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Abstract

Background: The increase in the prevalence of myopia has become a matter of serious public health concern, and
few studies to date have examined the ocular biometric parameters of myopia in young Chinese adults. This study
aimed to investigate the longitudinal ocular biometric and refractive development of first-year university students and
the influence of near work.

Methods: This study included 526 first-year university students from Tianjin Medical University (mean age,

18.34 years; 313 females and 213 males). From 2016 to 2018, participants underwent ocular biometry measurements
and subjective refraction annually. Near-work activities such as the use of electronic devices, online games, reading,
and writing as well as demographic data were recorded by questionnaires.

Results: The prevalence of myopia in this population from 2016 to 2018 was 92.40%, 92.59%, and 92.97%, respec-
tively. Importantly, the prevalence of high myopia increased significantly from 20.91% to 28.33% (P <.001). The spheri-
cal equivalent refraction was significantly more myopic by approximately — 0.38 D (from —4.18 244 to —4.56 +2.57
D; P<.001) during the period. The axial length, central corneal thickness, and lens thickness became significantly dif-
ferent (all P<.05), and the axial length significantly increased by 0.12 mm during 2 years (P<.001). Using binary logistic
regression analysis, the data indicated that spending more time on online games (odds ratio, 2.09; 95% confidence
interval, 1.33-3.29) could speed up the progression of myopia (P<.05).

Conclusions: This study showed that the prevalence of high myopia continued to increase in undergraduate
students over 2 years. Baseline myopia correlated with myopic shift, the time spent on online games, and parental
myopia were significantly associated with an increase in myopia in these young adult populations.
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Background
Myopia has become a public healthcare problem that has
attracted worldwide attention, particularly in East Asia
[1]. It has been predicted that approximately half of the
world’s population will have myopia by 2050, according
to the present escalating trend [2]. In the latest Anyang
University Students Eye Study, the prevalence of myopia
reached 83.2% and that of high myopia reached 11.1%
[3]. As myopia develops, the axial length (AL) becomes
excessively long, which increases the risk of sight-threat-
ening eye diseases such as cataracts, glaucoma, reti-
nal detachment, and myopic macular degeneration [4].
Therefore, to prevent vision loss due to myopia, it is criti-
cal to control the occurrence or progression of myopia,
particularly to minimize the high myopia population [5].
Although much effort has been devoted to studying the
onset time of myopia in children and adolescents [6-8],
limited longitudinal studies have been conducted on the
prevalence of myopia among university students in China
[9]. Although university students are mostly older than
18 years, changes in refractive error have been observed
in previous studies [9-11]. University students are con-
sidered at risk of myopia progression due to study-
ing. The purpose of the present study was to investigate
changes in ocular biological parameters and refraction in
terms of the influence of near—work activity.

Methods

Participants and examinations

A total of 648 students were selected using stratified clus-
ter sampling, and 526 students (mean age, 18.34 years;
female, 313; male, 213) completed the examinations
and questionnaire survey from 2016 to 2018. The exclu-
sion criteria were congenital cataract, corneal stromal
scar, recent wearing of corneal plastic lens, nystagmus,
and previous history of ocular surgeries. All measure-
ments were performed using an autorefractor (KR8900;
Topcon, Tokyo, Japan), a phoropter (VT-10; Topcon),
slit-lamp microscopy (YZ5X1; 66 Vision Tech Co., Ltd.,
Jiangsu Province, China), optical biometry (LS900; LEN-
STAR, Haag—Streit, Switzerland), and optical coherence
tomography (DRI OCT Triton; Topcon). In the third
year, a questionnaire was administered that included
sex, age, and near activities, such as online games, elec-
tronic devices (excluding games), and near reading—writ-
ing (excluding online courses and electronic devices). In
addition, the visual fatigue score questionnaire [12] has

also been used to investigate the effect of myopia in the
past 2 years. The age, refractive error, and ocular biomet-
ric parameters of the missing follow-up population were
not significantly different from those of the follow-up
population.

Definitions
Spherical equivalent refraction (SER) is defined as the
sphere power + 1/2 cylinder power. According to the pub-
lished standard [13] and combined with the baseline SER
results, the participants were classified into four groups:
group 1, non-myopia group, with SER> -0.5 D; group 2,
mild myopia group, with — 3.0 D <SER < —0.50 D; group
3, moderate myopia group, with—6.0<SER< —3.0 D;
group 4, high myopia group, with SER< —6.0 D).

The crystalline lens power (P;) was calculated using
Bennett’s formula [14]:

B —1000n(Scy + K)
~1000n — (ACD + ¢;T)(Scv + K)

1000n

P
t —cT+V

where T is the lens thickness (LT), V is the vitre-
ous depth, n=4/3 of the aqueous and vitreous indi-
ces, ¢;=0.596, and c¢,= —0.358 as estimated using the
Gullstrand-Emsley eye model. The SER was defined as
Scv=SE/(1—0.014 x SE).

Statistical analysis

Statistical analysis was conducted using the Statistical
Program for Social Sciences version 26.0 (IBM Corp.,
Armonk, NY, USA). The correlation of the SE refractive
errors between the right and left eyes was 0.87 (P<0.001,
Pearson correlation test). Therefore, only the refractive
error data of the right eye are reported in the following
analysis. Differences between sexes were analyzed using
an independent sample t-test or chi-square test. The ocu-
lar biological parameters of different refractive groups
were compared using one-way analysis of variance and
the least significant difference t-test. Repeated-measures
analysis of variance was used to observe longitudinal var-
iation characteristics during the three measurements. A
binary logistic regression analysis was conducted to test
the risk factors associated with AL elongation during the
study period. Differences were considered statistically
significant at P<0.05.
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Results

Change of refraction

In the follow-up population included in the study, the
prevalence of myopia in the first year was 92.40% (486),
whereas the prevalence of high myopia was 20.91% (110).
The prevalence rates of hyperopia and emmetropia were
1.33% (7) and 6.27% (33) respectively. After 2 years, the
prevalence of myopia was similar to that in the baseline
data (92.40% vs. 92.59% vs.92.97%). However, the preva-
lence of high myopia increased significantly from 20.91%
to 28.33%.

The SER was substantially reduced by—0.38 D
(from —4.18+2.44 D to—4.56+257 D; F=41.956;
P<0.001), and there was no statistical difference in the
change of diopter of cylinder (F=0.058; P>0.05). There
were no significant differences in the change in SER
between the male (—0.32+£0.66 D) and female students
(—0.4240.66 D) (P>0.05). The change in SER in groups
1, 2, 3, and 4 was—0.28+£0.49,—0.36+0.75,—0.42+0
.51, and —0.37+0.86 D, respectively. There was no sig-
nificant difference in the change in SER among the four
groups (F=0.703; P> 0.05).

Changes in ocular biometric parameters

The characteristics and changes in ocular biological
parameters of different sexes are shown in Table 1. Except
for the change in anterior chamber depth (/AACD) and
change in corneal radius (/AACR), the 2-year changes in
other parameters were significant (P<0.001). The AL
significantly increased by 0.1240.18 mm within 2 years
(P<0.001); the central corneal thickness (CCT) slightly
decreased by 2.06 um (P<0.01); the ACD and lens power
did not change significantly in 2 years (P>0.05); the LT
was significantly thickened approximately 0.04 mm
(P<0.01). Comparison of the groups with different types
of refractive errors showed no statistical difference in the
changes in CCT, ACD, LT, and CR in the different myopia
groups (all P>0.05). However, the change in AL (AAL)
was greater in the moderate and the high myopia groups
(groups 3 and 4) than in the non-myopia and mild myo-
pia groups (groups 1 and 2) (0.07 £0.27 vs. 0.09£0.19 vs.
0.14+£0.16 vs. 0.14 £ 0.15 mm; P <0.05; Table 2). Only the
change in AL was statistically different between the two
sexes. Within 2 years, the /AL was 0.144+0.18 mm in
females and 0.09£0.17 mm in males. There were no sig-
nificant differences between the groups (P> 0.05).

Correlation between ocular biometric parameters

and refraction

A simple linear regression analysis of /AAL was per-
formed, and the change in SER (AASER) was obtained
as ASER=-2.079 x AAL-0.12 (R2=0.252; P<0.001),
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Table 1 Characteristics and changes of ocular parameters in
different genders

All M F P-value

Baseline
SER -418+£244 -4.09+2.60 -423+£233 >0.05
AL 25174121 2545+£1.21 2498+£1.17 <0.001
CcCcT 53834+3270 54357+£3270 5347843227 <001
ACD 3.18+0.23 320+024 3.16+0.23 >0.05
LT 3464021 34640.25 34640.18 >0.05
CR 7.80+0.25 7.86+£0.24 7.76£0.25 <0.001
Lens 22744166 2219+£154 2312+1.64 <0.001

power

After 2 years
SER -456+258 -442+£284 -465+2.38 >0.05
AL 25294123 25544125 25.12+£1.20 <0.001
CCT 53627 4+3447 5412943515 532.86433.62 <0.01
ACD 3.18+025 3224025 3.16+0.23 <0.01
LT 350+0.27 34940.27 35141027 >0.05
CR 7.80£0.25 7.86+0.24 7.75+£0.24 <0.001
Lens 22.76+1.60 22274151 23.12+1.58 <0.001

power

Difference
/\SER  -038+£0.66** -032£066%  -042+£066% >0.05
AAL 0.12+£0.18** 009+£0.17**  0.14+£0.18** <001
ACCT  -206£1511* 22841535 -1914+1497% >0.05
AACD 001£0.10 0.0140.11 0.004+0.09 >0.05
ALT 0.04 £0.23** 002+025 0.06 £0.22%* >0.05
A\CR 0.01+0.08 0.00+£0.06 0.00£0.09 >0.05
Alens 0044092 011+£084 0.01+£098 >0.05

power

The difference /\ value represents in change of parameters within two years, *P
value means that the test level has a statistical difference at 0.05, and **P value
means that the test level has a statistical difference at 0.01

and a scatter plot is shown in Fig. 1. SER was negatively
correlated with AL, SER, and ACD (all P<0.001). AL
presented a significantly positive correlation with ACD
and CR and a negative correlation with LT (all P<0.001;
Table 3). In addition to CCT, other ocular parameters
showed a significant correlation with SER (AL, = - 2.23;
ACD, 8=1.27; LT, B=- 1.84; CR, f=5.52).

Risk factors related to refraction changes

In the binary logistic regression analysis, being female
(odds ratio [OR], 2.00; 95% confidence interval [CI],
1.02-3.95), playing online games (OR, 2.09; 95% ClI,
1.33-3.29), having one parent with myopia (OR, 1.997;
95% CI, 1.264-3.094), and having one parent with high
myopia (OR, 2.183; 95% CI, 1.379-3.441) were significant
risk factors for AL elongation. Age, visual fatigue, near
reading—writing time (excluding electronic devices), and
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Table 2 Changes of ocular parameters in different groups

non-myopia mild myopia moderate myopia high p value

myopia

AAL 0.07+£0.27 0.09+£0.19 0.14+0.16 0.14+0.15 <0.05
ACCT -0.90+17.09 -1.08+9.13 -221+£17.63 -3.33+£14.02 >0.05
/A\ACD 0.04+0.13 0.02£0.11 0.00£0.09 -0.01+0.08 <0.01
ALT 0.05+£0.28 0.06£0.27 0.03+£0.18 0.04+0.28 >0.05
/A\CR 0.00+£0.08 -0.01£0.06 0.00£0.05 001£0.14 >0.05

The /\ value represents the difference in change of parameters within two years

2=
1-
0_
=
a7
-2- [ ] ..
°
-3 - .
-4 T T 1
-0.5 0.0 0.5 1.0
AAL
Fig. 1 Correlation between AAL and /AASER. The A\ value
represents the difference in change of parameters within two years.
AL =axial length, SER = spherical equivalent refraction

Table 3 Correlation among ocular biometric parameters

AL cCcT ACD LT CR
SER -0.778** +0.102**  -0.326** +0.138** +0.132%
AL +0.020 +0453*  -0.281** +0.393%*
ccT -0.108** +0.051 +0.169**
ACD -0.369%* -0.040
LT +0.018

" P value means that the test level has a statistical difference at 0.01

initial AL were not associated with changes in the AL
(Table 4).

Discussion

Refraction and prevalence of myopia

To our knowledge, only one longitudinal study [9] has
investigated the refraction and ocular biometric param-
eters of university students in China. In our study, we
found that both the severity of myopia and the preva-
lence of high myopia were significantly increased. Similar

observations have been reported in previous studies.
During the 5-year follow-up of 345 medical students
in Taiwan in 1999, the prevalence of myopia increased
from 92.8% to 95.8% [9]. A study of 156 Caucasian medi-
cal students in Copenhagen also showed that the preva-
lence of myopia significantly increased from 37 to 43%
over 2 years [15]. In our current population, the overall
prevalence of myopia did not change significantly within
2 years (92.40% vs. 92.97%), but the severity of myopia
was significantly changed in 2 years: both mild myopia
(24.91% vs. 20.34%) and moderate myopia (46.58% vs.
44.30%) decreased, and there was a significant increase
in the prevalence of high myopia (20.91% vs. 28.33%).
Apparently, mild and moderate myopia may have gradu-
ally turned into high myopia in 2 years, which led to an
increase in the prevalence of high myopia. Previous stud-
ies have researched the average prevalence for all popula-
tions with myopia but rarely compared the longitudinal
changes in these groups of myopia prevalence separately.
The present results of stratifying myopia groups into dif-
ferent severities revealed the gradual migration of mild
and moderate myopia into the high myopia group. Con-
trol of myopia progression is an important issue, even
at this late stage. Prevention of nearly 8% of high myo-
pia cases has a significant public health benefit. This
measure should be applied to all medical students and
perhaps other university students with myopia. There-
fore, to control the high myopia population in university
students and prevent subsequent myopia-related vision
loss, it is important to slow the escalation of mild/mod-
erate myopia into high myopia. Meanwhile, the cylindri-
cal diopter did not change significantly, which indicated
that the astigmatism value was relatively stable in the
group of university students and that the changes in myo-
pia or hyperopia were the main reasons for its refractive
development.

In this study, the refractive changes during univer-
sity were similar in the different refractive groups. This
showed that refraction was not stable and continued
to change, even in late adolescence and early adult-
hood. This observation may have significant clinical
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Table 4 Risk factors for myopic axial eye growth (/A\AL)

Factor B coefficient OR(95%Cl) P value
Gender 0.69440.347 2.00(1.02-3.95) <0.05
Age -0.18040.150 0.84(0.62-1.12) >0.05
AL (baseline) 0.2604+0.134 1.30(0.99-1.69) >0.05
Electronic devices (excluding gaming) -0.2564+0.187 0.77(0.54-1.11) >0.05
Online games 0.73940.231 2.09(1.33-3.29) <0.001
Near reading-writing (excluding electronic devices) 0.201+0322 1.22(0.65-2.30) >0.05
Parental myopia 0.682+0.228 1.98(1.26-3.09) <0.01
Parents with high myopia 0.77940.192 2.18(1.38-3.44) <0.01
Visual fatigue score -0.0114£0.021 0.99(0.95-1.03) >0.05

implications for the suitability of refractive laser surgery
in this population.

Ocular biometric parameters

In this study, AL showed a significant increase, espe-
cially in female participants. This result was consistent
with that of an observational study of medical students
in Copenhagen [15]. We speculated that this difference in
AL growth may be due to sex difference in stages and rate
of growth, and females tend to spend more time study-
ing and less time on outdoor activities. Table 1 describes
the change characteristics of ocular biological param-
eters in different sexes. Previous researches showed that
the rate of myopic shift in refraction increases as myo-
pia develops, but it usually increased before children
aged <17 years, and the major determinant of the rate
of progression was age, with little dependence on the
level of myopia [16—19]. The present study found that the
myopic participants showed a significantly faster change
in /AAAL towards myopia than emmetropic participants
at baseline. This finding was in accordance with other
myopia studies for adults [9, 20, 21]. Further, the present
study indicated that participants with moderate myopia
and high myopia underwent the fastest change in AL, fol-
lowed by those with mild myopia and with non-myopia.
According to our results of relevant risk factors in the
questionnaire, we concluded that there may be two possi-
bilities why does there appear to be a dependence on the
level at this late developmental stage. Those that reach to
highest levels of myopia may have done so because they
have adopted extremely myogenic patterns of behavior,
or because they have high genetic risk scores, which may
also lead to longer progression at a higher rate.

In this study, there was no significant change in ACD.
However, the LT increased significantly by 0.04 mm,
and the lens power had no significant change. A simi-
lar observation was reported in a cohort study of Por-
tuguese and Norwegian university students [10, 11]. In

its 3-year follow-up observation, the LT increased by
approximately 0.06 mm in the Portuguese study [11]
and 0.07 mm in the Norwegian study [10]. The changes
in ACD and LT in the present study were different from
previous observations in adolescents. In adolescents,
deepening of the ACD and thinning of the LT were
observed, which act to compensate for AL elongation.
However, no such compensatory changes were observed
in the university student population. The stability of ACD
and thickening of the LT may have maintained a stable
lens power. However, this change was different from the
eye development in adolescence and cannot compensate
for the change in refraction caused by an increase in AL.
We used Bennett’s formula to calculate the lens power in
our study, and the results showed the lens power in ado-
lescents with mean age of 18.34 years comes to a plateau
(with a decrease of only 0.04 D). This reduction rate was
similar to that in adults aged 20 to 50 years who exhibited
a monotonous decrease in lens power of approximately
0.37 to 0.12 D every 5 years [22]. We continue to conduct
follow-up studies, and we hope to obtain a group of stu-
dents for the entire period in the future.

Relevant risk factors in the questionnaire

The search for risk factors for myopia development in
adolescents has been intense. The results of previous
studies investigating the association between myopia
progression and near work are conflicting. Many stud-
ies have suggested that near work is an independent
risk factor for myopia [23, 24]. A Singapore study [23]
showed that children who spent more than 20.5 h read-
ing and writing at a close distance every week were more
likely to develop myopia (OR, 1.12). The Sydney myo-
pia study [24] analyzed the near activities of 12-year-old
Australian children. The data showed that when read-
ing continuously for more than 30 min, the likelihood of
developing myopia was 1.5 times higher than that of con-
trols. A similar result was also reported in a Dutch cohort
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study [25] on the risk factors of myopia in children aged
6-9 years, but it showed that the total time spent reading
per week was not significantly correlated with the occur-
rence of myopia. Both the medical student cohort study
in Copenhagen [15] and the engineering student cohort
study in Norway [26] showed that the time spent read-
ing scientific literature was significantly related to the
development of myopia. In the present study, the regres-
sion analysis results showed that the total daily near read-
ing—writing hours did not correlate with myopic shift
(amount of AL growth). This result was similar to that of
previous myopia studies on adolescents [25-27], but dif-
ferent from those reported in Beijing students [28, 29].
Because of the different age ranges of the study popula-
tions, the total time spent near work had a different effect
on myopia in adults than in children.

The use of electronic devices has always been a topic
of concern in myopia control. In a Dutch survey, the
occurrence of myopia was found to have a significant
correlation with the time spent watching television, but
not when using the computer [25]. However, in a sur-
vey of university students in Norway, the time spent on
video display terminals and watching television had no
significant effect on refractive changes [26]. In our study,
we found that using daily electronic devices (exclud-
ing games) had no significant correlation with myopia
progression, whereas playing online games had a strong
and significant correlation with myopia progression. In
particular, the longer the time spent on online games,
the greater was the AL elongation (OR, 2.094). Play-
ing online games is frequently a continuous activity that
may impose heavy vision stress [24]. In addition, read-
ing—writing is performed with relatively stable light levels
and large words compared with computer use, which is
related to flashing images; thus, they may have different
effects on the eyes. The popular use of electronic screen
devices is unlikely to be the culprit of our myopia epi-
demic in East Asia because the prevalence began much
earlier (in the 1980s) than the advent of smartphones and
electronic devices [30]. However, the heavy use of these
electronic devices would likely increase indoor time, thus
further reducing outdoor activities [31].

Among all demographic data collected in this study,
only sex and parental myopia were found to correlate
with AL changes. In particular, females appear to have
a greater risk of developing myopia, as found in several
previous studies [3, 32-34]. It is plausible that females
tend to spend more time studying, reading, and practic-
ing near work and less time on outdoor activities [26, 35,
36]. In addition, there may be fundamental differences in
both the stages and rates of growth between sexes. Simi-
lar to a previous Turkish study on medical students [37],
parental myopia or high myopia in one of the parents was
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associated with increased AL. Indeed, parental myopia
is an independent risk factor for myopia in young adult
populations (OR, 3.69) [37] as it is in adolescents [25].
Intuitively, parental myopia could have genetic and life-
style roles in influencing the development of myopia in
offspring.

This study has some limitations. Only non-cycloplegic
refraction data were obtained from university students,
and it has the risk of overestimating the prevalence and
magnitude of myopia [17]. For greater precision, we sug-
gest that future studies of refractive changes in young
adults use the gold standard method of cycloplegic
refraction. We did not collect information on the time
spent outdoors. A longer time spent outdoors is an effec-
tive means of preventing myopia [38—40]. We recom-
mend further research into the effect of outdoor exercise
time on myopia in university students. This study was
conducted for only 2 years, and it would have been better
if we had conducted it for 4 years. In the future, we will
continue to follow-up and start a study on cycloplegia.

Conclusions

The prevalence of high myopia has increased in Chinese
university students over the past 2 years. This increase in
prevalence is associated with time spent playing online
games and parental myopia. The current study highlights
the fact that the refraction of our young adult popula-
tion is not stable but progresses significantly toward high
myopia. Control of myopia progression is an important
issue, even at this late stage. Therefore, university stu-
dents are equally in need of myopia control as our adoles-
cent population.
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