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Abstract 
Purpose: The prevalence of myopia in school-age children and rural area in Taiwan has increased 
dramatically. The aim of this study was to explore the associated factors of myopia in rural ado-
lescents. Methods: A cross sectional design with a rural junior high student was invited to partici-
pate in this study. The relationship between refraction error (RE), spectacle fitting condition, and 
ocular alignment was determined by stereoacuity. The RE was determined using autorefractor. 
The ocular alignment was evaluated by cover-uncover test. Stereoacuity was measured by Titmus 
test. The examination about spectacle fitting included the lens power, lens transparency, pupil 
distance, frame size, and distortion of the frame. Multiple linear regression was used to determine 
the effect of the spectacle suitability and ocular alignment on the RE and stereoacuity. Results: The 
prevalence of myopia was 78% in a total of 338 adolescents, and the incidence of high myopia 
(≤−6 Diopter, D) accounted for 10.2%. Participant worn poor-fitting spectacles were found with 
more myopia (−3.95D vs −3.42D, p = 0.02). The exophoria or exotropia significantly increased RE 
(p < 0.01). The eye position was significantly associated with decreased steroacuity function (p = 
0.03). Head position demonstrated to have a significant relationship with stereoacuity (p = 0.03). 
Conclusions: Good-fitting spectacles provided a good visual function and were associated with less 
RE condition. Exotrope showed a significant correlation with myopia and stereoacuity. The health 
care providers should be aware of the ocular alignment in myopic suffers. 
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1. Introduction 
The prevalence of myopia in Asian school-age children has increased dramatically over the past few decades, 
and myopia is now one of the most common ocular disorders in Asia [1]-[4]. National myopia surveys con-
ducted in Taiwan found that the prevalence of myopia had progressively increased over time [5]. From 1983 to 
2000, the prevalence of myopia for 7-year-old children increased from 5.8% to 20.4% and that for 12-year-old 
children has increased from 36.7% to 60.7%. The prevalence of myopia for students between the age of 16 and 
18 increased from 76.8% to 84.0%. Even though literature has suggested that myopia is a genetic disease [6] [7], 
some environmental factors might result in myopia progression, such as inappropriate fitting of spectacles and 
life style [8] [9]. However, not much literature points to the relationship between spectacle fitting condition and 
the myopia. 

Population-based data in children suggested that Asian populations, especially those of Chinese ethnicity, 
might be more susceptible to myopia as compared to western populations [2]. In the areas of Hong Kong, Tai-
wan, and Singapore, the prevalence of myopia ranges from 45% to 81% in Chinese children [10]-[13], while 20% 
in United States [14] and 36.8% in Greece [15]. On the other hand, the presentations of ocular alignment were 
also different. Esotropia was twice as common as exotropia in the western countries [16]-[18], while exotrope 
was found much more than esotrope in Hong Kong and Singapore [19]-[21]. It has been suggested that patients 
with exophoria often convert more pseudomyopia [22]. Despite the Chinese population having both higher pre-
valence in myopia and exotropes, it remained unclear whether the ocular alignment was associated with the re-
fractive error. Therefore, the purpose of the current study was to investigate the effect of spectacle suitability, 
ocular alignment, head position on the refractive error condition and the stereoacuity among adolescents in rural 
southern Taiwan. 

2. Materials and Methods 
2.1. Study Design and Population 
This study is part of a health promotion for community health development around areas in south-western coast-
al Yunlin County, Taiwan. Using a descriptive cross-sectional design, this school-based survey was imple-
mented at school health center from October to December, 2012. All of the 7th grade students were encouraged 
and invited to participate in this study. A total of 361 students were invited. 

2.2. Procedure and Ethical Considerations 
This study was conducted with a corporate private hospital through the community health screening program, 
and approved by the institutional review board ethical committee (Chang-Gung Memorial Hospital Ethics Com- 
mittee No 100-3726 B). Informed consents were obtained from student and one of their parents or grandparents 
after explanation the purpose and procedures of the study. Two ophthalmologists and six research assistants im-
plemented this program for 10 weeks. All research assistants were trained for 4 hours by the investigators. Re-
search assistants were senior nursing students in a post-RN bachelor of nursing degree program. 

2.3. Ocular Examination 
The ocular examination included visual acuity (VA), visual acuity after glasses (VApG), and the refractive error 
was measured by the auto-refractor (RK8800, Topcon Co., Japan). Myopia was defined as −1.0D or more. 
Myopia in both the horizontal and vertical meridians was measured following the guidelines of the Eye Diseases 
Prevalence Research Group [23]. The ocular alignment was examined by cover-uncover test at distance of 100 
cm for latent deviation. The two eye ball position was evaluated. The students sat in their neutral position before 
grid chart and photography was done. The eyeball position was determined as the same high, left eye ball higher 
than right eye, or right eye ball higher than the left eye. Slit-lamp biomicroscopy and direct ophthalmoloscopy 
were performed to evaluate the ocular condition. 

2.4. Spectacles Evaluation 
The spectacles had been checked for the lens power, the pupil distance (PD), and the frame structure. The spec-
tacle condition of the children was photographed for the evaluation (D70, Nikon Co., Japan). Good fitting of 
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spectacles was defined as following: 1) proper glasses prescription correlated with their refraction condition 
(≤1.0D) and good quality of lens transparency; 2) suitable glasses frame size for the head and face; 3) acceptable 
pupil distance (≤2 mm); and 4) eyeglass frame neither tilting nor distorted (Figure 1). 

2.5. Stereoacuity Evaluation 
Titmus stereotest (Stereo Optical Co., Chicago, IL, USA) was used in this study. Participants were instructed to 
wear polaroid glasses at a distance of 40 cm. The disparity of circle of Titmus was 800, 400, 200, 140, 100, 80, 
60, 50, and 40 seconds of arc (seconds) [24]. Stereoacuity values, ranging from 40 to 800 arcsec, were trans-
formed to log arcsec for the purpose of analysis because the stereoacuity thresholds were not on a linear scale 
[25]. 

2.6. Statistical Analysis 
To evaluate the risk factors for myopia, multivariate statistical analyses were performed. Odds ratios (OR) for 
myopia and their 95% confidence intervals (CI) were calculated as an approximation of the relative risk esti-
mates. The factors included in the multivariate model were: age, sex, stereo visual acuity, eye position, head po-
sition. Comparisons in visual acuity between good and poor glasses fitting were performed using student t-test. 
Comparisons in visual acuity between different ocular alignments were performed using ANOVA. The signi-
ficance was set at 0.05. All calculations were performed with use of SPSS for Windows software (version 17; 
SPSS, Chicago, Illinois, USA). 

3. Results 
Excluding incomplete data, a total of 338 junior high students enrolled in this study, including 166 boys (49%) 
and 172 girls (51%). They were all seventh grade students with an average age of 13 (range 11 - 14 years old)  
 

 
(a) 

 
(b) 

 
(c) 

Figure 1. The poor suitability of spectacles. (a) The glasses 
PD was greater than the binocular PD; (b) Poor quality of lens 
transparency; (c) The glass frame was tilting.                          
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(Table 1). The students did not have any ocular diseases except for the refraction error and the ocular malalign-
ment. The mean refraction condition was −2.17D (SD ± 1.86). Sixty-nine students (20%) had emmetropia, and 
the mean refraction was −0.31D (SD ± 0.32). Only eight students (2%) had hyperopia with the mean refraction + 
1.33D (SD ± 1.08). Two-hundred and sixty-one students (78%) had myopia with the mean refraction −2.77D 
(SD ± 1.07). Only 15 students (4.54%) kept using the cycloplegic agents before sleep. No students wore ortho-
keratology lenses or contact lenses. Among the myopia group under the autorefraction examination (Figure 
2(a)), 312 eyes (60.0%) belonged in the low myopia group (0 - −3D), 189 eyes (36.2%) included in the mod-
erate myopia group (−3D - −6D), and 21 eyes (4.0%) were in the high myopia group (≤−6D). 

One hundred and seven students (32%) who were diagnosed with myopia did not wear spectacles and had the 
mean refraction of −1.58D (SD ± 0.78) (Table 2). One hundred and fifty-four students (46%) had spectacle pre-
scriptions and the mean refraction was −3.60D (SD ± 1.62). However, 42.8% (66/154) of these students had 
poor fitting spectacles with mean refraction of −3.95D (SD ± 1.86). The students in the good fitting spectacles 
group had the mean refraction error of −3.42D (SD ± 1.39). By the lineal regression analysis, the relationship 
within the myopia refraction and spectacle prescription revealed a moderate association (R2 = 0.671, p < 0.01) 
(Figure 2(b)). The spectacle prescription generally presented undercorrection by 75% in this study. Under the 
condition, if the refraction showed −2.0D, then the spectacle prescription was −1.21D. But, if the refraction was 
−6.0D, the spectacle fitting became −4.28D. 

According to the multiple linear regression analysis (Table 3), the spectacle suitability and ocular alignment 
demonstrated significant effect on refractive error condition (p < 0.05), while the gender and the head position 
did not (p = 0.06 & p = 0.37). Specifically, the effects of ocular alignment were examined first. The incidence of 
exophoria accounted for 48.79%, which was higher than the incidence of orthotropia (40.61%) (Figure 3(a)). 
The exotropia rate was 7.58%, and both of the esophoria or esotropia were 1.22%. Two students were diagnosed 
with heterotropia (0.61%). The mean refraction in the group of orthotropia, exophoria, and exotropia was −1.34D 
 

Table 1. Demographic characteristics (N = 338).                                             

Variables Mean (SD) % 

Age (years) 12.75 (1.30)  

Mean spherical equivalent (MSE) −2.17 (1.86)  

Stereoacuity (second) 120.47 (183.63)  

Gender   

Male (n = 166)  49% 

Female (n = 172)  51% 

Refraction error   

Myopia (n = 261)  78% 

Hyperopia (n = 8)  2% 

Emmetropia (n = 69)  20% 

Head position (normal) (n = 293)  87% 

 
Table 2. Refraction condition of students.                                                  

Variables N Diopter mean ± SD 

Total student 338 (100%) −2.17 ± 1.86 

Hyperopia 8 (2%) 1.33 ± 1.08 

Emmetropia 69 (20%) −0.31 ± 0.32 

Myopia 261 (77%) −2.77 ± 1.67 

Without glasses 107 (32%) −1.58 ± 0.78 

With glasses 154 (46%) −3.60 ± 1.62 

Good fitting 88 (26%) −3.42 ± 1.39 

Poor fitting 66 (20%) −3.95 ± 1.86 
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Figure 2. (a) Among the myopia group under the autorefraction examination, 214 eyes (41.00%) 
belonged in the low myopia group (0 - −3D), 255 eyes (48.85%) included in the moderate myo-
pia group (−3D - −6D), and 53 eyes (10.15%) were in the high myopia group (<−6D); (b) By the 
lineal regression analysis, the relationship within the myopia refraction and spectacle prescription 
revealed a strong association (R2 = 0.671, p < 0.01). The spectacle prescription generally pre-
sented under correction by 75% in this study. - -, dash line stand for the line of equivalence; (c) 
One hundred and fifty-four students had spectacle prescriptions, including 88 good fitting and 66 
poor fitting. Those students with poor fitting spectacles had mean refraction of −3.95D (SD ± 
1.86D), compared to mean refraction of −3.42D (SD ± 1.39D) in good fitting group. Meanwhile, 
the subtraction of spectacle prescription from refraction errors showed a lower mismatch in the 
good fitting group. *p < 0.05, compared to poor fitting group.                                             

 
± 0.23D, −3.04D ± 0.19D, and −2.37D ± 0.35D, respectively. The students with exotropia and exophoria were 
found to be more myopic compared to the ones with orthotropia (p < 0.05). No such differences could be de-
tected in esophoria, esotropia and heterotropia groups (Figure 3(b)). The mean refraction in the group with he-
terotropia was −3.32D (SD ± 1.14) and was the highest one among all the other groups, but the limited case  
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Table 3. Effect of risk factors of myopia on diopter, multiple linear regression analyses (n = 330).                                   

 β† ± SE# p value 95% CI 

Gender −0.083 ± 0.178 0.10 −0.647 - 0.053 

Suitability of glasses −0.123 ± 0.178 0.01* −0.792 - −0.092 

Head position −0.028 ± 0.218 0.58 −0.620 - 0.345 

Stereoacuity −0.025 ± 0.242 0.63 −0.594 - 0.358 

Eye positions    

Exotropia vs. orthotropia −0.169 ± 0.354 0.00* −1.84 - −0.45 

Esotropia vs. orthotropia −0.013 ± 0.815 0.79 −1.82 - 1.39 

Exophoria vs. orthotropia −0.494 ± 0.190 0.00* −2.15 - −1.40 

Esophoria vs. orthotropia −0.074 ± 0.815 0.14 −2.82 - 0.39 

Heterotropia vs. orthotropia −0.100 ± 1.14 0.04* −4.54 - −0.06 
†β, standardized partial regression coefficient; #SE, standard error; *p < 0.05. 
 

 
Figure 3. (a) The distribution of each eye position; (b) The box-and-whisker 
plot of diopter of myopia versus different eye position. The students with exo-
tropia and exophoria were found to be more myopic compared to the ones with 
orthotropia (p < 0.05). - - -, dash line stand for mean. ▲, stand for 5th and 95th 
percentile. *p < 0.05, compared with diopter of orthotropia.                                   
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number (n = 2) failed to prove the difference. 
The effect of suitability of spectacles was investigated. 42.2% (66/154) of these students who had poor fitting 

spectacles had significantly decreased refraction as compared to those in the good fitting spectacles group, 
(mean refraction −3.95D ± 1.86D versus −3.42D ± 1.39D, respectively) (p < 0.05) (Figure 2(c)). 

For the stereoacuity test (Table 4), gender did not play a significant role, nor did the refraction condition or 
spectacle wearing. However, the ocular alignment correlated with the stereoacuity (p = 0.03). The stereoacuity 
in the group of exotropia and exophoria were significantly more limited than the one in the group of orthotropia 
(p = 0.02 & 0.03) (Figure 4). 
 
Table 4. Effect of risk factors of stereoacuity on myopia, eye position and diopter on multiple linear regression analyses (n = 
330).                                                                                                             

 β† ± SE# p value 95% CI 

Gender 0.055 ± 0.041 0.32 −0.040 - 0.122 

Suitability of glasses −0.032 ± 0.042 0.56 −0.110 - 0.058 

Head position 0.145 ± 0.056 0.00* 0.038 - 0.259 

Diopters −0.030 ± 0.013 0.63 −0.032 - 0.019 

Eye positions    

Exotropia vs. orthotropia 0.126 ± 0.083 0.03* 0.015 - 0.340 

Esotropia vs. orthotropia −0.036 ± 0.188 0.52 −0.493 - 0.249 

Exophoria vs. orthotropia 0.099 ± 0.049 0.13 −0.023 - 0.172 

Esophoria vs. orthotropia −0.038 ± 0.189 0.50 −0.501 - 0.243 

Heterotropia vs. orthotropia −0.041 ± 0.265 0.45 −0.720 - 0.322 

†β, standardized partial regression coefficient; #SE, standard error; *p < 0.05. 
 

 
Figure 4. The box-and-whisker plot of stereoacuity versus different eye position. The ste-
reoacuity in the group of exotropia and exophoria were significantly more limited than the 
one in the group of orthotropia (p = 0.02 & 0.03). - - -, dash line for mean. ▲, stand for 5th 
and 95th percentile. *p < 0.05, compared with stereoacuity of rthotropia.                              
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4. Discussion 
The most significant findings in the present study were that spectacle suitability and ocular alignment played a 
degree of association in the refractive error and stereoacuity in the juvenile population in southern Taiwan. Mai-
liao junior high school is located in the rural area of Taiwan; however, the prevalence of myopia was as high as 
78%. Compared with the metropolitan area in Taiwan with a massively intensive education system, the students 
in rural region did not have too much reading work and had more time for outdoor activities. However, the pre-
valence of refractive error was still high. Although literature has suggested that watching TV and playing video 
games or working on the computer at home did not differ between myopes and emmetropes [8], lack of modern 
pediatric ophthalmologists or optometrists service in this rural area might play a role in the high refraction error. 
The students usually had spectacles from frame stores and thus could not have their refraction error properly ad-
dressed. Education of safe and efficient spectacle prescription was an issue for all the ophthalmologists and the 
care-providers from schools to prevent further damage and myopia progression. 

The under-fitting-spectacles could not provide a good visual function for the students and might result in high 
myopia. Students wore unsuitable spectacles usually had some problem such as frame tilt and distortion could 
cause eye soreness, headache, and reading problems. Improper pupillary distance would result in vision distor-
tion from the prism effect of the two myopic lenses, which could cause eye strain, tearing and redness of the 
eyes. For example, when an exophoria patient wore the spectacles with PD longer than needed, the patients 
needed to do more convergence in order to compensate the prism effect from the lenses. Burian et al. reported 
the exotropia was divergence excess and convergence insufficiency [26]. Mohney and Huffaker [27] found 
children with convergence insufficiency represented a relatively common form of exotropia, comprising 11.5% 
of the study patients. In those exophoria patients, the two eyes did not focus together at all times. The defocused 
image might have effects in the peripheral vision to trigger the myopia progression. Furthermore, Green et al. 
[22] advocated patients with exophoria often converted more pseudomyopia in order to avoid crossed diplopia, 
the weak interni call for extra stimulation. The stimulus, besides being sent to the converging muscles, might be 
sent to an equal amount to the ciliary muscles, causing sufficient accommodation, not only to correct the hyper-
opia, but to even overcorrect it, and produce a pseudomyopoia [24]. In our study, the participants with exophoria 
were found to be more myopic. 

The association between exophoria and myopia became more obvious when considering ethnicity. Govindan 
et al. and Greenberg et al. claimed the XT (exotropia):ET (esotropia) ratio was 35:65 in USA [16] [17]; and 
Robaei et al. also revealed the ratio was 35:65 in Australia [28]. However, recent studies suggest that Asian 
strabismus patterns were different from those in the Western societies. Chia et al. showed the XT:ET ratio was 
73:27 in Chinese Singaporeans [19]. Yu et al. found the changing patterns of strabismus in Hong Kong in the 
past two decades with XT:ET ratio 27.4:20.3 [20]. In Korea, Rah et al. estimated the intermittent exotropia is the 
most common type of strabismus and occurred more prevalently in Asian than in Caucasian populations [24]. In 
addition, Chia et al. further demonstrated differential patterns of refractory errors in XT and ET groups. Forty 
three percent (43%) of the XT groups were myopia and 4% were hyperopia. In contrast, myopia was present in 
22% of ET groups while 28% were moderate hyperopes [19]. Maths et al. also claimed that esotropia showed a 
more pronounced hypermetropia than exotropia cases [29]. In the present study, exotrope (exophoria and exo-
tropia) groups carried higher myopia, as contrasted to ET groups who had less myopia. In the regression model, 
the XT was displayed to play a role in high myopia. Hence we suggested that exophoria was a predisposing fac-
tor of myopia, and deserved further investigation and intervention. 

Lens transparency is important to provide a good vision function; poor lens transparency usually induces eye 
strain, itching and soreness. From our study, the effect of poor-fitting spectacles resulted in a poor visual acuity, 
which suggests that the ophthalmologists and the public health workers need to work on proper and good-fitting 
spectacles. 

The other important findings were that stereoacuity was associated with ocular malalignment. In Taiwan, the 
students usually had visual acuity examination twice a year in the school by school nurses. O’Donoghue et al. 
stated that visual acuity measures did not reliably detect childhood refractive error [30]. Robinson et al. also 
found the measurement of the validity of a vision screening program should contain the visual acuity, stereoacu-
ity, and ocular alignment [31] but the school nurses and health care providers in rural areas were not familiar 
with the ocular alignment assessment. Titmus test provided a good alternative to demonstrate the eye malalign-
ment because there was a good correlation between the stereoacuity and ocular alignment. We suggested that 
students undergo both the visual acuity and the stereoacuity test for yearly survey. This approach could provide 
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important information regarding the myopia and ocular alignment for early intervention. 
Several limitations should be acknowledged in this study. First, refraction errors were determined in a non- 

cylcoplegic pattern. Because this study was a school-based design by cross-sectional survey, the cylcoplegic 
agents were not prescript in the school and the students also refused to dilate the pupil because of their previous 
experience of blurriness of close objects and photophobia. A definition of myopia for adults from the Eye Dis-
eases Prevalence Research Group was utilized [23]. Even though the estimation of refractive error condition was 
not cycloplegic, the relationship between the myopia and spectacles suitability and ocular alignment should still 
parallel. Further study is suggested to document the association of the myope and ocular alignment under the 
cycloplegic condiion. Second, this study was limited by its small number. More public health surveys and long- 
time cohort studies are suggested. 

5. Conclusion 
The prevention and treatment for adolescent myopia should be highlighted as an important public health prob-
lem. It is urgent and critical to seek effective treatment to ameliorate the progression of myopia to prevent ocular 
diseases in Taiwan. Further, the poor-fitting spectacles cause the deteriorating factors for myopia progression. 
The myopic adolescents with eye position of exophoria and exotropia have more tendencies for high myopia. 
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