoms were not reduced by blue-blocking spectacles (three RCTs), with evidence 43 

judged to be of low certainty. Relative to placebo, oral berry extract supplementation 44 

for 4 to 12 weeks did not improve visual fatigue (seven RCTs, SMD: -0.27; 95%CI -45 

0.70 to 0.16; p=0.22), and dry eye symptoms (four RCTs, SMD: -0.10; 95%CI -0.54 to 46 

0.33; p=0.65). Likewise, berry extract supplementation had no effect on critical flicker-47 

fusion frequency (CFF) or accommodative amplitude. Oral omega-3 fatty acid 48 

supplementation for 45 days to 3 months improved dry eye symptoms (two RCTs, 49 

mean difference, MD: -3.36 units out of 18; 95%CI -3.63 to -3.10; p<0.00001) relative 50 
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 4 

to placebo. Oral carotenoid supplementation improved CFF (two RCTs, MD: 1.55 Hz; 51 

95%CI 0.42 to 2.67; p=0.007) relative to placebo, although the clinical significance of 52 

this finding is unclear. 53 

Conclusions: We found no high certainty evidence supporting the use of any of the 54 

therapies analyzed. There was low certainty evidence that oral omega-3 55 

supplementation reduces dry eye symptoms in symptomatic computer users. 56 
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 5 

Introduction 57 

Computer vision syndrome (CVS) describes a group of eye and vision related 58 

problems associated with prolonged computer use.1 CVS affects 75 to 90% of 59 

computer users.2 Its global prevalence is estimated at 60 million, with one million 60 

incident cases each year.3 Common symptoms of CVS are eye strain, blurred vision, 61 

eye dryness, ocular redness, headache, and neck and shoulder pain.4 Though these 62 

symptoms are usually temporary, they may not resolve at the end of the working 63 

day.5 Given the typical chronicity of computer use, many of the symptoms of CVS 64 

are recurrent and/or prone to progression.6 65 

In eye care practice, CVS is primarily diagnosed by surveying patients using a range 66 

of symptom-focused questions. Segui et al.7 developed and validated a 67 

questionnaire that involved participants specifying the frequency and intensity of 16 68 

symptoms associated with computer-induced eye strain. A score of six or more has 69 

been reported to be diagnostic of CVS;7 this questionnaire has since been widely 70 

used in clinical studies to identify CVS.8-10 71 

Established risk factors for CVS are extended periods of computer use (greater than 72 

four hours per day),11 reflections and glare on the computer screen from surrounding 73 

lighting,12 low humidity (<40%), and poor ergonomics with computer use.13 Ocular 74 

symptoms in computer users may be associated with reduced blink rate, uncorrected 75 

refractive error, and/or accommodation anomalies.14-17 Thorud et al.18 studied the 76 

association between extraocular symptoms (such as pain around the eye) with 77 

computer use, using electromyography and photoplethysmography, and found a 78 

weakness in the orbicularis oculi muscles to be linked with CVS symptoms. In 79 

addition, blue (short wavelength visible) light emitted from computer screens has 80 
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 6 

been hypothesized to cause eye strain,19 although this remains contentious given 81 

the lack of supporting evidence, the lack of a compelling biological mechanism 82 

through which blue light might directly cause eye strain, and the relatively low level of 83 

blue light emission from electronic devices.20 84 

In terms of CVS management, a diversity of interventions has been investigated. A 85 

common clinical approach involves recommending an optimal ergonomic setup at 86 

the computer, and advising computer users to follow the “20-20-20 rule”, which 87 

involves viewing an object 20 feet away for a total of 20 seconds every 20 minutes.21 88 

Other interventions that have been considered include optical interventions (i.e., 89 

progressive addition spectacle lenses22, and blue light-blocking spectacle lenses19), 90 

oral antioxidant and nutritional supplements,23 omega-3 fatty acid supplements,24 91 

artificial tears,4 and traditional medicines.25 Optical aids, such as progressive 92 

addition lenses, are claimed to reduce symptoms of CVS by providing an optimal 93 

refractive correction for intermediate and near working distances.22, 26 Blue light-94 

blocking spectacle lenses have been promoted to reduce symptoms of eye strain by 95 

attenuating blue light emitted from computer screens,27, 28 despite the lack of a 96 

compelling mechanism of action. Omega-3 fatty acids may reduce ocular surface 97 

inflammation by modulating systemic cytokine production levels, to reduce dry eye 98 

symptoms in computer users.29 Artificial tears are considered to lubricate the ocular 99 

surface and to increase tear volume to reduce CVS symptoms.21 The mechanism by 100 

which antioxidant and nutritional supplements might reduce eye strain symptoms is 101 

unclear. Despite this, both interventions are frequently advertised as potentially 102 

useful treatments for CVS.30, 31 Many CVS interventions are directly marketed to 103 

patients, and so eye care providers need to be able to provide evidence-based 104 

advice to patients enquiring about the efficacy, or otherwise, of such interventions. 105 
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Although CVS has been extensively studied and a wide variety of interventions exist, 106 

currently there are no clinical guidelines to inform best practice. The aim of this 107 

systematic review was to identify, appraise and synthesize clinical evidence relating 108 

to the efficacy and safety of interventions for treating CVS, and thereby provide 109 

support to practitioners in providing evidence-based advice to their patients. 110 

Methods 111 

This review was prospectively registered on PROSPERO (CRD42020164092), 112 

conducted in accordance with the principles in the Cochrane Handbook, and 113 

reported according to the Preferred Reporting Items for Systematic Reviews and 114 

Meta Analyses (PRISMA) statement (see Appendix S1 in Supplement I, at 115 

http://www.aaojournal.org/).32 116 

Eligibility criteria 117 

Eligible for inclusion were randomized controlled trials (RCTs) that compared any 118 

intervention for managing signs or symptoms of CVS in humans, relative to an 119 

inactive control, placebo, sham or no treatment. Eligible studies had recruited male 120 

or female participants of any age, with a diagnosis of CVS, as defined by the study 121 

authors. Published conference abstracts, non-English studies, and non-human 122 

studies were excluded. Studies identified on clinical trial registries with sufficient 123 

details on interventions and outcomes (in the absence of a published manuscript) 124 

were included. The outcomes from the most recent publication for each study were 125 

included. For analysis, the interventions were grouped into the following categories: 126 

optical aids, complementary medicine and nutritional supplements, artificial tears, 127 

environmental modification, ergonomic adjustment, visual hygiene (e.g., blinking 128 

exercises, advice to follow the “20-20-20 rule”), binocular vision training, and other 129 
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interventions. Complementary medicine and nutritional supplements were further 130 

divided into six subcategories: oral berry extract supplements, polyunsaturated fatty 131 

acid supplements, antioxidant supplements, traditional medicines, combination 132 

supplements, and other interventions. Details on intervention group and relevant 133 

comparators are presented for each study in Appendix S2 (see Supplement I, at 134 

http://www.aaojournal.org/). 135 

Search methods 136 

The following electronic databases were initially searched from inception to 12 137 

December 2019, and were updated to 23 November 2021: Ovid MEDLINE, Embase, 138 

the Cochrane Central Register of Controlled Trials (CENTRAL), US National 139 

Institutes of Health Clinical Trials Registry (www.ClinicalTrials.gov), and the WHO 140 

International Clinical Trials Registry Platform (https://www.who.int/clinical-trials-141 

registry-platform). Complete search strategies are provided in Appendix S3 (see 142 

Supplement I, at http://www.aaojournal.org/). Reference lists of included RCTs were 143 

screened for additional potentially relevant studies. 144 

Selection of studies 145 

Citations retrieved from electronic databases were compiled into an EndNote library. 146 

Following removal of duplicate citations, the library was imported into Covidence.33 147 

Two reviewers (SS [author] and one of LED [author], JHL or EM) independently 148 

screened citation titles and abstracts and decided whether they should be included, 149 

excluded or potentially included. Studies judged to be definitely or potentially eligible 150 

progressed to full-text screening. Two reviewers (SS and one of LED, JHL, or EM) 151 

independently screened the full-texts, based on pre-defined eligibility criteria. For 152 

studies excluded at the full-text screening stage, the primary reason for exclusion 153 
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was documented. Any disagreements between review authors were resolved by 154 

discussion, or by consulting a third review author if required. 155 

Data extraction and management 156 

Two reviewers (SS and one of LED, AJA [author], JHL, EM) independently extracted 157 

data; any discrepancies were resolved by discussion. Information extracted from 158 

each eligible study included: study details (author, title, journal, year of publication), 159 

methodology, participants, interventions, outcomes, and other details (e.g., sources 160 

of funding, conflicts of interest). For studies where missing outcome data were 161 

identified or additional information was required for statistical analysis, we attempted 162 

to contact the study authors via email for the information. If a response was not 163 

received within four weeks, or if the trial authors were unable to provide the 164 

information, the analysis was performed using details in the full-text publication. 165 

Risk of bias assessment 166 

Risk of bias was assessed for eligible studies according to guidance in the Cochrane 167 

Handbook for Systematic Reviews of Interventions.34 The assessed risk of bias 168 

domains were: selection bias (random sequence generation and allocation 169 

concealment), performance bias (masking of study participants and personnel), 170 

detection bias (masking of outcome assessors), attrition bias (incomplete outcome 171 

data), reporting bias (selective outcome reporting), and other sources of bias (such 172 

as funding sources and conflicts of interest). Each study was judged to have low, 173 

high or unclear risk of bias in each domain. Two review authors independently 174 

performed the assessments, with any disagreements resolved by discussion. 175 
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Data synthesis and analysis 176 

For all analyses in this review, the unit of analysis was defined as the study 177 

participant. Whenever possible, data for pre-specified primary (visual fatigue 178 

symptoms and CFF) and secondary outcomes (quality of life, dry eye symptoms, 179 

amplitude of accommodation, near point of convergence, blink rate, and overall 180 

patient satisfaction with the intervention) (Appendix S4 in Supplement I, at 181 

http://www.aaojournal.org/) were preferably extracted as change from baseline, 182 

otherwise data at the study end-point were extracted; this latter measure is a suitable 183 

substitute when comparing groups (under the assumption of randomized 184 

interventions).35 In the absence of clinical guidelines to define best practice for CVS, 185 

the most widely reported outcomes being visual fatigue symptom scores2, 5, 18, 36 and 186 

CFF19, 37-39 were used as primary outcome measures. 187 

When studies reported outcomes both before (pre) and after (post) computer use, 188 

following different durations of an intervention, we used data reported for the post-189 

computer task at the final study visit for analysis. For studies that investigated 190 

multiple interventions, analyses were performed by comparing each intervention arm 191 

with the comparator group. As different scales were used to measure visual fatigue 192 

and dry eye scores across the studies, the standardized mean difference (SMD) was 193 

used to pool data.40 Cohen41 suggests a SMD of 0.2 represents a small effect, SMD 194 

of 0.5 a medium effect, and SMD of 0.8 a large effect. Further, as Cochrane advises 195 

not to combine mean change and endpoint outcome data, only studies with endpoint 196 

outcomes were pooled as this allowed the maximum number of studies to be 197 

included in our meta-analyses.40 For studies that reported only change from baseline 198 

data, their individual study results were summarized. For the purpose of the analysis, 199 

data of cross-over trials were treated as like parallel-design studies as there was no 200 
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unit of analysis issue.42 If data were not reported as a mean and standard deviation, 201 

guidance in Chapter 7 of the Cochrane Handbook for Systematic Reviews of 202 

Interventions was followed to convert the data into the required form.35  203 

Meta-analyses were performed using Cochrane Review Manager (RevMan Version 204 

5.4) software.43 Mean differences were performed for the primary and secondary 205 

outcomes for each intervention subcategory, when deemed clinically meaningful 206 

(e.g., for studies where the intervention, participants and underlying clinical 207 

questions were similar). When fewer than three RCTs were included, a fixed-effect 208 

model was used, otherwise a random-effects model was adopted.44, 45 209 

Clinical and methodological heterogeneity were assessed by considering trial design, 210 

baseline participant characteristics, and risk of bias judgements. Statistical 211 

heterogeneity was assessed using the I2 statistic, which describes the percentage of 212 

total variation across all studies. An I2 value >50% or a p value for Cochrane’s Q 213 

statistic of <0.05 was used to define significant statistical heterogeneity.46, 47 For 214 

comparisons where a meta-analysis was not possible (e.g., only one eligible study) 215 

or data pooling was considered inappropriate (e.g., I2 value >50%), a descriptive 216 

summary of results was provided. 217 

When sufficient data were available, subgroup analyses were performed for 218 

interventions with multiple subcategories (i.e., complementary medicines and 219 

nutritional supplements), as previously defined. As there were fewer than 10 trials for 220 

each of the intervention categories, funnel plots were not visually inspected to 221 

assess small study effects.48 222 
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Summary of findings table 223 

The certainty of the body of evidence was assessed as high, moderate, low or very 224 

low, for the primary and secondary outcomes using the Grading of 225 

Recommendations, Assessment, Development and Evaluation (GRADE) 226 

approach.49 The reason(s) for downgrading the certainty estimates are reported in 227 

the ‘Summary of findings’ Tables 1 and 2 or Table S1 (see Supplement I, at 228 

http://www.aaojournal.org/). 229 

Results 230 

Characteristics of included studies 231 

Electronic searches yielded 4891 citations (see PRISMA flow diagram, Figure 1). 232 

After removing duplicates (n=922), title and abstract screening was performed on 233 

3969 citations. Of these, 296 records proceeded to full-text screening and 45 trials 234 

met the eligibility criteria; 43 were full-text articles,19, 20, 22-25, 50-86 published between 235 

1991 and 2021, and two studies87, 88 were on clinical trial registries with available 236 

data (registered in 201688 and 201887). In addition, 24 RCTs on trial registries were 237 

marked as ongoing (Table S2, see Supplement I, at http://www.aaojournal.org/ ). 238 

Supplementary Table S3 (see Supplement I, at http://www.aaojournal.org/) lists 239 

studies excluded after full-text screening, with the primary reason for exclusion. 240 

The key characteristics of all eligible studies are provided in Table S4 (see 241 

Supplement I, at http://www.aaojournal.org/). Included RCTs were conducted in 11 242 

countries: Japan (n=11),23, 61-64, 66, 67, 75, 76, 79, 82 India (n=9),24, 25, 50-53, 70, 72, 73 United 243 

States of America (n=6),19, 54, 71, 74, 87, 88 Hong Kong (n=2),22, 57 Korea (n=1),68 China 244 

(n=1),83 Saudi Arabia (n=1),86 Australia (n=1),20 Norway (n=1),58 and Spain and the 245 

United Kingdom (n=1).84 Eleven trials did not report the study location.55, 56, 59, 60, 65, 69, 246 

Jo
urn

al 
Pre-

pro
of

http://www.aaojournal.org/
http://www.aaojournal.org/
http://www.aaojournal.org/
http://www.aaojournal.org/


 13 

77, 78, 80, 81, 85 Most RCTs (n=35) used a parallel arm design,19, 20, 23-25, 50-53, 56-73, 76, 77, 79, 247 

81-84, 86 and 10 studies used a cross-over design.22, 54, 55, 74, 75, 78, 80, 85, 87, 88 In total, 248 

4497 participants were recruited across the included 45 RCTs; sample sizes ranged 249 

from 10 to 522 participants. Further details about the study characteristics are 250 

provided in Supplementary Table S5 (see Supplement I, at 251 

http://www.aaojournal.org/). 252 

Risk of bias assessment 253 

Figure 2 summarizes risk of bias assessments.19, 20, 22-25, 50-88 No RCT was judged to 254 

have low risk of bias in all seven Cochrane domains. The domain with the most 255 

studies judged to be at low risk was attrition bias (30 studies,17, 19, 20, 22-24, 50, 51, 56-61, 63-256 

66, 68, 70, 71, 76-78, 81-85, 88). Domains with the greatest number of studies considered to 257 

have a high risk were performance bias, relating to a lack of masking of participants 258 

and/or personnel (17 studies,19, 22, 25, 53-59, 70, 72, 73, 78, 86, 87, 89); detection bias, 259 

pertaining to the masking of outcome assessors (15 studies,22, 25, 53-59, 69, 70, 78, 85-87); 260 

and other bias (Of sixteen studies judged high risk of bias, fifteen19, 23, 61, 62, 64, 66, 67, 71, 261 

76, 78, 79, 81-84 were due to industry funding and one50 due to baseline differences 262 

between participant groups). 263 

Effects of interventions  264 

Tables 1 and 2 provide Summary of Findings tables for the ‘optical aids’ and 265 

‘complementary medicine and nutritional supplement’ intervention categories, 266 

respectively. A sufficient number of studies (n≥2) were identified to perform meta-267 

analyses for two categories of interventions: i) optical aids, and ii) complementary 268 

medicines or nutritional supplements. 269 
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1. Intervention category - optical aids 270 

Ten trials (see Table 3 for details) investigated optical aids, consisting of: multifocal 271 

contact lenses,87, 88 progressive (multifocal) addition spectacle lenses,22, 58, 84 single-272 

vision cylindrical lenses,74 single-vision addition lenses,80 and blue light-blocking 273 

spectacle lenses,19, 20, 85 relative to control single-vision distance optical corrections,22, 274 

58, 84, 87, 88 placebo lenses,74, 80 or non-blue light-blocking spectacle lenses.19, 20, 85 275 

1.1. Primary outcome 276 

Eight studies measured subjective visual fatigue, using a Likert scale19, 22, 74, 84, 85 or 277 

visual analogue scale.20, 87, 88 Pooling comparable data from three studies22, 87, 88  278 

provided no difference in visual fatigue with use of a multifocal relative to a single-279 

vision distance correction (Figure 3; three studies, 262 participants; SMD: 0.11; 95% 280 

confidence interval (CI) -0.14 to 0.37; I2 = 7%; p=0.38). Del Mar Segui-Crespo et al.84 281 

reported no difference for the change in visual fatigue scores with multifocals 282 

compared to single vision lenses (MD: -1.50 units; 95%CI –3.60 to 0.60, p=0.16). 283 

The certainty of evidence for this outcome was juded as very low. 284 

In addition, Wiggins et al.74 provided very low certainty evidence for reduced visual 285 

fatigue symptoms when correcting residual astigmatism in contact lens wearers, 286 

compared to having uncorrected residual astigmatism (Table S6, see Supplement I, 287 

at http://www.aaojournal.org/). For the other studies in this category,19, 20, 85 no 288 

difference was found for the overall change in visual fatigue19, 20 or average daily 289 

change in visual fatigue85 with blue light-blocking lenses compared to non blue light-290 

blocking lenses (Table S6). 291 

Singh et al.20 reported no difference for the change in CFF with use of blue light-292 

blocking lenses compared to non blue light-blocking lenses (MD: -1.13 Hz; 95%CI –293 
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3.00 to 0.74, p=0.240). In contrast, Lin et al.19 described a less negative change in 294 

CFF (i.e., less visual fatigue) with high blue light-blocking lenses, compared to low 295 

blue-light blocking and non blue light-blocking lenses (Table S6).  296 

The GRADE certainty of the evidence assessments for no effect on visual fatigue 297 

and little or no effect on CFF (blue light-blocking versus non blue light-blocking 298 

lenses) were both judged as low. 299 

1.2. Secondary outcomes 300 

Three studies considered dry eye symptoms. NCT0292108788 reported very low 301 

certainty of evidence for no difference in symptom scores between multifocal and 302 

single-vision contact lenses after one week (44 participants; MD: 0.70 units; 95%CI -303 

2.62 to 4.02, p=0.68), Two studies20, 85 provided moderate certainty evidence for no 304 

improvement in dry eye symptoms with blue light-blocking lenses compared to non 305 

blue light-blocking lenses (Table S6). 306 

For other secondary outcomes, Singh et al.20 reported no difference between blue 307 

light-blocking and clear spectacle lenses for the change from baseline in near point 308 

of accommodation (MD: -0.30 D; 95%CI, -0.71 to 0.11, p=0.15), near point of 309 

convergence (MD: 0.29 cm; 95%CI, -0.28 to 0.86, p=0.32), and blink rate (MD: 1.37 310 

blinks per minute; 95%CI, -0.44 to 3.18, p=0.14). The GRADE certainty of the 311 

evidence for each of these outcomes was judged as moderate. 312 

1.3. Adverse events 313 

Four trials20, 84, 87,88 reported adverse event data. No adverse events were reported 314 

for two studies reporting spectacle lens interventions (blue light blocking (2-hours)20 315 

and multifocal lenses (6-months)84). Whilst one study87 reported no adverse events 316 
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in two contact lens-wearing groups after one week, in another88 two participants in a 317 

multifocal contact lens group, and one participant in a control (single vision contact 318 

lens) group had mild anterior eye adverse events after one week. Pooling data from 319 

three studies,84, 87, 88 provided low certainty evidence for no difference in the risk of 320 

an adverse event between multifocal and single vision lenses (Figure S1, three 321 

studies, 180 participants; relative risk (RR): 2.09; 95% CI 0.20 to 21.45; p=0.53).  322 

2. Intervention category - Complementary medicine and nutritional 323 

supplement 324 

2.1. Intervention subcategory - Berry extract 325 

Eight trials23, 62, 66-68, 76, 79, 81 investigated forms of oral berry extract compared to 326 

placebo (bilberry extract, n=623, 62, 66, 67, 79, 81; bog bilberry, n=168; maqui berry, n=176). 327 

Table 4 summarizes the characteristics of these studies. 328 

2.1.1. Primary outcomes 329 

Seven studies evaluated subjective visual fatigue.23, 62, 66-68, 76, 79 Combining their 330 

data gave low certainty evidence for no improvement in visual fatigue score with oral 331 

berry extract supplementation relative to placebo (Figure 4; seven studies, 322 332 

participants; SMD: -0.27 units; 95% CI -0.70 to 0.16; I2 = 70%;  p=0.22); significant 333 

heterogeneity was observed due to divergent effects noted in one study79 (Figure 334 

S2). Pooling data from three studies23, 66, 76 provided low certainty for no difference in 335 

CFF with oral berry extract supplementation relative to placebo at the study 336 

endpoints (Figure 5; 193 participants; MD: -0.35 Hz; 95%CI -1.39 to 0.69; I2 = 29%; 337 

p=0.51). 338 
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2.1.2. Secondary outcomes 339 

Yamashita et al.76 provided very low certainty evidence for no difference in quality of 340 

life score after four weeks using oral maqui berry supplementation relative to placebo 341 

(74 participants; MD: 1.00 units; 95%CI -1.36 to 3.36, p=0.41). Pooling comparable 342 

data from four studies,23, 62, 76, 79 provided no decrease in dry eye symptoms with oral 343 

berry extract supplements relative to placebo (Figure 6; four studies, 198 344 

participants; SMD: -0.10 units; 95%CI -0.54 to 0.33; I2 = 50%; p=0.65). Park et al.68 345 

reported no difference for the change in dry eye scores with billberry extract 346 

supplement compared to placebo (MD: -0.69 units; 95%CI –1.41 to 0.03, p=0.006). 347 

The certainty of evidence for this outcome was juded as low. 348 

Pooling data from two studies23, 66 provided low certainty evidence for no difference 349 

in accommodative amplitude at the study endpoints with oral bilberry extract relative 350 

to placebo supplementation (Figure 7; two studies, 119 participants; MD: -0.06 D; 351 

95%CI -0.64 to 0.53; I2 = 0%; p=0.85). 352 

2.1.3. Adverse events 353 

All eight studies,23, 62, 66-68, 76, 79, 81 reported no adverse events in either the berry 354 

extract or placebo groups. The certainty of the evidence for this outcome was very 355 

low. 356 

2.2. Intervention subcategory - Polyunsaturated fatty acids 357 

Two parallel-arm trials24, 50 evaluated oral long-chain omega-3 fatty acids 358 

(eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA)) compared to 359 

placebo. 360 

2.2.1. Secondary outcomes 361 
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Pooling data from these studies,24, 50 which had very high statistical heterogeneity (I2 362 

= 89%; Figure 8), there was moderate certainty for improved dry eye symptoms with 363 

oral omega-3 supplementation after 45 days to 3 months of follow-up (two studies, 364 

978 participants; MD: -3.36 units; 95%CI -3.63 to -3.10; I2 = 89%; p<0.00001) relative 365 

to placebo. 366 

2.2.2. Adverse events 367 

Although neither study explicitly reported adverse events, participants dropped out of 368 

the omega-3 fatty acid supplement group due to gastric intolerance (n=650 and 369 

n=2624, over 45 days). Neither study reported if dropouts occurred in the placebo 370 

group. The certainty of evidence for this outcome was judged to be low. 371 

2.3. Intervention subcategory – Carotenoid supplement 372 

Nagaki et al.65 and Stringham et al.71 evaluated oral carotenoid supplements relative 373 

to placebo. 374 

2.3.1. Primary outcomes 375 

Nagaki et al.65 provided low certainty evidence for reduced visual fatigue with oral 376 

carotenoid relative to placebo supplements; numeric data were not provided. Pooling 377 

data from both studies65, 71 provided very low certainty of an improvement in CFF 378 

with oral carotenoid supplementation relative to placebo (Figure 9; two studies, 74 379 

participants; MD: 1.55 Hz; 95%CI 0.42 to 2.67; I2 = 0%; p=0.007). 380 

2.3.2. Secondary outcomes 381 

Stringham et al.71 did not measure any of the secondary outcomes. Nagaki et al.65 382 

provided very low certainty evidence for no difference in amplitude of 383 
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accommodation after four weeks of carotenoid supplementation relative to placebo 384 

(26 participants; MD: 0.50 D; 95%CI -0.56 to 1.56, p=0.35). 385 

2.3.3. Adverse events 386 

Only Nagaki et al.65 (n=26) reported adverse events, finding none in either the 387 

carotenoid supplement or placebo groups. The certainty of evidence for this outcome 388 

was judged as low. 389 

2.4. Intervention subcategory - Traditional medicines 390 

Six parallel-arm RCTs25, 51-53, 59, 70 investigated traditional medicines relative to a 391 

placebo; study details are summarized in Table S4. 392 

2.4.1. Primary outcome 393 

Joshi and Ujwale59 provided very low certainty evidence for no difference in visual 394 

fatigue with use of Tila Taila Padabhyanga traditional medicine (foot massage with 395 

sesame oil) relative to placebo (60 participants; MD: -0.70 units; 95%CI -1.52 to 396 

0.12, p=0.09). 397 

2.4.2. Adverse events 398 

Three studies,51-53 involving 270 participants, reported no adverse events in the 399 

traditional medicine or placebo groups, over one month53 to six weeks.51, 52 The 400 

certainty of evidence for this outcome was judged to be moderate. 401 

2.5. Intervention subcategory - Combination supplements 402 

Five studies60, 61, 75, 82, 83 investigated combination oral supplements relative to 403 

placebo (Table S4). 404 
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2.5.1. Primary outcomes 405 

2.5.1.1. Visual fatigue score 406 

Four studies60, 61, 82, 83 reported on visual fatigue, however data were not pooled as 407 

the studies evaluated different supplement combinations (Table S4). Kan et al.83 408 

reported reduced visual fatigue symptoms with a combination supplement of lutein 409 

ester, zeaxanthin, and extracts of blackcurrant, chrysanthemum and goji berry after 410 

four weeks (303 participants; MD: -2.83 units; 95%CI -3.56 to -2.10, p <0.001) 411 

relative to placebo. Three studies60, 61, 82 reported no improvement in symptoms of 412 

visual fatigue with combination supplements compared to placebo (see Table S6 for 413 

details). The certainty of the evidence was judged as very low. 414 

2.5.2. Secondary outcomes 415 

Kan et al.83 reported improved dry eye symptom scores with the combination 416 

supplement after four weeks, relative to placebo (303 participants; MD: -0.52 units; 417 

95%CI -0.74 to -0.30, p<0.001), Futher, two studies60, 82 reported no difference in dry 418 

eye symptom scores with combination supplements compared to placebo (see Table 419 

S6 for details). 420 

There was very low certainty evidence for no difference in amplitude of 421 

accommodation with the combination supplement (see Table 2 for details) 422 

investigated by Kondo and Sawano61, relative to placebo (110 participants; MD: -423 

0.29 D; 95%CI -0.94 to 0.36, p=0.38). Likewise, there was very low certainty 424 

evidence for no difference in eye blink rate between the combination supplement 425 

evaluated by Yagi et al.75 relative to a placebo supplement. 426 
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2.5.3. Adverse events 427 

Two studies82, 83 reported no adverse events in either the combination supplement or 428 

placebo groups. Kondo and Sawano61, studying 110 participants, reported 15 429 

adverse events in the combination supplement group and 19 in the placebo group, 430 

over 12 weeks; all were self-reported and deemed unrelated to the intervention by 431 

the study medical investigator. The certainty of evidence for this outcome was 432 

judged to be very low. 433 

2.6. Intervention subcategory - other 434 

Three parallel-arm trials63, 64, 77 investigated other types of complementary medicines 435 

or nutritional supplements relative to a placebo supplement. The interventions that 436 

were evaluated were Yabukita (group I) and Sunrouge (group II) green tea 437 

extracts,63 an oral probiotic64 and an oral taurine supplement 438 

2.6.1. Primary outcomes 439 

Two studies reported visual fatigue data.63, 64 Morita et al.64 reported no difference 440 

with probiotics relative to placebo (59 participants; MD: -3.00 units; 95%CI -13.06 to 441 

7.06, p=0.56). Similarly, Maeda-Yamamoto et al.63 found no difference between 442 

Sunrouge, Yabukita and placebo green tea extracts; numeric data were not reported. 443 

For CFF, Morita et al.64 reported no difference between oral probiotics and placebo 444 

(59 participants; MD: 0.03 Hz; 95%CI 1.60 to 1.66, p=0.97). Zhang et al.77 observed 445 

no difference between taurine and placebo supplements (25 participants; MD: -4.00 446 

Hz; 95%CI -10.65 to 2.65, p=0.24). 447 

The certainty of evidence for visual fatigue scores was judged to be low, and for CFF 448 

was judged as very low. 449 

Jo
urn

al 
Pre-

pro
of



 22 

2.6.2. Secondary outcomes 450 

Morita et al.64 provided very low certainty evidence for no difference in dry eye 451 

symptom score between oral probiotics and placebo (59 participants; MD: 2.20 units; 452 

95%CI -7.11 to 11.51; p=0.64). 453 

Two studies64, 77 evaluated accommodative amplitude. Morita et al.64 found no 454 

difference with oral probiotics relative to placebo (59 participants; MD: 0.27D; 95%CI 455 

-1.17 to 1.71, p=0.71). Maeda-Yamamoto et al.63 performed a subgroup analysis and 456 

described that, in a group aged less than 45 years, there was an increase in 457 

amplitude of accommodation with Sunrouge green tea extract (n=8), relative to a 458 

placebo (n=10); no numeric data were provided. The certainty of evidence for this 459 

outcome was judged to be very low. 460 

2.6.3. Adverse events 461 

Maeda-Yamamoto et al.63, studying 114 participants, reported no adverse events in 462 

the green tea extract or placebo groups. The certainty of evidence was judged as 463 

moderate. 464 

3. Intervention category – Artificial tears 465 

Guillon et al.78 investigated 2% povidone preservative-free lubricating eye drops, 466 

using three dosing regimens, compared to no intervention. 467 

3.1. Primary outcomes 468 

Visual fatigue was measured, although no numeric data were provided; the study 469 

provided very low certainty evidence for reduced symptoms with the eye drops using 470 

all three instillation frequencies, compared to no intervention. 471 
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3.2. Adverse events 472 

Adverse events were not reported. 473 

4. Intervention category – Environmental modifications 474 

Two parallel-arm studies investigated environmental modifications,56, 57 comprising a 475 

moist cool air device56 and computerized risk assessment systems57.  476 

4.1. Primary outcome 477 

Hirayama et al.56 found no difference in visual fatigue score with a moist cool air 478 

device after five days, relative to no intervention (20 participants; MD: -0.20 units; 479 

95% CI -2.70 to 2.30, p=0.88). Ho et al.57 reported reduced visual fatigue in 480 

participants who received workplace modification advice per the recommendations 481 

generated by a software system, relative to participants who received a delayed 482 

intervention after two weeks (111 participants; MD: -1.47 units; 95%CI -2.35 to -0.59, 483 

p=0.001). After modifying the software to be web-based, no significant improvement 484 

in visual fatigue score was observed in participants who received the work 485 

modification advice immediately, compared to those who received it after a two week 486 

delay (75 participants; MD: -0.78 units; 95%CI -1.83 to 0.27, p=0.15). The certainty 487 

of evidence was judged as very low for this outcome. 488 

4.2. Secondary outcomes 489 

Hirayama et al.56 provided very low certainty evidence for no difference in dry eye 490 

symptom score and blink rate with a moist cool air device, relative to no intervention, 491 

for five days (Table S6). 492 

4.3. Adverse events 493 

Hirayama et al.56 (n=20) reported no adverse events with either the moist cool air 494 

device or no intervention. The certainty of evidence was judged to be very low.  495 
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5. Intervention category – Ergonomic adjustment 496 

Robertson et al. 69 investigated office ergonomic training compared to minimal 497 

training. None of the primary or secondary outcomes were measured, nor were 498 

adverse events documented. 499 

6. Invervention category – Visual hygiene 500 

Alrasheed and Alghamdi86 investigated whether the 20/20/20 rule reduced 501 

symptoms associated with computer use compared to a placebo involving advice to 502 

drink water. 503 

6.1. Primary outcome 504 

Alrasheed and Alghamdi86 provided very low certainty evidence for no improvement 505 

in visual fatigue symptoms with the 20/20/20 rule, relative to drinking water, at the 506 

end of a 20 day follow up period (40 participants; MD: 0.80 units; 95% CI -0.59 to 507 

2.19, p=0.26). 508 

Secondary outcomes 509 

This study86 provided very low certainty evidence for reduced dry eye symptoms with 510 

implementing the 20/20/20 rule relative to placebo (40 participants; MD: -2.60 units; 511 

95% CI -4.51 to -0.69, p=0.008). There was also very low certainty evidence for no 512 

difference in blink rate between the study groups at the study end point (40 513 

participants; MD: 0.85 blinks; 95% CI -3.47 to 5.17, p=0.70). Adverse events were 514 

not reported. 515 

7. Intervention category - Other 516 

Four studies investigated other interventions (Table S4).54, 55, 72, 73 Galinsky et al.55 517 

evaluated the effects of supplementary workplace rest breaks compared to 518 
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conventional workplace breaks. Another study from the same group54 evaluated 519 

supplementary breaks with stretching exercises, compared with conventional breaks. 520 

Two parallel-arm studies by the same lead author (Telles 2006, 2006a)72, 73 521 

evaluated the effects of yoga relative to no exercise. 522 

7.1. Primary outcome 523 

Two studies reported visual fatigue data.54, 73 Telles et al.73 described reduced visual 524 

fatigue with yoga relative to recreational activity (118 participants; MD -0.80 units; 525 

95% CI -1.04 to -0.56, p<0.0001). Galinsky et al.54 described less visual fatigue with 526 

supplementary breaks compared to conventional breaks, but did not provide numeric 527 

data. Both studies were judged to provide very low certainty evidence for this 528 

outcome. Neither study measured any of the secondary outcomes or documented 529 

adverse events. 530 

Discussion 531 

This is the first systematic review to investigate the efficacy and safety of 532 

interventions for CVS. Forty-five RCTs, with sample sizes ranging from 10 to 522 533 

participants and post-intervention follow up periods ranging between <24 hours to 534 

one year, were identified. Of these trials, most investigated complementary 535 

medicines or nutritional supplements (58%) or optical aids (22%). Overall, there were 536 

limited quantitative data relating to the efficacy or safety of CVS interventions. The 537 

certainty of evidence for the prespecified outcome measures, across all 538 

interventions, was judged as moderate, low or very low. The two most common 539 

reasons for downgrading the certainty of the evidence were risk of bias (participant 540 

and outcome assessor not being masked, or industry funding) and imprecision (small 541 

sample size). This uncertainty about the potential effect(s) of interventions on 542 
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outcomes relevant to CVS should be considered when making clinical management 543 

decisions. 544 

This review found very low certainty evidence for no effect on visual fatigue with a 545 

multifocal, compared to single-vision distance, optical correction based on findings 546 

from three RCTs over intervention durations of one week to 6 months. There was 547 

low certainty for no reduction in visual fatigue with oral berry extract supplementation 548 

compared to placebo over four to 12 weeks, based on data from seven RCTs. There 549 

was also low certainty for berry extract supplementation not improving CFF relative 550 

to placebo. Regarding the trial follow-up periods relative to the time that might be 551 

expected for particular interventions to modulate outcome measures, the exposure 552 

period for optical aids is likely appropriate given that the time to derive any benefit is 553 

relatively short. However, for nutritional supplementation a minimum follow-up period 554 

of 12 weeks might be necessary based on their proposed systemic mechanism of 555 

action.90  556 

Substantial risk of performance, detection, and other biases were identified in 557 

several studies. Specifically, 35% of eligible studies did not mask participants or 558 

study personnel to the intervention, including 33% where outcome assessors were 559 

not masked. Larger effect sizes have been associated with studies without masking 560 

relative to those with masking.91 Confidence in estimates from studies that were 561 

neither single- nor double-masked is thus reduced. A further consideration is that 562 

one in three included studies had industry funding, a factor that has been associated 563 

with more favorable conclusions in relation to the efficacy of an intervention 564 

compared to non-industry funded trials.92 565 
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Of the 45 included RCTs, two-thirds did not provide trial registration details, resulting 566 

in limited capacity to assess selective outcome reporting. Two-thirds of included 567 

trials did not report sample size calculations, raising concerns about whether these 568 

studies were adequately powered to detect the intended treatment effects. 569 

Overall completeness and applicability of the evidence 570 

Optical aids are commonly used to manage CVS. A recent survey of 372 Australian 571 

optometrists found that most practitioners (87%) used spectacle lens corrections for 572 

CVS management.93 Assuming a proportion of these corrections involved multifocal 573 

lenses for pre-presbyopic patients, the findings in this review suggest that such 574 

multifocal lens prescribing is unlikely to provide benefit, relative to single-vision 575 

correction, for managing CVS symptoms. 576 

The potential use of blue light-blocking spectacle lenses for treating CVS has gained 577 

attention in recent years.94, 95 Despite this, only three RCTs investigating these 578 

lenses were identified.19, 20, 85 All three studies reported no benefit on eye strain with 579 

blue light-blocking lenses compared to no blue light-blocking lenses. Lin et al.19 did 580 

not provide numeric data, but described a benefit (i.e., less negative change in CFF) 581 

with obviously brown-colored high blue light-blocking lenses, compared to both low 582 

blue light-blocking and no-blue light blocking lens groups. However, use of CFF as a 583 

measure of visual fatigue has been questioned, as not all studies measuring CFF 584 

have found a correlation between a decrease in CFF and symptoms of eye strain.96-585 

98 Furthermore, the findings of Lin et al.19 should be viewed in the context of the 586 

study receiving industry funding, not being prospectively registered, having a 587 

moderate sample size (n=36) and a lack of outcome assessor masking. In contrast, 588 

the double-masked RCT by Singh et al.,20 involving 120 participants, found no 589 
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significant between-group difference (blue light-blocking versus no blue light-590 

blocking) in CFF, as a measure of visual fatigue. 591 

The other major intervention category was oral berry extract. Pooled data from seven 592 

trials23, 62, 66-68, 76, 79 showed no reduction in visual fatigue with berry extract 593 

supplements compared to placebo in study populations without established dietary 594 

deficiences. Use of this intervention also did not improve dry eye symptom scores. 595 

For both visual fatigue and subjective dry eye measures, a range of questionnaires 596 

and scales were used. SMD was used to meta-analyze relevant study data, but this 597 

parameter is not as readily interpretable with respect to clinical significance as 598 

absolute mean differences. Unfortunately, absolute mean differences can only be 599 

derived when consistent scales allow data to be directly pooled. For future RCTs, it 600 

is recommended that an agreed set of validated questionnaires are adopted by 601 

trialists to measure symptoms of CVS5 and dry eye.99  602 

Although some controversy remains as to their benefit, oral omega-3 fatty acid 603 

supplements have also gained attention with respect to their potential utility to 604 

improve ocular surface health, via mechanisms that may involve modulating tear 605 

homeostasis.100, 101 Recent data suggest that omega-3 fatty acid supplements are a 606 

common recommendation amongst eye care practitioners for treating tear 607 

dysfunction.102 In the current review, pooled data from two studies24, 50 provided low 608 

certainty evidence for reduced dry eye symptoms in individuals with CVS assigned to 609 

oral omega-3 supplements compared to placebo. Both studies used the Dry Eye 610 

Questionnaire and Scoring System (DESS) score to quantify symptoms,103 which 611 

does not have a defined minimal clinically important difference (MCID). However, 612 

converting the observed between-group mean difference in DESS score to a 613 
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percentage improvement (MD/maximum questionnaire score), indicates a 20% 614 

reduction in symptoms, which has been proposed to be clinically important for other 615 

validated dry eye symptom scales.104 616 

High statistical heterogeneity was evident for the pooled analysis of symptom scores 617 

for the two studies,24, 50 by the same research group, evaluating omega-3 fatty acid 618 

supplements, although the direction of effect was consistent. This finding may relate 619 

to use of different omega-3 doses in the studies. In practice, practitioners should also 620 

be mindful of potential adverse events associated with oral omega-3 fatty acid 621 

supplementation.105 Bhargava et al.24 had greater participant dropout, due to gastric 622 

intolerance, in the group prescribed the higher dose of omega-3 fatty acids (n=26, 623 

1440mg EPA + 960mg DHA) compared to the lower dose50 (720mg EPA + 480mg 624 

DHA). Gastric intolerance is a common side effect of oral omega-3 625 

supplementation.100, 106 626 

For oral carotenoid supplementation, pooled data from two studies,65, 71 involving 74 627 

participants, provided very low certainty evidence for an improvement in CFF with 628 

the carotenoid intervention relative to placebo. However, it is unclear if the observed 629 

between-group difference of 2 Hz is clinically meaningful, if indeed CFF is a useful 630 

measure of visual fatigue at all.96-98 Further, the potential mechanism of action of 631 

carotenoid supplementation in reducing eye strain is unknown, and the study 632 

population did not appear to have been assessed (at baseline) with respect to a 633 

potential systemic deficiency that might provide some justification for the benefit of 634 

oral supplementation. 635 

Previous narrative reviews that focused on CVS management4, 15, 21, 107 have 636 

recommended optical interventions, artificial tears, ergonomic optimization, adequate 637 
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lighting, and frequent rest breaks to reduce CVS. In contrast, the present systematic 638 

review found no benefit with multifocal lenses compared to a single vision-distance 639 

spectacles for managing CVS. There were limited data to draw conclusions about 640 

the value of traditional medicines, environmental modifications, ergonomic 641 

adjustment, or artificial tears. Although limited data were available to assess the role 642 

of artificial tears in reducing CVS symptoms, dry eye is commonly associated with 643 

CVS15, and artificial tears are a prevalent dry eye management approach.108, 109 644 

Furthermore, though advising computer users to use the “20-20-20” rule is a popular 645 

recommendation,21, 107 only one RCT86 evaluating this approach was identified. This 646 

study86 found no benefit in modifying visual fatigue symptoms using the 20/20/20 647 

rule compared to placebo intervention involving water intake, as required. 648 

The current review included all interventions investigated for CVS, to provide a 649 

comprehensive evidence synthesis that can assist practitioners with clinical 650 

management decisions. It is acknowledged that only studies published in English 651 

were included, and — due to an insufficient number of trials within each intervention 652 

category — the potential reason(s) for heterogeneity could not be analyzed using 653 

meta-regression. Data extracted from clinical trial registry entries (n=2, both in the 654 

optical aids category) and included in the quantitative syntheses should be 655 

interpreted with caution as, compared to results from published studies, registry 656 

results have not undergone a peer review process. Further, among included trials, 657 

participant eligibility criteria varied considerably. The breadth of populations 658 

evaluated in different studies included healthy individuals, computer users, self-659 

reported symptomatic computer users, and participants who performed computer 660 

tasks for a specific duration per day. This variability in study population may affect 661 

the generalizability of the findings. Another consideration is that, to optimize the 662 
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evidence capture, we did not exclude studies judged as having a high risk of bias 663 

based on the Cochrane Risk of Bias tool, however risk of bias has been factored into 664 

our GRADE evidence certainty assessments for each outcome. Therefore, such 665 

certainty assessments apply only to the evidence in aggregate, and should not be 666 

applied to individual studies making up this aggregate, which may differ substantially 667 

in their individual evidence certainties (for example, Lin et al.19 vs Singh et al.20 noted 668 

previously, with regards to blue light-blocking spectacles). It should be noted that two 669 

studies72, 73 that investigated yoga from the same research groups had multiple 670 

similarities – like publication year (2016), recruited same sample size (n=291), and 671 

provided participants with similar intervention/comparator. Hence, the conclusion 672 

regarding yoga intervention needs to be treated with additional caution. In relation to 673 

the meta-analyses, the use of SMD restricted our ability to combine both change 674 

from baseline and endpoint outcome data. The presentation of single studies in the 675 

sub-group analysis of the forest plots (Figures 3 & 6) could be a potential limitation. 676 

In these situations, interpretation of these sub-group analyses must be treated with 677 

particular caution, and greater weight should be given to the total effect that 678 

represents an analysis of multiple studies.  679 

Ten out of 45 studies included in this review did not report,25, 53, 58, 59, 62, 70, 85 or only 680 

partially reported,52, 75, 77 the age of the included participants. Some of the outcome 681 

measures we analyzed might be impacted by age (for example, CFF and amplitude 682 

of accommodation) and so a limitation of our evaluation is that differences in 683 

outcomes between studies could be the result of unreported differences between the 684 

age of the cohorts studied, rather than difference in the effectiveness of the 685 

interventions per se. Further, with inclusion of unadjusted estimates in the meta-686 

analysis, any differences in confounding factors (such as age) between intervention 687 
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groups may be a potential source of confounding bias. Finally, a further potential 688 

limitation is that quantitative data provided purely in graphical, rather than numeric, 689 

form was not considered by this review. 690 

Recommendations for future clinical trials 691 

This review identified substantial inter-study variations in methodology and outcome 692 

measure selection. These findings indicate there would be benefit in developing a 693 

core outcome set for CVS trials, to standardize reporting in future studies and thus 694 

enable enhanced data synthesis in systematic reviews and meta-analyses; this 695 

would enable a clearer determination of the relative efficacy and safety of 696 

interventions, to better inform clinical practice. The need for a similar set of agreed 697 

core outcome measures, for evaluation in intervention trials, has been identified in 698 

other areas of ophthalmic research, including dry eye disease,110 cataract surgery,111 699 

age-related macular degeneration,112 and uveitis.113 700 

Further to the findings in this review, the following recommendations are pertinent to 701 

future CVS RCTs: 1) for general considerations relating to the robust design, 702 

conduct, and reporting of RCTs, guidance outlined in the Consolidated Standards of 703 

Reporting Trials (CONSORT) should be followed.114; 2) symptomatic computer users 704 

should be enrolled, as they comprise the relevant population for evaluating CVS 705 

interventions; 3) the presence of CVS should be confirmed in the study population 706 

using an agreed validated questionnaire, such as the CVS questionnaire,7 to provide 707 

a consistent measure of baseline symptom severity; 4) when measuring visual 708 

fatigue symptoms (the most common outcome measure reported in studies included 709 

in this review), use of a standardized questionnaire5 is recommended; 5) outcome 710 

measure data should be reported in numeric form and include all relevant details 711 
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(e.g., means and standard deviations, or similar), either within the main paper itself 712 

or supplementary materials; 6) experimental studies measuring the change both 713 

before and after computer use, should ideally report the experimental workstation, 714 

type of computer task, task duration, computer screen brightness and contrast, and 715 

room temperature and humidity. 716 

Conclusion 717 

This systematic review finds low certainty evidence for a possible role of omega-3 718 

fatty acid supplementation in managing dry eyes symptoms associated with CVS. 719 

There was low certainty evidence for oral berry extract supplementation to not 720 

reduce visual fatigue or dry eye symptoms. Likewise, low certainty evidence for blue-721 

light blocking lenses being ineffective in reducing symptoms of visual fatigue was 722 

noted. For other interventions, there was insufficient evidence to establish their 723 

efficacy or safety with certainty. The review also highlights a range of frequent 724 

limitations in the design and reporting of RCTs investigating treatments for CVS and 725 

provides recommendations for how these shortcomings might be addressed in future 726 

studies. 727 
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Figure legends 1001 

Figure 1: Flow diagram of studies included in this systematic review (1991-2021). 1002 

Figure 2: Risk of bias assessment in included studies, for each domain in the 1003 

Cochrane Risk of Bias tool. Green, red and yellow circles indicate low, high or 1004 

unclear risk of bias, respectively. 1005 

Figure 3: Forest plot of comparison: Active optical aid (spectacle or contact 1006 

lens) vs. control. Outcome: Visual fatigue or asthenopia score, measured using a 1007 

subjective questionnaire or visual analogue scale. Data are reported at the end of 1008 

the study follow-up period: from 1 week (NCT0358579087 and NCT0292108788; 1009 

multifocal contact lenses) to 1 month (Kee et al.22; progressive addition spectacle 1010 

lenses). For Kee et al.22, data were combined from two separately reported age 1011 

groups (18 to 35 years, n=19, and 30 to 40 years, n=45). For NCT0358579087, the 1012 

presented data were calculated from the median and inter-quartile range. For Kee et 1013 

al.22 mean scores were converted to ensure that higher scores indicated more 1014 

symptoms, for consistency. For all studies presented here, higher scores indicate 1015 

more severe symptoms. 1016 

Figure 4: Forest plot of comparison: Oral berry extract (bilberry and maqui 1017 

berry) vs. placebo supplementation. Outcome: Visual fatigue or asthenopia score, 1018 

measured using a subjective questionnaire or visual analogue scale. For Park et al.68 1019 

(bilberry: 1000mg/day), Okamoto et al.66 (bilberry: 60mg/day), and Sekikawa et al.79 1020 

(bilberry: 43.2mg/day), data are reported at the end of the study follow up period, 1021 

which were week 4,68 week 6,79 and week 1266. For Ozawa et al.23 (bilberry: 3 x 1022 

160mg capsules per day), Liang et al.62 (bilberry: 160mg/day), Okamoto et al.67 1023 

(bilberry: 60mg/day), and Yamashita et al.76 (dextrin 120 mg/day + maqui berry 1024 
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extract 60mg/day), data are reported after VDT load at the end of the follow up 1025 

period, which were week 476, week 662, week 823, and week 1267.. Presented data 1026 

were calculated from the standard error of the mean for Ozawa et al.23, and median 1027 

and inter-quartile range for both Yamashita et al.76 and Sekikawa et al.79 For 1028 

Yamashita et al.76 mean scores were converted to ensure that higher scores 1029 

indicated more symptoms, for consistency. For all studies presented here, higher 1030 

scores indicate more severe symptoms. 1031 

Figure 5: Forest plot of comparison: Oral berry extract (bilberry and maqui 1032 

berry) vs. placebo supplementation. Outcome: Critical flicker-fusion frequency 1033 

(CFF), measured in Hertz (Hz). For Okamoto et al.66 (bilberry: 60mg/day), and 1034 

Yamashita et al.76 (dextrin 120 mg/day + maqui berry extract 60mg/day), data are 1035 

reported at the end of the follow up period, which are week 476 and week 1266. For 1036 

Ozawa et al.23 (bilberry: 3 x 160mg capsules per day), data reported after VDT load 1037 

at the end of the 8 week follow up period. Presented data were calculated from the 1038 

standard error of the mean. For all studies presented here, more negative values 1039 

indicate a greater improvement in visual fatigue. 1040 

Figure 6: Forest plot of comparison: Oral berry extract (bilberryand maqui 1041 

berry) vs. placebo supplementation. Outcome: Dry eye symptom score, measured 1042 

using a questionnaire or rating scale. For Yamashita et al.76 (dextrin 120 mg/day + 1043 

maqui berry extract 60mg/day) and Sekikawa et al.79 (bilberry: 43.2mg/day), data are 1044 

reported at the end of the study follow up period, which were week 468, 76 and week 1045 

679. For Yamashita et al.76 and Sekikawa et al.79, data were calculated from the 1046 

median and inter-quartile range. For Ozawa et al.23 (bilberry: 3 x 160mg capsules 1047 

per day) and Liang et al.62 (bilberry: 160mg/day) data are reported after VDT load at 1048 
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the end of the follow up period, which were week 662 and week 8.23 For Ozawa et 1049 

al.23 data were calculated from the standard error of the mean. For all studies 1050 

presented here, higher scores indicate more severe dry eye symptoms. 1051 

Figure 7: Forest plot of comparison: Oral bilberry extract vs. placebo 1052 

supplementation. Outcome: Amplitude of accommodation, measured in dioptres 1053 

(D). For Okamoto et al.66 (bilberry: 60mg/day), data are reported at the end of the 12 1054 

week follow-up period. For Ozawa et al.23 (bilberry: 3 x 160mg capsules per day), 1055 

data are reported after VDT load at the end of the 8 week follow up period. 1056 

Presented data were calculated from the standard error of the mean. For both 1057 

Okamoto et al.66 and Ozawa et al.,23 more negative values indicate a greater 1058 

improvement. 1059 

Figure 8: Forest plot of: Oral omega-3 fatty acid vs. placebo supplementation. 1060 

Outcome: Dry eye symptoms, measured using a questionnaire or rating scale. For 1061 

both studies (Bhargava et al. (2015)50: oral omega-3 fatty acid dose: 4 x 180mg EPA 1062 

+ 120mg DHA capsules per day; Bhargava et al. (2016)24: 8 x 180mg EPA + 120 mg 1063 

DHA capsules per day), data are reported at the end of the follow up period (45 days 1064 

for Bhargava et al. (2016)24 and 3 months for Bhargava et al. (2015)50). Higher 1065 

scores indicate more severe dry eye symptoms, measured with the Dry Eye Scoring 1066 

System (/18).103 The symptom severity schema is 0–6 mild, 6.1–12 moderate, 12.1–1067 

18 severe. 1068 

Figure 9: Forest plot of comparison: Oral carotenoid vs. placebo 1069 

supplementation. Outcome: Critical flicker-fusion frequency (CFF), measured in 1070 

Hertz (Hz). For Nagaki et al.65 (carotenoid supplement: 5mg/day), and Stringham et 1071 

al.71 (macular carotenoid supplement: 24mg/day), data are at the end of the study 1072 
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follow-up period (4 weeks65 and 6 months71). For both studies, more positive values 1073 

indicate a greater improvement. 1074 
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Table 1. Summary of findings table, including Grading of Recommendations, Assessment, Development and Evaluation (GRADE) assessments 
for the certainty of the body of evidence, for optical interventions for managing computer vision syndrome. 

Intervention vs 

comparator 

Outcome measure No. of participants 

(no. of studies) 

Certainty of 

the evidence 

(GRADE) 

Estimate (95% CI) Comments 

 
with placebo / 

control 

with active 

intervention 

Multifocal vs 

single-vision 

correction 

lenses 

Visual fatigue score, measured using a 

Likert scale or VAS, with follow-up 

ranging from 1wk to 6m. 

352 (4 RCTs) ⊕⊝⊝⊝a 

Very low 

The pooled summary estimate from 

three studies22, 87, 88 indicated little 

to no increase in visual fatigue score 

with the multifocal intervention 

relative to a single-vision correction: 

SMD: 0.11 units higher (0.14 lower 

to 0.37 higher). 

Del Mar Segui-Crespo et al.84 

reported no significant difference 

between multifocal and single 

vision correction: MD: 1.50 units 

lower (3.60 lower to 0.60 higher). 

Kee et al. (2018)22 and Del Mar Segui-Crespo et 

al.84 measured visual fatigue using a Likert 

scale; NCT0358579086 and NCT0292108787 

quantified visual fatigue using a VAS. Estimates 

are presented as SMD. 

Dry eye symptom score, measured 

using a questionnaire or rating scale at 

1wk follow-up. 

44 (1 RCT) ⊕⊝⊝⊝b 

Very low 

One study (NCT0292108788) 

reported no significant difference 

between intervention arms: MD 

relative to placebo: 0.70 units lower 

(2.62 lower to 4.02 higher). 

NCT0292108788 measured dry eye symptoms 

using the Contact Lens Dry Eye Questionnaire-8 

(/37). 

Adverse event rate, measured at follow-

up ranging from 1wk to 6m. 

180 (3 RCTs) ⊕⊕⊝⊝c 

Low 

The pooled summary estimate from 

three studies84, 87, 88 indicated little 

to no difference in adverse event 

rate with a multifocal relative to a 

single-vision correction: RR: 2.09 

higher (0.20 lower to 21.45 higher). 

None. 

Residual 

astigmatism 

correction vs no 

correction 

lenses 

Visual fatigue symptom score, 

measured using a questionnaire or 

rating scale at 25 minutes follow-up. 

12 (1 RCT) ⊕⊝⊝⊝d 

Very low 

Wiggings et al.74 reported significant 

difference between intervention 

arms, but did not provide 

quantitative data. 

Wiggings et al.74 quantified visual fatigue 

symptoms using a Likert scale. 
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Blue light 

blocking vs. non 

blue light 

blocking lenses 

Visual fatigue score, measured using a 

Likert scale or VAS, with follow-up 

ranging from <1d to 5d. 

166 (3 RCTs) ⊕⊕⊝⊝e 

Low 

Singh et al.20 reported no significant 

difference between intervention 

arms; MD relative to placebo: 9.76 

units higher (33.95 lower to 53.47 

higher). 

Two other studies19, 85 reported no 

significant difference between 

intervention arms. 

Singh et al.20 quantified visual fatigue using a 

VAS. Dabrowiecki et al.85 and Lin et al.19 

measured visual fatigue using a Likert scale. 

CFF, measured in Hz, with follow up 2h. 156 (2 RCTs) ⊕⊕⊝⊝f 

Low 

Singh et al.20 reported no significant 

difference between intervention 

arms; MD relative to placebo: 1.13 

Hz lower (3.00 lower to 0.74 higher). 

Lin et al.19 reported a significant 

difference between intervention 

arms, but did not provide numeric 

data. 

None. 

Dry eye symptom score, measured 

using a Likert scale or VAS, with follow-

up ranging from <1d to 5d. 

2 RCTs (130) ⊕⊕⊕⊝g 

Moderate 

Singh et al.20 reported no significant 

difference between intervention 

arms; MD relative to placebo: 1.31 

units lower (10.39 lower to 7.77 

higher). 

Dabrowiecki et al.85 reported no 

significant difference between 

intervention arms, but data were 

reported as daily average change 

rather than change from baseline or 

endpoint data. 

Singh et al.20 quantified dry eye symptoms using 

a VAS. Dabrowiecki et al.84 measured dry eye 

symptoms using a Likert scale. 

Amplitude of accommodation, 

measured in D, with a follow-up of 2h. 

1 RCT (120) ⊕⊕⊕⊝h 

Moderate 

Singh et al.20 reported no significant 

difference between intervention 

arms; MD relative to placebo: 0.30 

D lower (0.71 lower to 0.11 higher). 

None. 
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Near point of convergence, measured in 

cm, with a follow-up 2h. 

1 RCT (120) ⊕⊕⊕⊝h 

Moderate 

Singh et al.20 reported no significant 

difference between intervention 

arms; MD relative to placebo: 0.29 

cm higher (0.28 lower to 0.86 

higher). 

None. 

Blink rate, measured as the number of 

blinks per minute, with a follow-up of 

2h. 

1 RCT (120) ⊕⊕⊕⊝h 

Moderate 

Singh et al.20 reported no significant 

difference between intervention 

arms; MD relative to placebo: 1.37 

blinks/minute higher (0.44 lower to 

3.18 higher). 

None. 

Adverse events, measure at 2h of 

follow-up. 

1 RCT (120) ⊕⊕⊕⊝h 

Moderate 

Singh et al.20 reported no adverse 

events. 
None. 

Abbreviations: CFF, critical flicker-fusion frequency; CI, confidence interval; D, dioptres; d, days; GRADE, Grading of Recommendations, Assessment, Development and Evaluation; h, hours; m, 

months; MD, mean difference; RCT, randomized controlled trial; RR, relative risk; SMD, standardized mean difference; VAS, visual analogue scale; wk, weeks. *Only outcome measures evaluated 

by at least one study are listed in this table. 

aDowngraded two levels due to risk of bias and one level due to inconsistency, as participants and outcome assessors were not masked in two studies,22, 87 one study84 had industry sponsorship, 

and one study87 had divergent effects. 
bDowngraded three levels due to imprecision, as one study88 had a small sample size. 
cDowngraded two levels for risk of bias, as in one study87 participants and outcome assessors were not masked and one study84 had industry sponsorship. 
dDowngraded three levels due to imprecision, as one study74 had a small sample size. 
eDowngraded two levels for risk of bias, as in one study85 outcome assessors were not masked and one study19 had industry sponsorship. 
fDowngraded one level for each of risk of bias and inconsistency, as one study19 had industry sponsorship, and one study20 showed no inter-group differences while the other19 reported a 

positive effect with the blue light-blocking intervention. 
gDowngraded one levels due to risk of bias, as in one study85 outcome assessors were not masked. 
hDowngraded one level due to imprecision, as results derived from a single study, at low risk of bias.20 
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Table 2. Summary of findings table, including Grading of Recommendations, Assessment, Development and Evaluation (GRADE) assessments for 

the certainty of the body of evidence, for complementary medicine and nutritional supplements for managing computer vision syndrome. 

Intervention vs comparator Outcome measure No. of participants (no. 

of studies) 

Certainty of the 

evidence (GRADE) 

Estimate (95% CI) Comments 

with placebo 

/ control 

with active intervention 

Oral berry extract vs placebo 

Visual fatigue score 

measured using a Likert 

scale or VAS with 

follow-up ranging from 

4 to 12wk. 

322 (7 RCTs) ⊕⊕⊝⊝a 

Low 

The pooled summary estimate from seven 

studies23, 62, 66-68, 76, 79 indicated no 

difference in visual fatigue score with the 

berry extract relative to the placebo 

supplement: SMD: 0.27 units lower (0.70 

lower to 0.16 higher).  

In the seven studies, visual 

fatigue was quantified using 

either a Likert scale62, 68, 79 or 

VAS23, 66, 67, 76 Estimates are 

presented as SMD. 

CFF, measured in Hz, 

with follow-up ranging 

from 4 to 12wk. 

193 (3 RCTs) ⊕⊕⊝⊝b 

Low 

The pooled estimate from three studies23, 

66, 76 indicated little to no decrease in CFF 

with the oral berry extract relative to 

placebo: MD: 0.35 Hz lower (1.39 lower to 

0.69 higher). 

Doses ranged from 60mg/day to 

160mg/day. Two studies23, 66 

evaluated bilberry extract and 

one study76 evaluated maqui 

berry. Estimates are presented 

as MD. 
Quality of life measured 

using a questionnaire or 

rating scale at 4wk of 

follow up. 

74 (1 RCT) ⊕⊝⊝⊝c 

Very low 

One study76 reported no significant 

difference between intervention arms: 

MD relative to placebo: 1.00 units higher 

(1.36 lower to 3.36 higher). 

Yamashita et al.76 measured 

quality of life using the Dry Eye 

Questionnaire Score (/100). 

Dry eye symptom score, 

measured using a Likert 

scale or VAS, with 

follow-up ranging from 

4 to 8wk. 

248 (5 RCTs) ⊕⊕⊝⊝d 

Low 

The pooled estimate from four studies23, 

62, 76, 79 indicated no improvementin dry 

eye symptoms with the oral berry extract 

relative to placebo: SMD: 0.10 units lower 

(0.54 lower to 0.33 higher). 

Park et al.68 reported no improvement in 

dry eye score with billberry extract 

compared to placebo: 0.69 units lower 

(1.41 lower to 0.03 higher) 

Dry eye score was quantified 

using either a Likert scale62, 68, 76, 

79 or VAS23 (/100). Estimates are 

presented as SMD. 
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Amplitude of 

accommodation, 

measured in D, with 

follow-up ranging from 

8 to 12wk. 

119 (2 RCTs) ⊕⊕⊝⊝e 

Low 

The pooled estimate from two studies23, 66 
indicated little to no decrease in 

amplitude of accommodation with the 

oral berry extract relative to placebo: MD: 

0.06 D lower (0.64 lower to 0.53 higher). 

Both studies evaluated oral 

bilberry extract. Estimates are 

presented as MD. 

 Adverse event rate, 

measured at follow-up 

ranging from 4wk to 

12wk. 

8 RCTs (440) ⊕⊝⊝⊝f 

Very low 

Eight studies23, 62, 66-68, 76, 79, 81  reported 

no adverse events. 

None. 

Oral omega-3 fatty acids vs 

placebo 

Dry eye symptom score, 

measured using a Likert 

scale or VAS, at 45d of 

follow-up. 

978 (2 RCTs) ⊕⊕⊝⊝g 

Low 

The pooled summary estimate from two 

studies24, 50 indicated a reduction in dry 

eye score with oral omega-3 fatty acids 

relative to placebo: MD: 3.36 units lower 

(3.63 lower to 3.10 higher). 

Both studies measured dry eye 

using Dry Eye Questionnaire and 

Scoring System (/18).103 

Estimates are presented as MD. 

Adverse event rate, 

measured at 45d of 

follow-up. 

978 (2 RCTs) ⊕⊕⊝⊝h 

Low 

Two studies24, 50 did not explicitly report 

adverse events, but did mention that 

participants dropped out of the omega-3 

fatty acid supplement group due to gastric 

intolerance.  

None. 

Oral carotenoid supplement 

vs placebo 

Visual fatigue score 

measured using a 

questionnaire or rating 

scale at 4wk of follow- 

up. 

39 (1 RCT) ⊕⊝⊝⊝i 

Very low 

Nagaki et al.65 reported no significant 

difference between intervention arms. 
None. 

CFF, measured in Hz, 

with follow-up ranging 

from 4wk to 6m. 

74 (2 RCTs) ⊕⊝⊝⊝j 

Very low 

The pooled estimate from two studies65, 71 

indicated no significant improvement in 

CFF with the oral berry extract relative to 

placebo: MD: 1.55 Hz higher (0.42 lower 

to 2.67 higher). 

The dose of carotenoids ranged 

from 5mg/day65 to 24mg/day71. 

Estimates are presented as MD. 

Amplitude of 

accommodation, 

measured in D, at 4wk 

of follow-up. 

26 (1 RCT) ⊕⊝⊝⊝k 

Very low 

One study65 reported no significant 

difference between the intervention 

arms: MD relative to placebo: 0.50 D 

higher (0.56 lower to 1.56 higher). 

None. 
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Adverse event rate, 

measured at 4wk of 

follow-up. 

 26 (1 RCT) ⊕⊕⊝⊝l 

Low 

Nagaki et al.65 reported no adverse 

events. 
None. 

Traditional medicine vs 

placebo 

Visual fatigue score 

measured using a Likert 

scale or VAS, at 60d of 

follow-up. 

60 (1 RCT) ⊕⊝⊝⊝m 

Very low  

One study59 reported no significant 

difference between the intervention 

arms: MD relative to placebo: 0.70 units 

lower (1.52 lower to 0.12 higher). 

Joshi and Ujwale. (2016)59 

measured visual fatigue using a 

VAS (/10). 

Adverse event rate, 

measured at follow-up 

ranging from 1m to 

6wk. 

270 (3 RCTs) ⊕⊕⊝⊝n 

Low 

Three studies51-53 reported no adverse 

events. 

None. 

Combination of oral 

supplements vs placebo 

Visual fatigue score 

measured using a 

questionnaire or rating 

scale, with follow-up 

ranging from 4wk to 

12wk. 

475 (4 RCTs) ⊕⊝⊝⊝o 

Very low 

Kan et al.83 reported  significant difference 

between interventions: MD relative to 

placebo: 2.83 units lower (3.56 lower to 

2.10 higher). 

Kawabata and Tsuji60 reported no 

significant difference between the 

intervention arms: MD relative to 

placebo: 0.40 units lower (1.20 lower to 

0.40 higher). 

Kondo and Sawano61 reported no 

significant difference between the 

intervention arms: MD relative to 

placebo: 0.40 units lower (2.20 lower to 

1.40 higher). 

Kizawa et al.82 reported no significant 

difference between the intervention 

arms: MD relative to placebo: 0.00 units  

(0.65 lower to 0.65 higher). 

All studies quantified visual 

fatigue using a Likert scale. 
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Dry eye symptom score, 

measured using a Likert 

scale or VAS, with 

follow-up ranging from 

4 to 12wk. 

 365 (3 RCTs) ⊕⊕⊝⊝p 

Low 

Kan et al.83 reported  significant difference 

between interventions: MD relative to 

placebo: 0.52 units lower (0.74 lower to 

0.30 higher). 

Kawabata and Tsuji60 reported no 

significant difference between 

interventions: MD relative to placebo: 

0.58 units lower (1.80 lower to 0.64 

higher). 

Kizawa et al.82 reported no significant 

difference between interventions: MD 

relative to placebo: -1.00 units lower (1.81 

lower to 0.19 higher). 

All studies quantified dry eye 

symptoms using a Likert scale. 

Amplitude of 

accommodation, 

measured in D, at 12wk 

of follow-up. 

110 (1 RCT) ⊕⊝⊝⊝q 

Very low 

One study61 reported a significant 

difference between the intervention 

arms: MD relative to placebo: 0.29 D 

lower (0.94 lower to 0.36 higher). 

None. 

Blink rate, measured as 

the number of blinks 

per minute, at 2wk 

follow-up. 

13 (1 RCT) ⊕⊝⊝⊝r 

Very low 

Yagi et al.75 reported no difference 

between the study intervention arms, but 

did not provide quantitative data. 

None. 

Adverse event rate, 

measured at follow-up 

ranging from 6 to 12wk. 

453 (3 RCTs) ⊕⊝⊝⊝s 

Very low 

Two studies82, 83 reported no adverse 

events.  

Kondo and Sawano61, reported 15 adverse 

events in the combination supplement 

group and 19 in the placebo group; all 

were deemed unrelated to the 

interventions. 

None. 

Other oral interventions 

(Green tea, probiotic, and 

Visual fatigue score 

measured using a 

questionnaire or rating 

173 (2 RCTs) ⊕⊕⊝⊝t 

Low 

Morita et al.64 reported no difference with 

oral probiotics relative to placebo: MD 

Both studies quantified visual 

fatigue using a VAS. 
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taurine supplements) vs 

placebo 

scale, with follow-up 

ranging from 8 to 12wk. 

relative to placebo: 3 units lower (13.06 

lower to 7.06 higher). 

Maeda-Yamamoto et al.63 reported no 

difference between Sunrouge, Yabukita 

and placebo green tea extracts. 

CFF, measured in Hz, 

with follow-up ranging 

from 12d to 8wk. 

84 (2 RCTs) ⊕⊝⊝⊝u 

Very low 

Morita et al.64 reported no difference with 

oral probiotics relative to placebo: MD 

relative to placebo: 0.03 Hz higher (1.60 

lower to 1.66 higher). 

Zhang et al.77 reported no difference with 

a taurine supplement relative to placebo: 

MD relative to placebo: 4 Hz lower (10.65 

lower to 2.65 higher). 

None. 

Dry eye symptom score, 

measured using a Likert 

scale or VAS, at 8wk of 

follow-up. 

59 (1 RCT) ⊕⊝⊝⊝v 

Very low 

Morita et al.64 reported no difference with 

oral probiotics relative to placebo: MD 

relative to placebo: 2.20 units higher (7.11 

lower to 11.51 higher). 

 

Morita et al.64 measured dry eye 

symptoms using a Likert scale. 

Amplitude of 

accommodation, 

measured in D, with 

follow-up ranging from 

8 to 12wk. 

173 (2 RCTs) ⊕⊝⊝⊝w 

Very low 

Morita et al.64 reported no difference with 

oral probiotics relative to placebo: MD 

relative to placebo: 0.27 D higher (1.17 

lower to 1.71 higher). 

Maeda-Yamamoto et al.63 reported an 

increase in amplitude of accommodation 

with Sunrouge green tea extract, relative 

to a placebo, but did not provide 

quantitative data.  

None. 

Adverse events 114 (1 RCT) ⊕⊕⊕⊝x 

Moderate 

Maeda-Yamamoto et al.63 reported no 

adverse events. 
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Abbreviations: CFF, critical flicker-fusion frequency; CI, confidence interval; D, dioptres; d, days; GRADE, Grading of Recommendations, Assessment, Development and Evaluation; mg, milligrams; 

m, months; MD, mean difference; NA, not applicable; RCT, randomized controlled trial; RR, relative risk; SMD, standardized mean difference; VAS, visual analogue scale; wk, weeks. *Only 

outcome measures evaluated by at least one study are listed in this table. 

aDowngraded two levels due to risk of bias, as one study62 had incomplete outcome data and selective reporting bias, and six studies23, 62, 66, 67, 76, 79 had industry sponsorship. 
bDowngraded two levels due to risk of bias, as all three studies23, 66, 76 had industry sponsorship. 
cDowngraded one level for risk of bias and two levels for imprecision, as one study76 had industry sponsorship and a small sample size. 
dDowngraded two levels, due to risk of bias; as one study62 had incomplete outcome data and selective reporting bias, and four studies23, 62, 76, 79 had industry sponsorship. 
eDowngraded one level for each of risk of bias and imprecision, as two studies23, 66 had industry sponsorship, and relatively wide CIs. 
fDowngraded three levels due to risk of bias, as six studies had selective reporting bias,23, 62, 67, 68, 76, 81 and seven studies had industry sponsorship. 23, 62, 66, 67, 76, 79, 81 

gDowngraded two levels, due to inconsistency due to the high inter-study heterogeneity, and one study50 had baseline differences. 
hDowngraded two levels, due to indirectness, as two studies24, 50 did not explicitly report adverse events. 
iDowngraded three levels due to imprecision, as one study65 had a small sample size. 
jDowngraded one level for each of risk of bias, inconsistency, and imprecision; one study71 had industry sponsorship, one study65 showed no inter-group differences with wide CIs, while the 

other71 reported a positive effect with the carotenoid intervention, and both studies65, 71 had a small sample size. 
kDowngraded three levels for imprecision, as one study65 had a small sample size. 
lDowngraded two levels for imprecision, as one study64 had a small sample size. 
mDowngraded two levels for risk of bias and one level for imprecision, as in one study59 the method of allocation concealment was not reported, the participants and outcome assessors were 

not masked, and it had a small sample size. 
nDowngraded one level for each of risk of bias and imprecision, as in one study53 the participants and outcome assessors were not masked, and this study had a small sample size. 
oDowngraded three levels for risk of bias, as one study61 had selective reporting bias, and three studies61, 82, 83 had industry sponsorship. 
pDowngraded two levels for risk of bias, as two studies82, 83 had industry sponsorship. 
qDowngraded two levels for risk of bias and one level for imprecision, as this study61 had selective reporting bias, industry sponsorship, and small sample size. 
rDowngraded three levels, due to imprecision, as one study75 had a small sample size. 
sDowngraded three levels for risk of bias, as one study61 had selective reporting bias, and three studies61, 82, 83 had industry sponsorship. 
tDowngraded one level for each of risk of bias and imprecision, as one study64 had industry sponsorship and wide CIs. 
uDowngraded one level for risk of bias and two levels for imprecision, as one study64 had industry sponsorship, and wide CIs, and this and another study77 had small sample sizes. 
vDowngraded one level for risk of bias and two levels for imprecision, as one study64 had industry sponsorship, wide CIs, and a small sample size. 
wDowngraded one level for risk of bias and two levels for imprecision, as one study64 had industry sponsorship and wide CIs, and another study63 had a small sample size. 
xDowngraded one level due to imprecision, as results were obtained from a single study.63 
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Table 3. Key characteristics of randomised trials evaluating optical aids 

Study Intervention 
sub-category 

Participant 
population 

Intervention(s) 
(Frequency) 

Comparator 
(Frequency) 

Recruited 
sample size 

Intervention 
duration 

Clinical trial ID, 
NCT02921087 
(2016)88 

CLs Symptomatic 
electronic device 
users 

MF (F: Daily wear, daily disposable 
schedule). 

SV (F: Daily wear, daily 
disposable schedule) 

23 1 week 

Clinical trial ID, 
NCT03585790 
(2018)87 

CLs Symptomatic 
electronic device 
users 

MF (F: NR) SV (F: NR) 45 1 week 

Dabrowiecki et al. 
(2020)85 

Spectacles Radiology 
residents 

Blue light-blocking SVL (F: 8:00am to 
5:00pm/day) 

Non blue light-blocking 
SVL (F: 8:00am to 
5:00pm/day) 

10 1 week 

Del Mar Segui-
Crespo M et al. 
(2021)84 

Spectacles Pre-presbyopic, 
symptomatic 
computer users 

PALs with low near add (F: when 
using electronic displays) 

SVLs (F: when using 
electronic displays) 

90 6 months 

Horgen et al. 
(2004)58 

Spectacles Experienced VDT 
users 

#1: Essilor InterviewTM lenses (F: NR) 
#2: Zeiss GradalTM room distance 
lenses (F: NR) 
#3: TechnicaTM American Optical 
lenses (F: NR) 

SVLs (F: NR) 158 1 year 

Kee et al. (2018)22 Spectacles Computer users 
>2 hours/day 

Zeiss PALs (F: NR) Zeiss SVLs (F: NR) 64 1 month 

Lin et al. (2017)19 Spectacles Adults who did 
not perform VDT 
work for ≥ 1 hour 
beforehand 

#1: High blue light-blocking SVLs (F: 1 
x 2 hour session). 
#2: Low blue light-blocking SVLs (F: 1 
x 2 hour session). 

Non blue light-blocking 
SVLs (F: 1 x 2 hour 
session) 

36 2 hours 

Singh et al. 
(2021)20 

Spectacles Symptomatic 
computer users 

#1: Blue light blocking SVLs with 
positive deception (F: 1 x 2 hour 
session) 

#1:  Non blue light-
blocking SVLs with 
positive deception (F: 1 x 
2 hour session) 

120 2 hours 
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Abbreviations: CL, contact lens; CLs, contact lenses; D, dioptres; F, frequency; MF, multifocal; NR, not reported; PALs, progressive addition lenses; SV, single 
vision; SVLs, single vision lenses; VDT, visual display terminal. 

#2: Blue light blocking SVLs with 
negative deception (F: 1 x 2 hour 
session) 

#2: No blue light-blocking 
SVLs with negative 
deception (1 x 2 h 
session) 

Wiggins et al. 
(1992)74 

Spectacles Soft CL users Subjective residual astigmatism 
corrected with trial lenses (F: 1 x 25 
minute session) 

SVLs with +0.12 D (F: 1 x 
25 minute session) 

12 25 minutes 

Yammouni and 
Evans et al. 
(2020)80 

Spectacles Symptomatic 
computer users 

#1: Low add +0.50 SVLs (F: NR) 
#2: Low add +0.75 SVLs (F: NR) 
#3: Low add +1.25 SVLs (F: NR). 

Plano lenses (F: NR) 107 <1 day 
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Table 4. Key characteristics of randomised trials evaluating formulations of oral berry extract 

 
Study Participant 

population 
Intervention(s) 

(Dose; Frequency) 
Comparator 

(Dose; Frequency) 
Recruited 

sample size 
Intervention 

duration 

Kosehira 
et al. 
(2020)81 

Symptomatic 
computer 
users 

Bilberry extract (D: 
240mg; F: 1 capsule/d) 

Oral placebo (D: NR; 
F: 1x/d) 

109 12 weeks 

Liang et al. 
(2017)62 

Symptomatic 
computer 
users 

Bilberry extract (D: 
160mg; F: 1 capsule/d) 

Oral placebo (D: NR; 
F: 1x/d) 

21 6 weeks 

Ozawa et 
al. (2015)23 

Symptomatic 
VDT users 

Bilberry extract (D: 
160mg; F: 3 capsules, 
1x/d) 

Oral placebo, 
containing starch, 
crystalline cellulose, 
and calcium 
stearate (D: NR; F: 3 
capsules, 1x/d) 

88 8 weeks 

Okamoto 
et al. 
(2018)66 

Symptomatic 
VDT users 

Bilberry extract (D: 
60mg; F: 1 capsule/d) 

Oral placebo, 
consisting of edible 
oil and corn-starch 
(D: 555mg; F: 1 
capsule/d) 

47 12 weeks 

Okamoto 
et al. 
(2019)67 

Symptomatic 
VDT users 

Bilberry extract (D: 
60mg; F: 1 capsule/d) 

Oral placebo, 
containing edible oil 
and corn-starch (D: 
555mg; F: 1x/d) 

44 12 weeks 

Park et al. 
(2016)68 

Computer 
users >2 
hours/d 

Vaccinium ulginosum 
extract (DA9301) 
tablet (D: 1000mg; F: 
1x/d) 

Oral placebo, 
containing lactose 
(D: NR; F: NR) 

60 4 weeks 

Sekikawa 
et al. 
(2021)79 

Symptomatic 
VDT users 

Bilberry extract 
capsule (D: 43.2mg; F: 
1x/d). 

Placebo capsule (D: 
NR; F: 1x/d). 

32 6 weeks 

Yamashita 
et al. 
(2019)76 

Symptomatic 
computer 
user 

MaquiBrightTM capsule 
D: 120mg dextrin 
+60mg MaquiBright 
(21mg anthocyanins + 
15mg delphinidins + 
4mg delphinidin-3,5-
O-diglucoside; F: 
1x/d). 

Oral placebo (D: 
180mg; F: 1x/d). 

74 4 weeks 

Abbreviations: d, day; D, dose; F, frequency; mg, milligrams; NR, not reported;  VDT, visual display 
terminal; x, times. 
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Précis 

Spectacles (including multifocal and blue-blocking) and nutritional supplements are commonly 

proposed for treating eye strain from computer use, yet our systematic review finds no high certainty 

evidence to support these therapies. 
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