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Abstract
·AIM: To determine the prevalence of asthenopia and
identify any associated risk factors in the college
students in Xi'an, China.

· METHODS: From April to September 2012, 1 500
students from five universities in Xi'an were selected
according to a multi -stage stratified cluster sampling
method. Data on demographic features, lifestyle or
dietary habits, health status, living environment
conditions, sleep and mental status, and asthenopia
symptoms were collected through a self -administered
validated questionnaire. Univariate logistic regression
and multivariate logistic regression analysis modified by
the factor analysis were performed to evaluate risk
factors for asthenopia.

·RESULTS: Fifty-seven percent of the college students
complained of asthenopia. Statistically significant risk
factors for asthenopia in the univariate analysis included
13 variables. Multivariate analysis revealed a significant
relationship between the use of computer and asthenopia
(OR 1.21, 95% CI: 1.09 to 1.35). Good sleep and mental
status (OR 0.86, 95% CI: 0.76 to 0.97), good living
environment conditions (OR 0.67, 95%CI: 0.60 to 0.76),
and high intake of green leafy vegetables (OR 0.89, 95%
CI: 0.80 to 0.98) were found to be strong predictors of
decreasing the occurrence of asthenopia complaints.

·CONCLUSION: Asthenopia symptom appeares to be
common among college students; and it is strongly
associated with computer use, psychosocial state,
environment conditions and dietary habits, suggesting

that additional studies are warranted to verify these risk
factors and establish prevention guidelines, especially for
college students.
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INTRODUCTION

A sthenopia includes visual discomfort symptoms such as
impaired reading performance, light sensitivity, blurred

vision, diplopia, and perceptual distortions [1]. It has become a
significant public health problem [2]. With the change of
lifestyle and the spread of personal computers, increasing
rates of such complaints have been reported in various
industries [3]. These asthenopia symptoms can be severe
enough to limit personal activities and further result in
potentially speeding up the development of age-related eye
diseases [4]. Therefore, identifying risk factors of asthenopia is
of great importance to improve visual function and decrease
the risk of visual fatigue. Some epidemiologic studies have
found that asthenopia was possibly associated with systemic
symptom, psychological states and environmental factors,
whereas still others have reported inconsistent results [5,6].
Moreover, until recently little information is available
regarding the asthenopia with risk factors among the college
students. Most of them have been experiencing the
processing of functional maturation of the visual system in
this time frame, which makes ocular tissue of college
students more sensitive to the environmental change
compared with other populations [7]. The decrease in visual
fatigue among college students might lead to an important
benefit to promote next generation of their career and health.
Therefore, we conducted a cross-sectional study to examine
the relationships between visual fatigue and the related
factors among college students from five universities in
Xi'an, China.
SUBJECTS AND METHODS
Subjects Students aged 18 to 30 years were selected in
Xi'an, Shaanxi Province, according to a multi-stage stratified
cluster sampling method. In the first stage, the five
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universities were selected from Xi'an. In the second stage, 30
to 40 student dormitories of each grade were chosen from
each selected university based on lists of the dormitory
schedule of different grades. About 700 student dormitories
were selected. Finally, 1 to 3 students from each selected
dormitories were chosen as subjects of the study. A total of 1
500 students were enrolled in the study.
Methods This was a cross-sectional study. The questionnaire
was developed by an expert panel using the nominal group
technique. The questionnaire was piloted on 40 subjects and
the results suggested that this questionnaire had good
reliability and validity.
Information on demographic features, lifestyle or dietary
habits, perceived health status, the hygiene of using eye,
living environment conditions, and sleep and mental status
were requested on the questionnaire. Doing exercises hours
were categorized into three groups: <0.5h/week, 0.5-3.5h/week,
and >3.5h/week. Body mass indexes (BMI) were categorized
into three groups: <24kg/m2, 24-27.9kg/m2, and 逸28kg/m2.
Daily computer use hours were categorized into four groups:
<1h, 1-3h, 3-5h and >5h. Asthenopia symptoms were adopted
from the items of the subjective symptom checklist: eye pain,
dry eyes, eye swelling, blurred vision, diplopia, foreign body
sensation, photophobia, tearing, decreased visual acuity, and
difficulty in sustaining visual operations. Asthenopia was
defined as the presence of one or more these subjective
symptoms [8,9]. The interview was conducted face-to-face
between interviewers and interviewees. The strict supervision
process had been found to ensure the quality of the
investigation. The participants were assured that they would
remain anonymous.
Statistical Analysis All data of questionnaires were
uploaded into a computerized database after checked for
accuracy by two investigators independently. Differences in
demographic data between the cases and controls were
compared using the 2 test for categorical data. Odds ratios
(OR) and 95% confidence intervals (95%CI) were calculated
by using univariate logistic regression analysis to quantify the
associations between asthenopia and its relevant variables.
Factor analysis was used to identify the structure underlying
significant variables and to estimate scores to measure latent
factors principal component analysis [10]. The factors are
rotated by an orthogonal transformation and the factors with
eigenvalues greater than 1.0 were extracted. The relationships
between the occurrence of visual fatigue and the scores of
factors were assessed by multiple linear regression models. A
2-tailed value of less than 0.05 was considered significant.
All analysis were performed using the SPSS statistical
software (version 12.0, SPSS Inc., Chicago, IL, USA).
RESULTS
Epidemiological Feature of Asthenopia Of the 1 500
students who responded to the survey, 31(2.1%) did not complete

the item. The participants aged from 17 to 28 years, their
average age was 21.4 years, and 58.7% are males. Of the
remaining 1 469 (97.9%) students, 838 (57.0%) reported that
they had asthenopia symptoms (Table 1). The results showed
that the difference between males and females was not
significant ( >0.05). Smoking, drinking and doing exercises
were not markedly different between cases and non-cases
defined by the asthenopia symptoms. The comparison
between them revealed significant difference of BMI ( =0.02).
Univariate Logistic Regression Analysis The results of
univariate logistic regression analysis showed that each
variable in Table 2 was significantly associated with the
occurrence of asthenopia. Independent protective factors
included higher intake of green leafy vegetables (OR 0.65,
95%CI: 0.44 to 0.95), air quality (OR 0.45, 95%CI: 0.31 to
0.64), sleep quality (OR 0.50, 95%CI: 0.36 to 0.71), mental

Table 1  The comparison of general characteristics of 
subjects with and without asthenopia in universities 

Parameters Case 
(n=838) 

Normal 
(n=631) 

1P 

Gender, n (%)    
M 492 (58.7) 370 (58.6) 
F 346 (41.3) 261 (41.4) 

0.98 

2BMI, n (%)    
<24kg/m2 745 (88.9) 580 (91.9) 
24-27.9kg/m2 79 (9.4) 49 (7.8) 
≥28kg/m2 14 (1.7) 2 (0.3) 

0.02 

Smoking, n (%)    
Yes 91 (10.9) 68 (10.8) 
No 747 (89.1) 563 (89.2) 

0.96 

Drinking, n (%)    
Yes 137 (16.3) 111 (17.6) 
No 701 (83.7) 520 (82.4) 

0.53 

Doing exercises, n (%)    
never 229 (27.3) 189 (29.9) 
<3.5h/week 423 (50.5) 280 (44.4) 
≥3.5h/week 186 (22.2) 162 (25.7) 

0.06 

1Based on χ2 test. 2BMI: Body mass index, calculated as weight 
in kilograms divided by height in square meters. 
 
Table 2  Simple logistic regression for the factors related to asthenopia 

Variable OR (95%CI) P 
Intake of green leafy vegetables 0.65 (0.44, 0.95) 0.028 
Daily computer usage 4.22 (3.60, 4.95) <0.001 
Cathode ray tube computer screen 1.17 (1.06, 1.30) 0.002 
Viewing angle of computer screen 1.29 (1.01, 1.65) 0.047 
Eye or systemic disease 1.82 (1.06, 3.10) 0.029 
Taking medicine 3.54 (1.34, 9.36) 0.011 
Indoor temperature 1.90 (1.33, 2.70) <0.001 
Air quality 0.45 (0.31, 0.64) <0.001 
Noise 2.18 (1.55, 3.08) <0.001 
Sleep quality 0.50 (0.36, 0.71) <0.001 
Mental state 0.72 (0.53, 0.98) 0.034 
Sense of social identity 0.40 (0.28, 0.57) <0.001 
Family history of eye disease 2.04 (1.27, 3.27) 0.003 
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state (OR 0.72, 95%CI: 0.53 to 0.98), sense of social identity
(OR 0.40, 95% CI: 0.28 to 0.57); and higher occurrence of
visual fatigue was associated with daily computer usage (OR
4.22, 95% CI: 3.60 to 4.95), cathode ray tube (CRT)
computer screen (OR 1.17, 95%CI: 1.06 to 1.30), viewing
angle of computer screen (OR 1.29, 95%CI: 1.01 to 1.65),
eye or systemic disease (OR 1.82, 95% CI: 1.06 to 3.10),
taking medicine (OR 3.54, 95%CI: 1.34 to 9.36), unsuitable
indoor temperature (OR 1.90, 95% CI: 1.33 to 2.70), noise
(OR 2.18, 95% CI: 1.55 to 3.08) and family history (OR
2.04, 95% CI: 1.27 to 3.27).
Factor analysis From the factor analysis of the asthenopia
symptoms, six factors were extracted (Table 3). The Factor 1
was computer use, consisted of three items, which were daily
computer usage, type of computer screen, and viewing angle
of computer screen. Factor 2, good sleep and mental status,
included sleep quality, mental state, and sense of social
identity. Factor 3, good living environment conditions,
consisted of three items, which were indoor temperature, air
quality and noise. Factor 4, bad physical state, contained eye
or systemic disease, and taking medicine. Factor 5, good
factor of diets, consisted of intake of green leafy vegetables.
Factor 6 was family history of eye disease (Table 4).
Multivariate Logistic Regression Analysis The results of
the multivariate logistic regression analysis of factors related
to the occurrence of asthenopia are shown in Table 4. The
output of the logistic model revealed significant associations
between four factors and the occurrence of asthenopia ( <
0.05). Among the factors, computer use (OR 1.21, 95%CI:
1.09 to 1.35) was a risk factor for the occurrence of
asthenopia, whereas protective factors included good sleep
and mental status (OR 0.86, 95% CI: 0.76 to 0.97), good
living environment conditions (OR 0.67, 95%CI: 0.60 to 0.76),
and good factor of diets (OR 0.89, 95%CI: 0.80 to 0.98).
DISCUSSION
Recently, numerous studies have investigated the

epidemiological feature of asthenopia, and found the number
of people affected by this disease was expected to rise
dramatically in the near future [3,11]. Aakre and Doughty [12]

assessd the association between self-reported symptoms of
asthenopia and video display terminal (VDT) use. The results
indicated that the people reporting experiencing some visual
symptoms or specific ocular symptoms sometimes were
70.0% and 82.5%, respectively. A similar prevalence rate of
eye fatigue was also observed in a study, conducted in
operators of call centers [13]. Until recently the study
specifically concerning the prevalence and its related risk
factors of asthenopia among the college students were still
limited. In the current study, our results found that there was
a high prevalence of asthenopia of the college students in
Xi'an, approaching to 57.0%, which was comparable to those
in the workers using VDT reported by previous studies. This
finding from this study indicated that college students
experienced deterioration in their eye health status.
Therefore, it is urgent to identify its risk factors and develop
effective strategies for helping to protect against asthenopia
and improve visual function in college students.
Our findings provided evidence that multiple factors have the
potential to influence the incidence of asthenopia, including
psychological state, environment, health status, and dietary
and lifestyle habits. Long-time VDT use could gradually
damage regulatory function of the eyes and then result in the
formation of visual fatigue [14]. Yoshioka [15] suggested
that VDT work of 6h or longer per day was significantly
associated with sleep-related symptoms and visual fatigue
among Japanese government clerks, even after adjusting for
possible confounding factors. Compared with CRT computer
screen, higher contrast ratio of liquid crystal display (LCD)
resulted in better visual recognition and higher subjective
preference, making enhancing worker satisfaction. In
addition, the lower reflected light or glare of LCD could
bring less harm to the ocular tissue [16]. Moreover, visual and

Table 3  Eigenvalue, contributive rate and cumulative contributive rate for every factor 
Parameter Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 

Eigenvalue 1.57 1.55 1.23 1.22 1.10 1.06 
Contributive rate (%) 12.08 11.92 9.49 9.38 8.46 8.12 
Cumulative contributive rate (%) 12.08 24.00 33.48 42.86 51.32 59.43 

 
Table 4  Multivariate logistic regression of factor score 

Common 
factor Dominant variable Meaning OR (95%CI) 

F1 Daily computer usage, cathode ray tube computer 
screen, viewing angle of computer screen 

Computer use 1.21 (1.09, 1.35) 

F2 Sleep quality, mental state, and sense of social identity Good sleep and mental status 0.86 (0.76, 0.97) 
F3 Indoor temperature, air quality, and noise Good living environment conditions 0.67 (0.60, 0.76) 
F4 Eye or systemic disease, and taking medicine Bad physical state 1.00 (0.89, 1.13) 
F5 Intake of green leafy vegetables Good factor of diets 0.89 (0.80, 0.98) 
F6 Family history of eye disease Family history 0.98 (0.89, 1.08) 
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ocular problems are well known to be associated with
awkward postures [17,18]. Our results agreed with the earlier
studies and reported a relatively high complaining of visual
fatigue for the subjects with poor viewing angle of computer
screen. Thus, college students should be advised to pay more
attention to a comfortable sitting position and use adjustable
chairs.
Under the negative emotions, the stress response of
autonomic nervous system deteriorates the endocrine
function and thereafter affects the internal environment of
eyes, which leads to the aggravation of visual fatigue [19]. We
investigated the relation of psycho-mental factors to visual
fatigue and found that a good mental state and a sense of
social identity exerted beneficial effects for visual fatigue.
Our results were consistent with work by Ye [20], who
noted that negative mental status were significantly positively
associated with visual abnormalities among Japanese VDT
users. Moreover, our finding also was supported by
significant association that was found between improvement
in the quality of sleep and the decreased risk of visual fatigue.
A sufficient amount of sleep is beneficial to relieve
asthenopia promoting the functional recovery in ciliary
muscle and relaxing eye muscles[21].
Environmental factors had been identified among the several
risk factors that could account for the increase in asthenopia
incidence. Under hostile environment, decreased tear
secretion will affect the stability of the tear film which results
in shortening the tear break-up time. Rocha and
Debert-Ribeiro [22] noticed that the presence of visual fatigue
and mental symptoms were related with poor working and
living conditions. Our study also indicated that adverse
environmental conditions, including uncomfortable room
temperature, poor air quality and noise, are independent risk
factors for the incidence in visual fatigue. Consistent with our
findings regarding the relationship between noise and
asthenopia, Fowler [23] reported that high-frequency noise
applied to healthy speakers would result in significant
increases in visual discomfort and/or delayed-onset muscle
soreness. Improving environmental conditions, including
room temperature, air quality and noise, may have potentially
important significance to decrease the risk in visual fatigue.
As other important environmental factors, illumination level
at the place where VDT is used or where these college
students study, may be related with asthenopia. Under
inadequate lighting conditions, the students' pupils will
continuously dilate, resulting in the occurrence of visual
fatigue [24]. However, the results of our study did not observe
the significant relationship between illumination level and
asthenopia.
Healthy dietary habits had beneficial effects on maintaining
normal metabolism and physiological function of eyes. Dark

green leafy vegetables are good sources of antioxidants
including lutein and zeaxanthin, and the consumption of
these carotenoids has been associated with reducing the risk
of age-related eye diseases. The combination of evidence
suggested these carotenoids play an important role in
preventing of visual fatigue and delay the progression of
age-related macular degeneration by aiding in the filtering of
damaging blue light and quenching reactive oxygen
species [25]. Our previous studies had also indicated that the
supplementation with lutein and zeaxanthin could improve
visual function and relieve asthenopia [26]. Meanwhile, the
largest fractions of most eye-protective nutrients (such as
vitamin A, lutein and zeaxanthin) are stored in adipose
tissue [27]. Thus, higher body fat percentage and BMI may
compete with the retina for uptake of these nutrients,
resulting in less incorporation in the retina and lower macular
pigment. This might explain the reason why subjects with
higher BMI had a higher asthenopia prevalence than subjects
of normal weight in present study. In addition, we also
evaluated the effects of taking nutritional supplementation on
the occurrence of asthenopia. However, we did found
nutritional supplementation led to a significant benefit, partly
due to limited number of students taking nutritional
supplements in our population.
Past epidemiologic data have linked history of eye disease
and eye injury to risk of visual functional limitations [28]. As
most of college students have not experienced these
incidents, our results showed that the risk of asthenopia was
not significantly influenced by this factor. However, it is also
important to promote eye health and prevent certain eye
diseases in order to reduce the risk of asthenopia.
Strengths of this study include a multi-stage stratified cluster
sampling method design, strict supervision process, and
excellent response rates. However, this study also has several
limitations. The cross-sectional research design of the current
study does not allow inferences of causality about
directionality among variables. In addition, this study
involved only five universities in Xi'an, which limited the
generalizability of the findings.
In conclusion, our results suggested that visual fatigue have
become an increasingly important public health problem
emerging on college campuses. The observed high asthenopia
symptom prevalence is probably related to psychological
state, environment, health status, and dietary and lifestyle
habits. Therefore, longitudinal studies involving college
students are worthwhile to identify the related factors for
intervention.
REFERENCES
1 Gowrisankaran S, Nahar NK, Hayes JR, Sheedy JE. Asthenopia and blink

rate under visual and cognitive loads. 2012;89(1):97-104

2 Bhanderi DJ, Choudhary S, Doshi VG. A community-based study of

asthenopia in computer operators. 2008;56(1):51-55

721



3 Thorud HM, Helland M, Aar覽s A, Kvikstad TM, Lindberg LG, Horgen G.

Eye-related pain induced by visually demanding computer work.

2012;89(4):E452-E464

4 Pointer JS, Gilmartin B. Clinical characteristics of unilateral myopic

anisometropia in a juvenile optometric practice population.

2004;24(5):458-463

5 Agarwal S, Goel D, Sharma A. Evaluation of the factors which contribute

to the ocular complaints in computer users. 2013;7 (2):

331-335

6 Ostrovsky A, Ribak J, Pereg A, Gaton D. Effects of job-related stress and

burnout on asthenopia among high-tech workers. 2012;55(8):

854-862

7 Borsting E, Chase CH, Ridder WH 3rd. Measuring visual discomfort in

college students. 2007;84(8):745-751

8 Langelaan M, van Nispen RM, Knol DL, Moll AC, de Boer MR, Wouters

B, van Rens GH. Visual Functioning Questionnaire: reevaluation of

psychometric properties for a group of working-age adults.

2007;84(8):775-784

9 Chase C, Tosha C, Borsting E, Ridder WH 3rd. Visual discomfort and

objective measures of static accommodation. 2009;86 (7):

883-889

10 Jordan I, Hebestreit A, Swai B, Krawinkel MB. Dietary patterns and

breast cancer risk among women in northern Tanzania: a case-control

study. 2013;52(3):905-915

11 Woods V. Musculoskeletal disorders and visual strain in intensive data

processing workers. 2005;55(2):121-127

12 Aakre BM, Doughty MJ. Are there differences between 'visual

symptoms' and specific ocular symptoms associated with video display

terminal (VDT) use? 2007;30(3):174-182

13 Nahar NK, Sheedy JE, Hayes J, Tai YC. Objective measurements of

lower-level visual stress. 2007;84(7):620-629

14 Ye Z, Abe Y, Kusano Y, Takamura N, Eida K, Takemoto T, Aoyagi K.

The influence of visual display terminal use on the physical and mental

conditions of administrative staff in Japan. 2007;26(2):

69-73

15 Yoshioka E, Saijo Y, Fukui T, Kawaharada M, Kishi R. Association

between duration of daily visual display terminal work and insomnia among

local government clerks in Japan. 2008;51(2):148-156

16 Wolska A. Visual strain and lighting preferences of VDT users under

different lighting systems. 2003;9(4):431-440

17 Wu SP, Yang CH, Ho CP, Jane DH. VDT screen height and inclination

effects on visual and musculoskeletal discomfort for Chinese wheelchair

users with spinal cord injuries. 2009;47(1):89-93

18 Wu SP, Yang CH. Effect of VDT keyboard height and inclination on

musculoskeletal discomfort for wheelchair users. 2005;

100(2):535-542

19 Sa EC, Ferreira Junior M, Rocha LE. Risk factors for computer visual

syndrome (CVS) among operators of two call centers in S觔o Paulo, Brazil.

2012;41(Suppl 1):S3568-S3574

20 Ye Z, Honda S, Abe Y, Kusano Y, Takamura N, Imamura Y, Eida K,

Takemoto T, Aoyagi K. Influence of work duration or physical symptoms on

mental health among Japanese visual display terminal users.

2007;45(2):328-333

21 Azmoon H, Dehghan H, Akbari J, Souri S. The relationship between

thermal comfort and light intensity with sleep quality and eye tiredness in

shift work nurses. 2013;2013:639184

22 Rocha LE, Debert-Ribeiro M. Working conditions, visual fatigue, and

mental health among systems analysts in S觔o Paulo, Brazil.

2004;61(1):24-32

23 Fowler LP, Awan SN, Gorham-Rowan M, Morris R. Investigation of

fatigue, delayed-onset muscle soreness, and spectral-based cepstral

measurements in healthy speakers after neuromuscular electrical

stimulation. 2011;120(10):641-650

24 Pollard BJ, Chawla AS, Delong DM, Hashimoto N, Samei E. Object

detectability at increased ambient lighting conditions. 2008;35

(6):2204-2213

25 Ma L, Lin XM. Effects of lutein and zeaxanthin on aspects of eye health.

2010;90(1):2-12

26 Ma L, Yan SF, Huang YM, Lu XR, Qian F, Pang HL, Xu XR, Zou ZY,

Dong PC, Xiao X, Wang X, Sun TT, Dou HL, Lin XM. Effect of lutein and

zeaxanthin on macular pigment and visual function in patients with early

age-related macular degeneration. 2012;119 (11):

2290-2297

27 Munch IC, Linneberg A, Larsen M. Precursors of age-related macular

degeneration: associations with physical activity, obesity, and serum lipids

in the inter99 eye study. 2013;54(6):3932-3940

28 Belmonte C. Eye dryness sensations after refractive surgery: impaired

tear secretion or "phantom" cornea? 2007;23(6):598-602

Asthenopia and its risk factors

722


