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Abstract

Background/Aim: The prevalence of myopia is increasing worldwide especially among adolescents.
Changes in living conditions such as reduced engagement in outdoor activities as well as increased
activities near the workplace like reading, writing, and screen exposure are thought to be responsible for
this increase. Adolescence is a sensitive period of rapid changes in psychological, physiological, and social
aspects. Mental health issues such as anxiety and depression are common during this period. During the
pandemic, mental health issues among children and adolescents increased due to stress caused by the
disease, social isolation, disruption of routines, and the loss of loved ones. With the rapid increase in
myopia among adolescents, there is a need to investigate the effects of myopia on mental health. The aim
of this study is to evaluate anxiety, depression, and hopelessness levels in adolescents with myopia after
the COVID-19 pandemic and to examine the relationship between myopia and anxiety, depression, and
hopelessness.

Methods: This was a case-control study that included 40 myopic adolescents aged 16-19 with a spherical
refractive degree of -2 diopters (D) and above and 40 emmetropic (no refractive error). Participants who
had previously undergone refractive surgery, had binocular visual acuity less than 1.0, had strabismus and
amblyopia, had a diagnosis of glaucoma, had undergone ocular surgery for any reason, had retinopathy, or
had an astigmatic refractive degree greater than +0.50 were excluded from the study. The study did not
include patients with chronic physiological or psychiatric diseases. Both groups were administered the
Automatic Thoughts Questionnaire (ATQ), Coronavirus Anxiety Scale (CAS), Beck Hopelessness Scale
(BHS), and Beck Depression Inventory (BDI). The groups were compared according to the scales. Myopic
degrees were compared with mixed-effect linear models according to scale categories, and the relationship
between ATS scores and myopia degrees was evaluated using the Spearman correlation coefficient.
Results: The mean (SD) spherical refractive power of myopic adolescents was -3.156 (1.40) diopters;
62.5% of participants with myopia had been exposed to COVID-19, and the anxiety rate in myopic
participants compared to controls was 15% (P=0.026). However, no significant difference was found
between the myopia and control groups in terms of automatic thoughts, hopelessness, and depression
inventory scores when comparing the groups. No correlation was found between the CAS (F=1.098), BHS
(F=1.610), BDI (F=1.699), and ATQ (r=0.151) scales and the increase in myopia when we performed
linear mixed model analysis and Spearman correlation analysis. There was no significant relationship
between the degree of myopia and automatic thoughts, hopelessness anxiety, and depression.

Conclusion: The results indicate that adolescents with myopia had higher levels of anxiety after the
COVID-19 pandemic. There was no significant correlation between the degree of myopia and anxiety,
depression, hopelessness, and automatic thoughts. It is important to monitor adolescents with myopia
carefully during pandemics and provide the necessary mental health support. This is because offering
mental health support to myopic young people may protect them from potential lasting emotional
problems in adulthood during potential future pandemics. It may be beneficial for adolescents to increase
their engagement in outdoor activities to reduce myopia and anxiety.
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Introduction

Myopia is a serious vision problem worldwide. The
World Health Organization estimates that by 2050, half of the
global population will be myopic [1]. According to other
estimates, by 2050, 5 billion people will be myopic with over 1
billion having myopia exceeding -5 diopters (D) [2]. Studies
have shown an increasing prevalence of myopia in adolescents,
and this increase is thought to be due to changes in living
conditions such as increased near work activities, reading,
writing, and screen exposure [3,4].

Studies have shown that people with myopia tend to be
more introverted, have fewer friends, prefer indoor activities
over outdoor ones, and are often engaged in intellectual activities
rather than sports [5]. Considering that the frequency of myopia
in adolescents is rapidly increasing, it is crucial to understand its
effects on adolescent mental health [4].

Adolescence is a vulnerable period of rapid
psychological, physiological, and social changes. The most
common mental health problems in adolescents are anxiety and
depression [6]. Angi et al. [7] found that university students with
myopia had higher levels of anxiety and somatization than
controls. Another study showed that anxiety was higher in
adolescent boys with myopia [4].

During the pandemic, children and adolescents
experienced an increase in mental health issues due to factors
such as fear of the disease's pathogenic effect, social isolation,
inability to meet friends, disruption of routines, and the loss of
loved ones [8,9]. Among these mental health problems, anxiety
and depression were the most common [10]. Thus, this study
aims to evaluate the presence of anxiety and depression in
adolescents with myopia who have experienced the COVID-19
pandemic and investigate the relationship between anxiety,
depression, hopelessness, and myopia.

Materials and methods

Study groups and sample size

This study was conducted between September and
October 2023 and included 40 myopic adolescents aged 16-19
with a spherical refractive power of -2 diopters (D) or higher
who applied to the ophthalmology clinic for eye diseases as well
as 40 emmetropic adolescents with no chronic physiological or
psychiatric diseases who visited the general pediatric outpatient
clinic. Refractive measurements were obtained using an
autorefractometer (TonoRef I, Nidek, Japan). After the ocular
and systemic examinations, participants' best-corrected visual
acuity was determined using the Snellen chart. In addition,
intraocular pressure was measured, slit-lamp examination of the
anterior segment and posterior segment was performed, and
color vision was assessed using the Ishihara test. Participants
who had previously undergone refractive surgery, had binocular
visual acuity less than 1.0, had strabismus and amblyopia, had a
diagnosis of glaucoma, had undergone ocular surgery for any
reason, had retinopathy, or had an astigmatic refractive degree
greater than +£0.50 were excluded. The study did not include
patients with chronic physiological or psychiatric diseases in the
emmetropic group. To reduce bias during patient selection,
comprehensive pre-defined criteria were used to identify
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individuals for inclusion in the study. These criteria were set in
accordance with the main aims and hypotheses of the research.
In addition, methods such as random assignment or the creation
of balanced groups were used to minimize potential bias between
groups. Each step in this selection process was carefully planned
and implemented to increase the reliability and internal validity
of the research.

Sample size and power analysis were performed using
G*Power 3.1 software. A minimum of 39 participants in each
group was required to detect a moderate or higher difference in
the studied variables between the groups (Cohen's d=0.65) with
80% power and a 5% Type-I error rate. Ethical approval for the
study was obtained from the Erciyes University Non-
Interventional Clinical Research Ethics Committee (Decision
No: 2023/575). Participants were administered The Automatic
Thoughts Questionnaire (ATQ), the Coronavirus Anxiety Scale
(CAS), the Beck Hopelessness Scale (BHS), and the Beck
Depression Inventory (BDI).

Data Collection Tools

Automatic Thoughts Questionnaire (ATQ): This
scale was developed by Hollon and Kendall and consists of 30
items. The scale is a 5-point Likert type. The lowest score is 30,
and the highest score is 150. Higher scores indicate that the
individual’s automatic thoughts occur frequently [11].

Coronavirus Anxiety Scale (CAS): This was
developed by Lee [12] to identify possible dysfunctional anxiety
cases related to the COVID-19 crisis. It is a one-dimensional
Likert-type scale consisting of five questions and is scored from
0 to 4. The lowest possible score is 0, while the highest is 20. A
score of nine and above indicates a high level of anxiety. Scores
of 9 and above indicate anxiety, while scores below 9 suggest no
anxiety.

Beck Hopelessness Scale (BHS): Developed by Beck,
Weissman, Lester, and Trexler, this scale is used to determine
the level of future-oriented pessimism in adolescents and adults.
The scale assesses three sub-dimensions of the future: Feelings
about the future, loss of motivation, and expectations about the
future. The scale consists of 20 items, and the score ranges from
0 to 20. Questions are answered with "Yes" or "No," and 0 points
are given for negative answers, and one point is given for
positive answers. The score ranges from 0 to 20. A higher score
implies more hopelessness [13]. People who score between 4-8
points have mild hopelessness symptoms, those who score
between 9-14 points have moderate hopelessness symptoms, and
those who score 15 points and above have severe symptoms of
hopelessness [14].

Beck Depression Inventory (BDI): Developed by
Beck, Ward, Mendelson, Mock, and Erbaugh, this inventory is a
multiple-choice self-report inventory used to assess the severity
of depression in adolescents and adults [15]. The BDI contains
21 items with four choices each. A score of 0-9 indicates
minimal depression, 10-18 indicates mild depression, 19-29
indicates moderate depression, and 30-63 indicates severe
depression [16].

Statistical analysis

Data were analyzed using the statistical package
program IBM SPSS Statistics Standard Concurrent User V 29
(IBM Corp., Armonk, New York, USA). Descriptive statistics
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were given as number of units (n), percentage (%), mean
(standard deviation), median and inter-quartile range values. The
normal distribution of the numerical variables was evaluated
with the Shapiro-Wilk normality test. Variance homogeneity of
the groups was analyzed by Levene's test. Two-group
comparisons for numerical variables were performed by an
independent sample t-test if the data were normally distributed
and by the Mann-Whitney U test if the data were not normally
distributed. Chi-square analyses (Pearson chi-square, Yates chi-
square, Fisher exact test) were used to compare the groups with
categorical variables. Myopia degrees were compared with
mixed-effect linear models based on scale categories, and the
relationship between ATS scores and myopia degrees was
evaluated using the Spearman correlation coefficient. A P-value
<0.05 was considered statistically significant.

Results

The study comprised of 40 adolescents with myopia and
40 healthy controls aged between 16 and 19 years. All myopic
participants had a visual acuity of 1.0, normal intraocular
pressure, and normal anterior and posterior segment findings.
Their mean (SD) spherical refractive error was -3.156 (1.40)
diopters (Table 1). The myopic group consisted of 47.5% of
males and 52.5% of females; 62.5% of whom had been
diagnosed with COVID-19. Between those with and without
myopia, there was a significant difference in the CAS (P=0.048).
When compared with the control group according to the cut-off
point of the scale, 15% of those with myopia were anxious and
the difference was significant (P=0.026). No differences were
found between the groups on the ATQ, BHS, and BDI (Table 2).
Table 1: Mean spherical equivalent of the right and left eyes in the myopia group

Degree of myopia = Degree of myopia = Mean Spherical

in right eye in left eye Equivalent
Mean diopters | -3.1437 -3.1687 -3.1562
Standard deviation | 1.42200 1.48323 1.40162
Minimum | -2 -1.25 -1.75
Maximum | -7.75 -7.25 7.5

Table 2: Comparison of groups according to demographic data and scales

Groups Test Statistics

Myopic Control Test results ~ P-value
Sex n (%) n (%)
Boy 19 (47.5) 20 (50.0) 0.001 1.000
Girl 21 (52.5) 20 (50.0)
Age year, mean (SD) 17.6 (1.1) 17.2(1.1) 1.782 0.079¢
COVID-19 infection history | n (%) n (%)
No 15 (37.5) 20 (50.0) 0.813 0.367¢
Yes 25 (62.5) 20 (50.0)
ATQ 60.50 (37.75) = 55.50 (34.50) = 0.977 0.329%
CAS 0.50 (1.00) 0.00 (0.00) 1.974 0.048%
BHS 5.50 (8.75) 4.00 (6.50) 0.126 0.900%
BDI 13.00 (21.25) = 13.50 (14.00) = 0.520 0.603%
CAS n (%) n (%)
Absence of anxiety 34 (85.0) 40 (100.0) 6.486 0.026*
Presence of anxiety 6 (15.0) 0 (0.0)
BHS n (%) n (%)
Minimal 15 (37.5) 16 (40.0)
Mild 12 (30.0) 14 (35.0) 1.457 0.742¢
Moderate 8 (20.0) 8 (20.0)
Severe 5 (12.5) 2 (5.0)
BDI n (%) n (%)
Absence of depression 21 (52.5) 24 (60.0) 0.203 0.652%
Presence of depression 19 (47.5) 16 (40.0)

SD: standard deviation, n: number of patients, %: Column percentage, numerical data presented as mean
(SD) or median (interquartile range) values, *: Independent samples t-test, & Mann-Whitney U test, ATQ:
Automatic Thoughts Questionnaire CAS: Coronavirus Anxiety Scale, BHS: Beck Hopelessness Scale, BDI:
Beck Depression Inventory

No correlation found between the CAS (F=1.098), BHS
(F=1.610), BDI (F=1.699), and ATQ (r=0.151) scales and the
increase in myopia when we performed linear mixed model
analysis and Spearman correlation analysis. There was no
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significant relationship between the degree of myopia and scores
on automatic thoughts anxiety, depression, and hopelessness
(Table 3).

Table 3: Correlation between scales based on the severity of myopia

Degree of myopia | Test results = P-value
Mean (SD)
CAS
Absence of anxiety -3.059 (0.240) F=1.098 0.301
Presence of anxiety -3.708 (0.571)
BHS
Minimal -3.675 (0.354)
Mild -2.760 (0.395) F=1.610 0.204
Moderate -3.266 (0.484)
Severe -2.375 (0.613)
BDI
Absence of depression | -3.429 (0.303) F=1.699 0.200
Presence of depression | -2.855 (0.316)
ATQ r=0.151 0.183

SD: standard deviation, F: Linear mixed model analysis, r: Spearman correlation coefficient, CAS:
Coronavirus Anxiety Scale, BHS: Beck Hopelessness Scale, BDI: Beck Depression Inventory, ATQ:
Automatic Thoughts Questionnaire

Discussion

Adolescence denotes the transition from childhood to
adulthood. Amidst the pandemic, adolescents, who are among
vulnerable groups, faced numerous mental health problems
because of several factors such as stressful life events,
quarantines, the loss of family members due to illness, and the
subsequent mourning process. Furthermore, excessive use of the
Internet and social media was common since they couldn't
socialize with their peers [17]. As per recent studies, anxiety and
depression emerged as the most prevalent mental health issues
among adolescents who contracted COVID-19 [10]. Anxiety and
depression are prevalent mental health conditions in young
individuals which can persist into adulthood as anxiety disorders
[6]. The closure of schools, shift to online education, prolonged
near-work, and reduced engagement in outdoor activities due to
the COVID-19 pandemic have been associated with an elevated
incidence of myopia [18,19]. One study [20] found a higher
incidence of separation and castration anxiety in myopia patients,
while anxiety and somatization disorder were more prevalent in
university students with myopia versus those without vision
problems in another [7].

Consistent with prior research, patients diagnosed with
myopia exhibited higher levels of coronavirus-related anxiety,
although there was no observable escalation in anxiety with a
greater degree of myopia. A previous investigation indicated that
increased myopia amongst young people corresponded to
heightened anxiety levels [21]. Nonetheless, other studies have
so far been unable to corroborate these findings, which is
consistent with the outcomes of our study. Adolescents with
myopia who wear glasses may experience peer bullying at
school, thus leading to a victim mentality [22]. Furthermore,
Horwood et al. [23] suggest that a victim mentality beginning in
early life may result in psychosocial maladjustment, increased
anxiety, depression, and loneliness; lower self-esteem and
behavioral problems may also be observed. A study conducted
by Rosanes and colleagues [24] demonstrated a rise in non-
specific anxiety disorders amongst myopic and hypermetropic
patients who are required to wear glasses relative to healthy
volunteers. Furthermore, people with myopia—particularly those
with high myopia—exhibit lower quality of life which serves as
another contributing factor to anxiety [21,25].
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Limitations

Self-assessment questionnaires were used here to
evaluate anxiety levels among adolescents. However, relying
solely on scale scores to determine the presence of anxiety can
lead to misconceptions. To obtain more accurate results in future
studies, it may be beneficial to supplement self-assessment
questionnaires with a complete psychiatric evaluation

Conclusion

We found that myopic adolescents had higher levels of
coronavirus anxiety, as expected, but no differences were found
between the groups in terms of automatic thoughts, hopelessness,
and depression. As part of the pandemic measures, adolescents in
particular were not allowed to leave their homes. Thus, near
vision became mandatory for adolescents who had to socialize at
home and communicate with computers via the Internet for their
education. It should not be forgotten that myopia, and therefore
anxiety, may increase if people are unable to leave their homes
during pandemic periods. Therefore, during possible future
pandemics, it may be beneficial for this age group to have the
opportunity to go out and also to limit the time they spend on the
computer. Mental health support for myopic adolescents may
protect them from emotional problems that may persist into
adulthood.

Acknowledgements

We thank Ferhan Elmal: for the statistical analysis used
in this study.

References

[N

. Sankaridurg P, Tahhan N, Kandel H, Naduvilath T, Zou H, Frick KD, et al. IMI Impact of Myopia.
Invest Ophthalmol Vis Sci. 2021;62:2-2.

. Holden BA, Fricke TR, Wilson DA, Jong M, Naidoo KS, Sankaridurg P, et al. Global Prevalence of
Myopia and High Myopia and Temporal Trends from 2000 through 2050. Ophthalmology.
2016;123:1036-42.

. Lv L, Zhang Z. Pattern of myopia progression in Chinese medical students: a two-year follow-up
study. Graefes Arch Clin Exp Ophthalmol. 2013;251:163-8.

. Lazarczyk JB, Urban B, Konarzewska B, Szulc A, Bakunowicz-Lazarczyk A, Zmudzka E, et al. The
differences in level of trait anxiety among girls and boys aged 13-17 years with myopia and
emmetropia. BMC Ophthalmol. 2016;16:1-7.

N

w

I

5. Lanyon RI, Giddings JW. Psychological approaches to myopia: a review. Am J Optom Physiol Opt.
1974;51:271-81.
6. Stapinski LA, Bowes L, Wolke D, Pearson RM, Mahedy L, Button KS, et al. Peer victimization during

adolescence and risk for anxiety disorders in adulthood: a prospective cohort study. Depress Anxiety.
2014;31:574-82.

. Angi M, Rupolo G, De Bertolini C, Bisantis C. Personality, psychophysical stress and myopia
progression. A prospective study on 57 university students. Graefes Arch Clin Exp Ophthalmol.
1993;231:136-40.

. Branje S, Morris AS. The Impact of the COVID-19 Pandemic on Adolescent Emotional, Social, and
Academic Adjustment. J Res Adolesc. 2021;31:486-99.

. Ravens-Sieberer U, Kaman A, Otto C, Adedeji A, Napp AK, Becker M, et al. [Mental health and
psychological burden of children and adolescents during the first wave of the COVID-19 pandemic-
results of the COPSY study]. Bundesgesundheitsblatt Gesundheitsforschung Gesundheitsschutz.
2021;64:1512-21.

10.Pasha H, Omidvar S, Faramarzi M, Bakhtiari A. Depression, anxiety, stress, and PTSD symptoms
during the first and second COVID-19 waves: a comparison of elderly, middle-aged, and young
people in Iran. BMC Psychiatry. 2023;23.

11.Hollon SD, Kendall PC. Cognitive self-statements in depression: Development of an automatic
thoughts questionnaire. Cognit Ther Res. 1980;4:383-95.

12.Lee SA, Mathis AA, Jobe MC, Pappalardo EA. Clinically significant fear and anxiety of COVID-19:
A psychometric examination of the Coronavirus Anxiety Scale. Psychiatry Res. 2020;290.
https://doi.org/10.1016/J.PSYCHRES.2020.113112.

13.Beck AT, Weissman A, Lester D, Trexler L. The measurement of pessimism: the hopelessness scale. J
Consult Clin Psychol. 1974;42:861-5.

14.Seber G, Dilbaz N, Kaptanoglu C, Tekin D. The scale of desperation: Validity and reliability. Crisis
Journal. 1993;1:139-42.

15.Beck AT, Ward CH, Mendelson M, Mock J, Erbaugh J. An inventory for measuring depression. Arch
Gen Psychiatry. 1961;4:561-71.

16.Hisli N. A reliability and validity study of Beck Depression Inventory in a university student sample. J

Psychol. 1989;7:3-13.

17.Guessoum SB, Lachal J, Radjack R, Carretier E, Minassian S, Benoit L, et al. Adolescent psychiatric
disorders during the COVID-19 pandemic and lockdown. Psychiatry Res. 2020;291:113264.

18.Chang P, Zhang B, Lin L, Chen R, Chen S, Zhao Y, et al. Comparison of Myopic Progression before,
during, and after COVID-19 Lockdown. Ophthalmology. 2021;128:1655-7.

19.Liu J, Li B, Chen Q, Dang J. Student Health Implications of School Closures during the COVID-19

Pandemic: New Evidence on the Association of e-Learning, Outdoor Exercise, and Myopia.
Healthcare (Basel). 2021;9(5):500.

20.Seitler BN. Separation-individuation issues and castration anxiety: their curious influence on the

epigenesis of myopia. Am J Psychoanal. 2009;69:221-37.

~

©

©

Anxiety levels in adolescents with myopiaA

JOSAM ¢

21.Zhang H, Gao H, Zhu Y, Zhu Y, Dang W, Wei R, et al. Relationship Between Myopia and Other Risk
Factors With Anxiety and Depression Among Chinese University Freshmen During the COVID-19
Pandemic. Front Public Health. 2021;9:774237.

22.Juvonen J, Graham S, Schuster MA. Bullying among young adolescents: the strong, the weak, and the
troubled. Pediatrics. 2003;112:1231-7.

23.Horwood J, Waylen A, Herrick D, Williams C, Wolke D. Common visual defects and peer
victimization in children. Invest Ophthalmol Vis Sci. 2005;46:1177-81.

24.Rosanes MB. Psychological correlates to myopia compared to hyperopia and emmetropia. J Proj Tech
Pers Assess. 1967;31:31-5.

25.Rose K, Harper R, Tromans C, Waterman C, Goldberg D, Haggerty C, et al. Quality of life in myopia.
Br J Ophthalmol. 2000;84:1031-4.

&

L 2

v
Page | 739



