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Purpose: The COVID-19 pandemic has necessitated specific public health measures, resulting in the alteration of lifestyles, such as
increased digital screen time and fewer outdoor activities. Such conditions have increased the progression of myopia in children.
However, no investigation of myopia progression in early adulthood has been conducted during this period. Consequently, this study
aimed to evaluate the outbreak of COVID-19-related myopia progression among adults at an optometry clinic during the COVID-19
pandemic.

Materials and Methods: This was a retrospective cohort study in which participants aged 18-25 years who first visited (baseline)
the optometry clinic between June 2019 and March 2020 were recruited for follow-up from November 2021 to March 2022. Spherical
equivalent refraction (SER), uncorrected distance visual acuity (UCDVA), and binocular cross cylinder (BCC) were recorded at
baseline and a follow-up visit. Using questionnaires, a survey was conducted to assess the lifestyle changes that transpired during the
COVID-19 pandemic.

Results: In total, 37 participants with a mean age of 22.5+1.4 years were enrolled, of which 89.2% were female. Following the
outbreak of the COVID-19 pandemic, most participants self-reported increased daily use of digital devices (89.2%), online education
(86.5%), and spending more time at home (94.6%), which increased by approximately 7.6+£3.2 hours, 5.9+1.7 hours, and 13.2+7.5
hours, respectively. There were statistically significant differences between SER and BCC at baseline and after approximately 2 years
of the COVID-19 pandemic (p < 0.05). The mean two-year myopia progression was —0.59+0.67 D (Maximum = 0.00 D, Minimum =
-3.38 D).

Conclusion: This study revealed that myopia could progress during adulthood among those who have lived under public health
measures intended to address the COVID-19 pandemic.

Keywords: adult myopia progression, COVID-19, lifestyle change, optometry clinic

Introduction
In recent years, the pandemic caused by the coronavirus that arose in 2019 (COVID-19) has had a global impact on
almost every aspect of people’s lives as various national governments globally implemented public health measures to
prevent physical contact and limit viral transmission. People of all ages were obliged to home quarantine, and outdoor
activities were forbidden.! Such conditions reduced outdoor activities and increased the use of visual display terminals
(VTD) to communicate with others as well as maintain productivity, i.e. online learning and working,*> resulting in
prolonged digital screen time and blue light exposure. Excessive exposure to blue light can have a harmful effect on the
retina and may also contribute to a higher incidence of retina disorder.* In addition, previous publications have indicated
lifestyle changes, such as wearing face masks and increasing digital screen time during containment measures, can
promote dry eye.”’ Moreover, prolonged exposure to digital screens during intensive near-work activities and increased
time spent on indoor activities are considered well-known risk factors for myopia progression.®’

Myopia development is determined by age, the age at which myopia first appears, the duration and intensity of
myopia, and ethnic origin.'>'" Myopia can progress quickly in children and become stable as they grow older.
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Nevertheless, some studies have suggested that myopia may get worse after puberty.'?"'* During a 2-year study of first-
year medical students, Jacobsen et al identified a mean spherical equivalent shift of —0.40 diopter,'® while Lin et al
discovered a considerable mean spherical equivalent shift over a 5-year period starting around the age of 18-21 years.'
As a result, myopia progression among young adults is conceivable during the COVID-19 pandemic, which means that
focused near-work activities and less time spent outdoors due to public health actions may impact the progression of
myopia in early adulthood.

Several previous studies have reported on myopic progression in children and adolescents during the COVID-19
pandemic.'>'7 However, no evidence regarding adult myopia progression has been collected during the same period.

Therefore, this study aimed to evaluate the outbreak of COVID-19-related myopia progression in early adulthood.

Materials and Methods

Study Design

This study utilized an observational design comprised of a retrospective cohort setting conducted at the Optometry Clinic
of Ramkhamhaeng University, located in Bangkok, Thailand. The protocol, following the Declaration of Helsinki and the
Belmont Report, was approved by the Ramkhamhaeng Research Ethics Committee (RU-HRE64/0022). All participants
were informed regarding the purpose of the study as well as the risks and benefits, and assured that their information
would remain confidential. All of the participants signed written informed consent forms. No participants or public
figures were involved in the design, conduction, reporting, or dissemination of the plans for this study.

Study Population, Inclusion and Exclusion Criteria

This study considered the case records of patients who visited the optometry clinic between June 2019 and March 2020.
The criteria included in this study were as follows: 1) patients were aged from 18-25 years old, 2) patients were clinically
examined by optometry students, who were supervised by the authors (TK, NS, and CP), and 3) patients had spherical
equivalent refraction (SER) < —0.50 diopter (D) in both eyes. Among these, the patients’ records were excluded from the
study if they 1) had SER < —5.0 D at baseline, 2) constantly used contact lenses, 3) had a history of ocular surgery, 4)
used addictive drugs, 5) had an ocular disease, ie glaucoma, cataract, and retinal detachment at baseline and follow-up
periods, or 6) had a systemic disease, ie diabetes mellitus and hypercholesterolemia. Ultimately, 444 patients were
considered as the population for this study.

Sample Size

The sample size was calculated by G-power'® based on a-priori power analysis assuming an effect size of 0.5, alpha of
0.05, and power of 0.95. Therefore, the appropriate sample size to compare the SER was 57 participants. We randomly
selected and invited 100 participants by telephone. Among these, 37 participants agreed to enroll in the study, which was

lower than the expected sample size. However, it was a suitable sample size for a preliminary study.'°

Clinical Examinations

At the clinic, the participants were given comprehensive ophthalmic examinations by optometrist students under CP
supervision. Visual acuity was measured both monocularly and binocularly in photopic vision by Snellen’s chart at
distance and near. For the participants with uncorrected vision of 0.5 decimal (6/12 in meters) or worse, visual acuity
testing was repeated with a pinhole occluder, which is an excellent way to screen for disorders of the eyes and
uncorrected refractive errors. Refractive error was measured using both objective and subjective refractive techniques.
Objective refraction was performed by static (distance) retinoscopy (Neitz, Japan) to determine a starting point, while
subjective refraction was performed with a phoropter (Takagi, Japan) to record uncorrected distance visual acuity
(UCDVA) and determine the combination of lenses providing the best-corrected distance visual acuity (BCDVA). The
binocular cross-cylinder test (BCC) was performed with the cross grid at 40 cm in dim light. This test found the
accommodative response while viewing a near target. The LogMAR score was converted from Log;, ((Snellen
denominator/Snellen numerator) — (0.02 x number of optotypes read). Since the eyes are a possible mode of
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transmission> 22

and universal recommendations on safety systems for clinical optometrists and clinical ophthalmolo-
gists are lacking,?* all participants had to report negative rapid antigen tests 12 hours before visiting the clinic, and wear
facemasks for the entire time. The examiners wore face masks and face shields for all cases. All equipment in this study

was disinfected using 70% alcohol for each participant.

Questionnaire

All of the participants were assigned to complete the questionnaire to self-evaluate their lifestyle alterations due to the
COVID-19 pandemic, which comprised four questions: 1) “Do you use electronic devices (smartphones, computers, and
tablets) in your daily life more since the outbreak of COVID-19?”; 2) “Have you had online classes since the outbreak of
COVID-197”; 3) “Are you spending more time at home since the outbreak of the COVID-19?”; and 4) “Are you
spending more time on social media platforms since the outbreak of COVID-19?”

Statistical Analysis

Data were summarized and presented by mean, standard deviation (SD), and percentage of participants. All statistical
testing was conducted using SPSS version 18.0 (SPSS, Chicago, IL, USA). The significance level was p-value < 0.05.
The Kolmogorov—Smirnov test and Shapiro—Wilk test were used to evaluate the normality of the data. To compare the
mean SE and BCC between baseline and follow-up, the Wilcoxon Signed-Rank test was used.

Results
A total of 37 participants completed the examinations, with 33 (89.2%) participants being female. The mean age of all
participants was 22.5 +1.4 years. Most of the participants (89.2%) self-reported that their daily use of digital devices
increased by approximately 7.6 £3.2 hours, and 32 participants (86.5%) indicated that online classrooms were introduced
after the start of the COVID-19 pandemic, using 5.9 +1.8 hours/day. Among the participants, a 94.6% increase in
spending more time at home, up to about 13.2 +7.5 hours per day, was also reported. Moreover, increased spending of
time on social media was reported by 78.4% of the participants (Table 1).

The ocular characteristics (n = 74 eyes) at baseline and follow-up are shown in Table 2. Briefly, the mean UCDVA
was 0.62 £ 0.39, and the mean SE was —1.90 £1.03 D, while the follow-up means of UCDVA and SE were 1.60 £+ 0.50
and —2.49 £+ 1.30 D, respectively. There was a statistically significant difference between SE before COVID-19 and after

Table | General Characteristic of
Participants (N=37)
Variable N (%)
Sex
Male 4 (10.8)
Female 33 (89.2)
Increase use of digital device
Yes 33 (89.2)
No 4 (10.8)
Online learning
Yes 32 (86.5)
No 5 (13.5)
Increase more time at home
Yes 35 (94.6)
No 2 (54)
Increase more time on social
media
Yes 29 (78.4)
No 8 (21.6)
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Table 2 General Ocular Characteristics of the Participants at Baseline and Follow Up

Variable Baseline Follow Up p-value
Maximum | Minimum | Mean SD Maximum | Minimum | Mean SD

UCDVA (LogMAR)

Left eye 1.30 0.02 0.65 0.40 1.60 0.00 0.84 0.50

Right eye 1.30 0.00 0.60 0.38 1.60 0.00 0.82 0.49

Total 1.30 0.00 0.62 0.39 1.60 0.00 0.83 0.50 <0.05
Spherical equivalent, D

Left eye —0.50 —4.25 -1.90 1.04 —-0.50 =5.13 -2.53 1.36

Right eye —-0.50 -3.75 —-1.89 1.03 —0.63 —4.63 —2.44 1.25

Total —-0.50 —4.25 -1.90 1.03 —0.50 =5.13 —2.49 1.30
Accommodative lag 0.50 —-0.25 0.26 0.18 0.75 -0.75 0.11 0.34 <0.05
(BCC), D

Abbreviations: D, diopter; SD., standard deviation; UCDVA, Uncorrected Distance Visual Acuity; BCC, Binocular Cross Cylinder.

approximately 2 years of the pandemic (p-value < 0.05). Additionally, there was a statistically significant difference in
the mean binocular cross cylinder (BCC) before COVID-19 and after approximately 2 years of the pandemic (p-value <
0.05). The mean duration between baseline and follow-up was 773 £ 103. The mean two-year myopic progress was
—0.59 £0.67 D (ranged: 0.00 to —3.38 D). Among the 74 eyes, only 21 eyes (28.4%) progressed annually by more than
—0.75 D, and 15 eyes (20.3%) showed no myopia progression.

Discussion

To the best of our knowledge, this is the first report regarding adult myopic progression during the COVID-19 pandemic.
This study reported on lifestyle changes, especially the increase in digital screen time and more time spent on indoor
activities and social networking. The mean two-year myopic progression was approximately —0.6 D.

Historically, research on COVID-19-related myopia has been concentrated on myopic shift or myopia control in
youths.'®!7242% A meta-analysis revealed that the COVID-19 situation, as well as associated public health policies like
lockdowns and online education, may have appreciably accelerated myopic progression in children and adolescents when
balanced against normal circumstances.”’ Resulting from exposure to the risk factors for myopic advancement, particu-
larly extended near-work activity, a high AC/A ratio, and a significant accommodative lag, this trend may also appear in
adult myopia with a faster pace.>*' Unfortunately, only four subjects exhibited no myopic shift in both eyes, so the
relationship between these characteristics and myopia development was not investigated in this research.

Although it is difficult to compare adult myopia progression among other studies due to the different durations

between baseline and follow-up, methodology, and population,'>'*+32-34

and the lack of information concerning adult
myopia progression before the outbreak of COVID-19 in our population, the two-year myopia shift —0.6 D indicates
a rapid progression from the past. Among Chinese medical students, the significant myopic progress during a 5-year
period of follow-up was —0.7+0.65 D and —0.54 +0.65 D,'* while for a 2-year follow-up, it was —0.29 £0.37 D and —0.35
+0.31 D in males and females aged 18-21 years, respectively.'? Takeuchi et al indicated that a 5-year SE change in
participants aged 20—29 years who had SE at a baseline of —0.75 to —6.50 D was —0.23 to —0.49 D and —0.19 to —0.39
D in Japanese males and females, respectively.’> McBrien et al reported microscopists aged 21 to 63 years (mean age of
29.7 years) progressed by at least —0.37 D over a 2-year period.*> The prospective single cohort study (Raine Study)
examined participants’ eyes at age 20 years and follow-up at 28 years, which indicated a myopic shift of —0.04
D per year.> In this regard, the main difference from previous studies was the public health measures for COVID-19
that have promoted intensive work on VID and indoor activity. Therefore, this study suggests that COVID-19-related
myopia progression in adults is an ocular health problem that should be considered when public health measures are
introduced to prevent physical contact in the digital technology era.

128 https: Clinical Optometry 2022:14

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Kohmarn et al

Preventive strategies for myopia control are important, and many studies suggest orthokeratology (Ortho-K) contact
lenses are an effective method to mitigate myopia progression in adults.>***” However, orthokeratology contact lenses
may be a more difficult option during the COVID-19 situation. Thus, another way to manage COVID-19-related myopia
progression in adults is to wear bifocal or multifocal eyeglasses. These lenses can reduce eye strain while doing work and
provide the proper distance prescription when looking at distance targets.38

Other limitations also exist in this study. First, the participants were recruited to visit the optometry clinic from
November 2021 to February 2022, during which time the Omicron strain of the pandemic was still ongoing, meaning
people in Thailand avoided face-to-face contact. Importantly, both experimental studies and clinical reports suggest that
COVID-19 can infect the eyes and cause ocular symptoms.*”*® Thus, it is possible to transmit via the ocular route.”' Both
participants and examiners were afraid to get an infection, leading to prospective problems in participant recruitment and
causing a small sample size, as well as a low response rate in this study. Moreover, the participants who accepted our
invitation and visited the optometry clinic likely had vision problems. Thus, the myopic progress reported in this study may
be higher than that of the general population. Subsequently, it was not possible to stratify the participants by sex and SER at
baseline for the well-known risk factors of myopic progression.*® Second, the questionnaire used for this study was not
validated, which might have affected the results. Lastly, recall bias may have occurred due to the data on the daily use of
digital devices, social media use, and spending more time at home being collected by self-reported questionnaires. However,
the self-reporting of online classroom time has a minimized recall effect because onsite education is a major system in
Thailand. Nevertheless, these limitations should be taken into account when interpreting our results.

Future studies should overcome our limitations by utilizing a larger sample size with a wide range of ages in
a community-based setting. Moreover, follow-up at multiple time points should be considered to study the direct effect of
public health measures on adult myopic shift during the COVID-19 pandemic, ie comparison of SER change before
COVID-19 pandemic, during the pandemic, and after the pandemic becomes endemic. In addition, subgroups by using
sex and SER at baseline should be analyzed.

Conclusion
In summary, this preliminary study revealed adult myopic progression and the lifestyle changes that occurred during the
COVID-19 pandemic. Therefore, myopic control in adults may be an important point of concern.
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