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1. Protocol title
The Influences of Smartphone Use on the Status of the Tear Film and Ocular Surface

2. Objective
To investigate the influences of smartphone use on ocular symptoms, status of the tear film, and oxidative stress in the tears and ocular surface

3. Background
The smartphone is one of the most innovative and remarkable inventions in recent decades and greatly impacts human life. Smartphones allow more varied activities including exploring web pages, watching video, chatting with a group, and enjoying social network services than the previous generation. Therefore, time spent gazing at display screens has increased with smartphone use compared with ordinary cellular phone use. One study reported that the average time spent using a smartphone nearly doubled from 98 minutes per day in 2011 to 195 minutes in 2013.
Because increased time of use is related to DED, excessive use of smartphones may affect the tear film and the ocular surface. Similar to office workers who spent more than 4 hours watching VDT experienced severe ocular symptoms, excessive smartphone use has been associated with multiple ocular symptoms. In addition, we recently demonstrated that blue light, which is emitted from the smartphone screen, harmfully affected human corneal epithelial cells. Overexposure to the blue light also deteriorated tear film and increased inflammatory markers and reactive oxygen species (ROS) production on the ocular surface of mice.
To our knowledge, no study has been published on ocular symptoms, signs or oxidative stress in the tears or the ocular surface associated with smartphone use. In the present study, we investigated the effects of smartphone use on subjective ocular asthenopia, tear film status, and oxidative marker levels in healthy subjects compared with computer display use.

4. Study design
Prospective, non-Randomized, Clinical Trial

5. Method
The healthy volunteers were assigned to either smartphone (n = 50) or computer display (n = 30; control) use. . In the smartphone group, subjects used the same smartphone with a 5.1 inch light emitting diode (LED) screen from the same manufacturer (Galaxy S6, Samsung, Seoul, South Korea). In the control group, subjects used the same computer display with a 19.0 inch screen (Samsung). The illumination intensity was fixed at 80% of the maximum brightness. The distance and angle between the screen of display and the subjects were also limited to be constant. All examinations were performed before smartphone use and after 1 hour and 4 hours of smartphone or computer display use by a single investigator. Each subject underwent a detailed ocular examinations including best corrected visual acuity, slit lamp biomicroscopy, OSDI score, VAS, Computer vision syndrome score, tear film BUT, Schirmer’s test, Keratograph 5M for NIKBUT and TMH, and history of additional usage of eyedrops which can affect ocular surface. 


6. Inclusion criteria
(1) Healthy volunteer aged 20 to 40 years
(2) Healthy volunteer without any other ocular disease.
(3) Healthy volunteer use smartphone or computer display.

7. Exclusion criteria
(1) previous ocular surgery before the study
(2) active eye and periocular skin inflammation
(3) patients with pregnant woman
(4) previous ocular surgery before the study
(5) history of wearing contact lenses
(6) history of active treatment of eye drops (topical steroid or topical cyclosporin) 
(7) systemic condition or medication that could cause any other ocular disease.

8. Statistics
Statistical Package for the Social Sciences software version 18.0 (SPSS, Inc, Chicago, IL) was used for all statistical analyses. Data are presented as the mean ± standard deviation. To assess changes in the various parameters before smartphone or computer display use and after 1 hour and 4 hours of use, Wilcoxon signed rank test was used. Mann-Whitney U test was used to compare the results between two groups. Differences were considered statistically significant if the p value was less than 0.05.

9. Outcome measurements
(1) Subjective symptom (OSDI, VAS, CVS score)
The OSDI questionnaire included the following subscales: (1) ocular symptoms (OSDI symptoms), (2) vision-related activities in daily living (OSDI visual function), and (3) environmental triggers (OSDI triggers). The total OSDI score and each subscale score, ranging from 0 to 100, were analyzed. Changes in ocular fatigue before and after smartphone use were examined by a VAS test to assess subjective asthenopia. We used a form with a scale of “I have no fatigue” (0) to “I feel extremely fatigued” (100) written on the extreme ends of a 100-mm line. We used a modified questionnaire proposed by Ames et al. to evaluate CVS score. These questionnaires included 5 questions on severity of fatigue, burning, dryness, blurred vision, and dullness associated with subjective asthenopia. Each question was graded on a numerical scale of 0–6, with 0 defined as none and 6 as most severe. All subjects completed the questionnaire before use and immediately after 1 hour and 4 hours of use. 

(2) Tear film break-up time
Tear film BUT was evaluated 2 µl of 1% fluorescein solution was instilled on to the inferior palpebral conjunctiva after gentle depression of the lower eyelid. The interval between the last blink and the appearance of the first precorneal hypofluorescent spot, streak, or other irregularity interrupting the normal homogenous fluorescein pattern was recorded as the tear film BUT (seconds).

(3) Schirmer test
Schirmer’s test was performed by instilling one drop of proparacaine 0.5% anaesthetic, waiting for 5 min. A standard Schirmer test strip was then placed in the lateral canthus for another 5 min with the eyes closed. The length of wetting of the strip was measured using the millimeter scale.

(4) Keratograph 5M for NIKBUT and TMH
Non-invasive keratograph break-up (NIKBUT) and tear meniscus height (TMH) were measured by Keratograph® 5M (Oculus GmbH, Wetzlar, Germany). NIKBUT was evaluated by using an infrared diode video program in the Keratograph® 5M. The NIKBUT-average (the average time of all tear film breakups) was analyzed. TMH was evaluated by four infrared diodes with the red ring illumination deactivated and graded perpendicular to the lid margin at the 6 o’clock position of the midline of the cornea.

(5) Tear sampling 
Basal tear samples were carefully obtained to avoid touching the ocular surfaces from the inferior tear meniscus of both eyes by using glass capillary tubes (Corning, Inc., Corning, NY) or micropipettes (Eppendorf, Hamburg, Germany) before smartphone use and immediately after 1 hour and 4 hours of use.
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