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Abstract
● AIM: To investigate the progression of myopia and risk 
factors among university students in central China.
● METHODS: A total of 7359 first-year undergraduate 
students at Huazhong University of Science and Technology 
in central China were recruited to the study and invited to a 
centralized clinic for medical examination, including optometry, 
and re-examined after one year. Correlation analyses were 
performed to assess the associations between one-year 
myopia progression and various parameters.
● RESULTS: The spherical equivalent refraction for the 
overall population was -3.14±2.28 D at baseline. The 
rate of myopia progression over 0.50 D after one year 
was 41.9%, and the 1-year progression of myopia was 
-0.47±0.58 D. There was no difference of mean 1-year 
myopia progression between male and female or difference 
among age group. The myopia progression of original 
myopia was severer than progression of new-onset myopia. 
There was also difference of mean myopia progression 
among different degrees of myopia at baseline. The 
under corrected eyes had a higher percentage of myopia 
progression than well corrected eyes (χ2=7.90, P<0.01). 
There was no correlation between myopia progression and 
height, weight, body mass index, hemoglobin (Spearman 
correlation, ρ=-0.078, -0.152, -0.170, -0.096, respectively, 
all P>0.05).
● CONCLUSION: Myopes still progress in undergraduate 
students, especially in high myopes.
● KEYWORDS: myopia progression; high myopia; 
prevalence; undergraduate students
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INTRODUCTION

I n recent years, the world has been faced with the myopia 
rapid growth, especially in east Asia. It is predicted to 

affect almost a half of the world’s population within the next 
years[1]. The prevalence of myopia is more than 2 times higher 
among east Asians than similarly aged white persons, and the 
prevalence of myopia seems to be increasing most dramatically 
among younger people in East Asia[2].
College students comprise a specific population characteristic 
of academic excellence, and their vision problems are very 
serious. The prevalence of myopia in university students in 
China is reported to surpass 90%, and even worse, 19.5% 
progressed to high myopia and pathologic myopia[3], which 
finally leads to irreversible vision loss and hampers their 
professional development and social competence. Perhaps 
high level of prolonged near work in and out of class for more 
than ten years and less time outdoors are the main reasons. The 
combination of vision impairment from uncorrected myopia 
and irreversible vision loss from myopia-related complications 
make accurate estimates of the prevalence and trends critical 
for planning care and services of college students. 
However, existing reports of this problem on college students 
are still very limited[3-5]. More importantly, myopia progression 
among college students had never been estimated in previous 
studies. We have neglected the prevention and control of 
myopia among college students for a long time. Normal eye 
growth in emmetropes is complete by 13 to 15 years of age, so 
there was considered to be no threat of myopia progression for 
college students. In fact, due to occupational factors, college 
students are under high risk of myopia progression.
To evaluate progression among a population of highly educated 
young adults, we performed a longitudinal study of first-year 
college students in one of the universities located in central China.
SUBJECTS AND METHODS
Ethical Approval  This study was approved by the Human 
Ethics Committee of Huazhong University of Science and 
Technology and was carried out according to the tenets of 
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the Declaration of Helsinki. The purpose of the study was 
explained, a written informed consent was obtained from 
each participant, and a self-reported questionnaire survey was 
administered.
Study Population  All the new students of Huazhong 
University of Science and Technology in Wuhan, Hubei 
province, were recruited. The university has 30 colleges with 
about 10 classes in each college and approximately 30 students 
in each class. Each first-year student had a unique Quick 
Response (QR) Code to ensure correct identification. The same 
cohort of students were re-examined after a period of one year. 
Participants were excluded if their refraction check was invalid 
or loss to follow-up or had a medical history of eye diseases, 
and refractive correction surgery.
Eye examination was conducted by two experienced 
ophthalmologists and two qualified optometrists from the 
Ophthalmology Department of Tongji Hospital. All subjects 
underwent a measurement of uncorrected distance visual 
acuity (UCDVA) at 5 m (standard logarithmic visual acuity E 
chart) and slit lamp. Refractive error (RE) of each subject was 
measured by the automatic refractometer (AR-600; Nidek Ltd., 
Tokyo, Japan) without cycloplegia. The spherical equivalent 
refraction (SER) was calculated by adding together the 
spherical refraction and half the cylindrical refraction.
Data for blood pressure, height, and weight, and hemoglobin 
came from the new entrance medical examination at the 
baseline. Height and weight data were then used to determine 
each participant’s body mass index (BMI).

Statistical Analysis  Statistical analyses were conducted 
using the statistical package for IBM SPSS Statistics for 
Windows, version 21.0 (IBM Corp., Armonk, NY, USA). 
The correlations between myopia progression and the various 
parameters considered in this study were assessed using the 
Spearman’s rank correlation coefficient test. Parameters that 
showed a univariate association with P value less than 0.05 
were selected as candidate variates for multivariate analysis. 
Continuous variables were presented using the weighted mean 
and standard deviation (SD) or median with interquartile 
range (IQR) in case of variables not distributed normally, and 
categorical variables were represented as percentages. A P 
value less than 0.05 was considered as statistically significant.
RESULTS
A total of 7359 students were enrolled in the study. The 
response rate based on the number of validated examinations 
was 85.2% (n=6270), of which 67.6% (n = 4542) were male 
participants, and 32.4% (n = 1728) were females. The mean age 
of the students was 18.1±0.7y at baseline. 
Distribution of Spherical Equivalent Refraction at 
Baseline  The distribution of SER at baseline is shown in 
Figure 1A. SER for the overall population did not demonstrate 
normal distribution (Kolmogorov-Smirnov test, P=0.008). 
The distribution of SER was positively skewed. There was 
significant difference between the left and right eye (Wilcoxon 
signed-ranks and Mann-Whitney U tests, P=0.001). The 
baseline SER from the worse eye of each student was used for 
analysis.

Figure 1 Distribution of SER in the worse eye  A: SER for the overall population; B: SER difference between male and female; C: SER difference 

among age groups; D: SER distribution of male students among non-myopia, low, moderate, and high myopia groups; E: SER distribution of female 

students among non-myopia, low, moderate, and high myopia groups; F: SER stratified by age and sex. SER: Spherical equivalent refraction.
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Myopia was defined as SER<-0.5 D. The overall prevalence 
of myopia was 83.9% (95%CI: 82.8% to 84.8%). SER for the 
overall population was -3.25 (3.75) D or -3.14±2.28 D.
Spherical Equivalent Refraction Stratified by Age, Sex and 
Groups  There was no significant difference in SER between 
the male -3.13±2.27 D and female -3.17±-3.09 D (Wilcoxon 
signed-ranks and Mann-Whitney U tests, P=0.917; Figure 1B), 
nor any significant difference in SER among students 17-18 years 
of age (male: -3.16±2.28 D, female: -3.23±2.29 D), 18-19 
years of age (male: -3.07±2.26 D, female: -2.97±2.35 D), and 
19-20 years of age (male: -3.10±2.36 D, female: -3.23±2.29 D, 
Kruskal-Wallis H, H=1.213, P=0.324; Figure 1C, 1F).
The students were divided in to four groups: non-myopia (SER 
less than -0.5 D), low myopia (SER between -0.5 and  
-3.0 D), moderate myopia (SER between - 3.0 and -6.0 D), high 
myopia (SER greater than -6.0 D). There was no statistically 
significant difference in distribution between males and 
females (χ2=0.354, P=0.242; Figure 1D, 1E).
Myopia Progression  Myopia progression was defined as the 
difference between the SER at the baseline and at the one-year 
follow up. The rate of myopia progression over 0.50 D among 
undergraduate students in central China was 41.9%. The mean 
myopia progression after one year stratified by age and groups 
was shown in Table 1.
SER for the overall population did not demonstrate normal 
distribution (Kolmogorov-Smirnov test, P=0.035). There 
was no difference of mean myopia progression between male 
(-0.47±0.40 D) and female (-0.49±0.35 D; Wilcoxon signed-
ranks and Mann-Whitney U tests, P=0.315), nor difference 
among age group (Kruskal-Wallis H, H=1.687, P=0.324).
The myopia progression of original myopia was severer than 
progression of new-onset myopia (non-myopia at the baseline; 
Wilcoxon signed-ranks and Mann-Whitney U tests, P=0.008).
There was also difference of mean myopia progression among 
different degrees of myopia at baseline (Kruskal-Wallis H, 
H=18.273, P=0.032). Per pairwise comparisons, there was a 
statistically significant difference between moderate and severe 

groups (Mann-Whitney U test, U=33, P=0.021), and mild and 
severe groups (Mann-Whitney U test, U=53, P=0.008).
Correction Status in Myopia Subjects  The under corrected 
refractive error was defined as improvement of at least two 
lines in visual acuity of the better eye with the best possible 
refraction correction compared with the habitual visual acuity. 
Table 2 shows the percentage of myopia progression of 
different correction status. A total of 2450 subjects (46.6% of 
all myopia subjects) experienced myopia progression of over 
0.50 D change of SER in one year. The well corrected eyes had 
a lower incidence of myopia progression than under corrected 
eyes (χ2=7.90, P =0.004).
Correlation Analysis  Spearman correlation coefficients 
(ρ) were calculated between myopia progression and height, 
weight, BMI, and hemoglobin to explore the relationship 
between myopia progression and physical parameters. 
There was no correlation between myopia progression and 
these parameters (Table 3). The correlation between myopia 
progression and myopia diopter at baseline was marginally 
significant in female (ρ=-0.204, P=0.058). 
DISCUSSION
In our study, we confirmed the rate of myopia progression 
among undergraduate students in central China was 41.9%, 
which is considerably higher than the prevalence in young 
adult military Chinese men (27.3%)[6], or chilidren aged 
4-17 years old (35.0%)[7]. The population with a higher level 
of education and academic achievement was revealed to 
be associated with myopia, because these people are more 
inclined to spend more time at near work and less time in 
outdoor activity[8]. A literature review found that children with 
higher Intelligence Quotient scores tend to be more myopic, 
but near work could be a possible confounding factor[9]. There 
is no doubt that college students constitute a population of 
higher education level than the average. Moreover, the samples 
in our study were from a top-ranking university. Another 
possible explanation is that college students are exposed to 
excessive electronic screens because of occupational need.

Table 1 The mean myopia progression after one year stratified by age and groups 

Sex Non-myopia (SER>-0.5 D) Low myopia (-3.0<SER≤-0.5 D) Moderate myopia (-6.0<SER≤-3.0 D) High myopia (SER≤-6.0 D)
Male -0.25±0.48 -0.49±0.52 -0.40±0.33 -0.65±0.59

Age 17-18y -0.27±0.49 -0.51±0.74 -0.36±0.53 -0.65±0.87
Age 18-19y -0.21±0.36 -0.50±0.57 -0.43±0.41 -0.61±0.96
Age 19-20y -0.24±0.41 -0.43±0.39 -0.41±0.73 -0.67±0.77

Female -0.27±0.43 -0.42±0.51 -0.46±0.33 -0.62±0.49
Age 17-18y -0.31±0.38 -0.48±0.58 -0.51±0.76 -0.57±0.91
Age 18-19y -0.25±0.40 -0.44±0.61 -0.36±0.23 -0.62±0.77
Age 19-20y -0.26±0.65 -0.37±0.44 -0.47±0.58 -0.64±0.83

Total -0.25±0.33 -0.45±0.78 -0.48±0.45 -0.64±0.80

SER: Spherical equivalent refraction. 
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The 1-year progression of myopia in this study was 
-0.47±0.58 D, which is lower than those reported in different 
clinical trials conducted in Chinese school children with 
reported values varying from -0.63 to -2.00 D per year[10]. 
Normal eye growth in emmetropes is complete by 13 to 15 
years of age. All the population in this study are adolescences 
aged 17 years or older, however, showed a rate of myopia 
development similar to that of teenager. It has been suggested 
that this continued axial elongation may be because of active 
sclera tissue remolding and consequent lens thinning and 

vitreous chamber elongation[11].
This study showed the rate of myopia progression varied 
with myopia status at baseline, but not with age or gender. 
Other studies documented that females were more likely to 
develop myopia than males, because they spent more time 
reading and doing near work[12]. The reasons may be that the 
male and female subjects in our research were susceptible to 
occupational myopia. The high myopia rate of female students 
was slightly greater than that of males (14.1% vs 13.8%), but 
still there was no significant difference. In addition, myopia 

Table 2 Percentage of myopia progression and correction status                                                                                                                                      n (%)

Myopia Total Corrected Well corrected Under corrected χ2 P 
Mild myopia 657 (36.8) 590 (37.7) 533 (39.0) 77 (39.3) 0.01 0.922
Moderate myopia 1270 (49.1) 1153 (46.0) 1013 (45.7) 140 (49.1) 0.85 0.312
High myopia 523 (62.4) 408 (46.2) 321 (43.2) 87 (63.5) 19.52 0.001
Total 2450 (46.6) 2151 (43.5) 1867 (43.1) 304 (49.1) 7.90 0.004

Myopia progression was defined as the difference between the spherical equivalent refraction at the baseline and at the one-year follow up 

over 0.50 D. Chi-squared tests were used to compare the percentage of myopia progression between well corrected eyes and under corrected eyes.

Table 3 Correlation between myopia progression and height, weight, BMI, hemoglobin and myopia diopter at baseline

Parameters Mean   SD Median 95%CI ρ P
Male

Height 169.44 9.10 169.10 60.33, 63.76 0.026 0.690
Weight 62.05 13.68 60.00 168.30, 170.58 0.100 0.118
BMI 21.50 3.71 20.68 21.03, 21.96 0.103 0.105
Hemoglobin 6.69 1.46 6.64 6.51, 6.87 -0.002 0.970
Myopia diopter 131.62 17.79 135.00 129.39, 133.85 0.022 0.730

Female
Height 169.37 9.26 168.40 58.05, 63.99 -0.078 0.474
Weight 61.02 13.95 58.80 167.40, 171.35 -0.152 0.160
BMI 21.10 3.46 20.51 20.36, 21.84 -0.170 0.116
Hemoglobin 6.71 1.52 6.57 6.38, 7.03 -0.096 0.427
Myopia diopter 132.77 18.31 137.00 128.87, 136.67 -0.204 0.058

Age 17-18y
Height 169.28 9.04 168.90 59.85, 63.31 -0.060 0.398
Weight 61.58 12.44 60.10 168.03, 170.54 0.028 0.692
BMI 21.40 3.40 20.93 20.93, 21.87 0.041 0.561
Hemoglobin 6.76 1.49 6.75 6.55, 6.96 -0.003 0.960
Myopia diopter 132.63 17.31 137.00 130.22, 135.04 -0.044 0.532

Age 18-19y
Height 169.95 9.73 169.40 59.38, 66.44 0.136 0.219
Weight 62.91 16.16 59.10 167.82, 172.07 0.115 0.300
BMI 21.55 4.01 20.34 20.68, 22.43 0.105 0.345
Hemoglobin 6.60 1.49 6.50 6.28, 6.92 -0.074 0.507
Myopia diopter 132.27 18.41 135.00 128.25, 136.29 -0.035 0.752

Age 19-20y
Height 169.09 8.57 168.40 56.60, 64.84 -0.035 0.808
Weight 60.72 14.49 57.95 166.65, 171.52 -0.124 0.391
BMI 21.09 4.00 20.42 19.96, 22.23 -0.145 0.314
Hemoglobin 6.61 1.43 6.45 6.20, 7.01 -0.028 0.846
Myopia diopter 128.50 19.37 130.00 123.00, 134.01 0.034 0.812

SD: Standard deviation; CI: Confidence interval; BMI: Body mass index.
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develops rapidly at younger ages, but in this study, there was 
no difference among age groups, the reasons may be that the 
subjects in this study had completed their eyeball development 
and the age range was small. 
Previous studies have only focused on the rate of myopia, 
but each diopter matters in controlling myopia. In this study, 
SER for the overall population was -3.14±2.28 D, and the 
1-year progression in moderate myopia was -0.48±0.45 D. 
Bullimore and Brennan[13] showed that each diopter increase in 
myopia was associated with a 67% increase in the prevalence 
of myopic maculopathy. And 3-diopter myope was defined 
as moderate myopia, which also has a risk for myopic 
maculopathy and early age-related maculopathy[14]. Even if 
slowing their myopic progression just by 1 D during childhood 
should lower the risk[15].
Of particular concern is that the prevalence of high myopia 
in this study was 14.1%, which corresponded to several 
previous reports among university students (7.9% to 16.6% in 
Fenghua City[16], and 19.5% in Shanghai[3]), was twice as much 
as that of the general adult population (7.0% in the Korean 
adult population[17]). To make matters worse, we found that 
individuals with a higher degree of myopia had greater myopia 
progression compared to those with a mild degree of myopia. 
The exact mechanism on why high and severe myopes progress 
at a faster rate compared to that of mild myopes is not clear, an 
indirect relation can be speculated towards an association with 
the earlier age of onset of myopia[18]. Researchers attribute the 
epidemic to the high educational pressures and limited time 
outdoors in the university population, rather than to genetically 
elevated sensitivity[19]. Therefore, the lifestyle modification is 
crucial in the prevention and control of high myopia. 
The ratio of spectacle ownership was 87.6% in mild myopia 
subjects indicating an unsatisfactory corrective status of first 
year university students. And unprofessional optometry and 
lack of regular examination of visual acuity result in an under 
corrected rate of 11.8%. Qian et al[20] showed that among 
multiethnic school students aged 5-16 years old in rural China, 
there was a high ratio of needing for spectacles (68.3%) and a 
very low ratio of spectacle ownership (18.9%). Wang et al[21] 
reported similar results in schools for children in Shanghai, 
China. The main reasons for their reluctance to prescribe 
spectacles were increased cost, inadequate information, and 
aesthetic reasons.
A widespread opinion is that wearing spectacles may be 
harmful to our eyes leading rapidly increasing of refractive 
error. This attitude prevents full correction of myopia students, 
even if they had medium or high myopia and suffered from 
blurred vision. In this study, the under corrected eyes had a 
higher percentage of myopia progression than well corrected 
eyes. It was consistent with some literature, which indicated 

that improving optical corrections and visual behavior to 
generate inhibitory signals for eye growth in the retina[22]. But 
there is no strong evidence of benefits from un-correction, 
monovision or over-correction[23]. 
Time spent outdoors and the level of education have been 
confirmed to be associated with myopia progression by 
mainstream studies[24-28], but other risk factors such as height 
and weight are less clear. As our participants had the same level 
of education and performed the same intensity of near work, 
we were concerned more in examining the association between 
myopia progression and the following body factors among 
undergraduate students. Joseph et al[29] showed that increasing 
height was associated with higher odds of myopia in children 
aged 7-14y, because axial length was positively correlated with 
body height and weight. Tideman et al’s[30] results coincide 
with this conclusion. But in this survey the body height, weight 
and BMI were not associated with myopia. The underlying 
reason could be that unlike children at the age of puberty, the 
link between axial length and body height in undergraduate 
students, was reduced due to their arrested development (in 
height). Hemoglobin combines with oxygen and carries it 
around the body and could reflect athletic ability[31], but it had 
no correlation with myopia progression in this study.
The major strengths of the current study are the research 
design, which enabled us to analyze the natural progression 
of college students in a large cohort and the relatively low 
drop-out rate. The limitation of the study is the lack of data 
on axial length and other ocular parameters. We did not take 
standardized measurements of cycloplegic refractive error, 
however, this study was to compare the change of refractive error 
of the same subjects, so the pseudo myopia by accommodative 
spasm would have not affected the reliability. In summary, our 
study demonstrated a high prevalence of myopia progression 
among undergraduate students similar to school children. We 
also found high myopes progressed at a faster rate compared 
to that of mild myopes in undergraduate students. Moreover, 
the under corrected eyes had a higher percentage of myopia 
progression than well corrected eyes. Concerning that race is a 
critical factor in various ocular parameters[32], future studies are 
needed to evaluate racial background and its association with 
myopia progression in future studies.
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