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ABSTRACT 

 

Importance: Longitudinal data on visual outcome of correctable visual impairments 

(VI) are of paramount importance for decision-maker to estimate burden and demand 

to treat avoidable VI. 

Background: To assess the 5-year visual outcome among participants with 

correctable VI and to identify associated risk factors. 

Design: Population-based longitudinal cohort study. 

Participants：Participants with correctable VI at baseline attended the 5-year 

follow-up visit of the Liwan Eye Study. 

Methods: Presenting visual acuity (PVA) with habitual refractive correction was 

assessed using an Early Treatment Diabetic Retinopathy Study (ETDRS) chart. Then 

participants with PVA<20/40 in either eye underwent further non-cycloplegic 

subjective refraction to obtain their best-corrected visual acuity. Correctable VI was 

defined as having a PVA of <20/40 in the better eye which could be improved to 

≥20/40 after refractive correction.  

Main outcome measures：5-year visual outcome among participants with 

correctable VI. 

Results: Among 1405 participants at baseline examination, 188 (13.4%) had 

correctable VI, of whom 118(62.8%) were re-examined at the 5- year follow-up, 

including 39(33.9%) who progressed to non-correctable VI, 43(37.4%) who had 

persistent correctable VI, and 33(28.7%) who were converted to normal vision. In 

multivariate logistic regression, compared to participants who were no longer visual 

impaired, significant risk factors for participants with persistent VI were older, had 

income<1000RMB/month, and more myopia spherical equivalent.  
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Conclusions: Over 2/3 participants with correctable VI remained to have VI after 5 

years, among whom 50% are correctable by spectacles, highlighting the need to 

improve the refractive care accessibility to treat avoidable VI in China. 

 

Key words: Correctable visual impairment, non-correctable visual impairment, 

longitudinal cohort study 
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INTRODUCTION 

 

According to World Health Organization estimation, there were 39 million people living 

with blindness and 246 million people with low vision worldwide, 1and these numbers 

are likely to increase in the aging society. Visual impairment (VI) hampers daily 

activities and quality of life, especially for elderly people.2-4 Previous population-based 

studies have reported uncorrected refractive error as the major cause of VI among 

older population, with 22% ~71.4% of which can be easily corrected by spectacles or 

surgeries.5-7 It has been suggested that providing appropriate correction for refractive 

errors is a cost-effective intervention with huge functional improvement.8 The “Vision 

2020 -The Right to Sight” initiative has included refractive errors correction as an 

essential part of the strategy for the elimination of avoidable VI and blindness.9 

 

Previous studies on correctable VI were mostly cross-sectional in design, and little was 

known about the progression of correctable VI. Population-based longitudinal data on 

visual outcome among people with correctable VI are of paramount importance for 

decision-maker to estimate the burden and demand to treat avoidable VI. The purpose 

of this study was to assess the outcome of correctable VI over a 5-year period, as well 

as its associated risk factors, among older adults in urban southern China. 

 

METHODS 

  

Detailed methodology of the current study had been reported elsewhere.10 In brief, 

the Liwan Eye Study was a population-based study initiated in 2003, and all baseline 

participants were invited to participate in the 5-year follow up examination. Overall, 

1405 of 1864 eligible subjects (age range: 50~93 years, mean age: 65.3 years) 
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attended the baseline eye examinations in 2003 (participant rate of 75.4%). At the 

5-year follow up examination in 2009, 924 of 1232 survivors (baseline age range: 

50~89 years. mean age: 63.4 years) attended (response rate of 75%).Ethical 

approval was obtained from the Zhongshan Ophthalmic Center Ethics Review Board 

and the Research Governance Committee of Moorfields Eye Hospital in London, 

England. The study was conducted in accordance with the tenets of the World Medical 

Association’s Declaration of Helsinki. Written informed consent was obtained from all 

subjects. 

 

All baseline and follow-up examinations were conducted under the same protocol. 

Presenting visual acuity (PVA) was measured with an Early Treatment Diabetic 

Retinopathy Study (ETDRS) visual chart with habitual refractive correction by an 

experienced optometrist. Measurement of VA began at the top line (20/200) with a 

distance of 4 meters. If the participant correctly read at least 4 of the 5 optotypes, the 

testing continued to line 5 (20/100), line 7 (20/50), line 10 (20/25), and line 11 

(20/20). If the participant was unable to read 4 of the 5 optotypes at any one level, 

the line above the failed line was tested, until the participant successfully read all the 

optotypes. If the participant could not recognize the optotypes of the top line at 4 

meters, the participant was asked to move to 2 meters and then to 1 meter, 

progressing down the chart as described earlier. The lowest line recognized 

successfully was recorded as the PVA for the eye. Finger counting (FC), hand motions 

(HM), light perception (LP), or no light perception (NLP) was further assessed for 

participants with PVA < 20/ 400. Participants with a PVA of <20/40 in either eye 

underwent further non-cycloplegic subjective refraction to obtain their best-corrected 

VA (BCVA) at monocular fashion.  

Detailed eye examination was carried out by an experienced ophthalmologist (M.H.) 
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using a slit lamp (Topcon SL-8Z, Topcon Inc, Tokyo, Japan) and +78D lens (at 16x 

magnification), both before and after of pupil dilation. Noncycloplegic refraction data 

were obtained using a handheld auto-refractor (ARK-30; Nidek, Crop, Gamagori, 

Japan) and spherical equivalent (SE) was calculated as sphere plus 1/2 of the cylinder. 

A questionnaire was also conducted to obtain personal information including age, 

gender, patients' income, education level, hypertension, diabetes, and other medical 

history. Hypertension and diabetes was defined based on self-reported history. 

 

United States (US) criteria for visual impairment and blindness was used in this current 

study. Visual impairment (VI) was defined as VA <20/40 in the better-seeing eye. 

Correctable VI was defined as participants with presenting VI in the better eye that 

could be improved to a BCVA of ≥20/40 after subjective refraction, while 

non-correctable VI was defined as participants with presenting VI in the better eye 

that couldn’t be improved to normal or near normal after subjective refraction. 

Persistent correctable VI was defined as participants with correctable VI at baseline 

remained have correctable VI at the 5-year follow-up examination.  

 

Statistical analysis 

All statistical analyses were performed using Stata (ver. 10.0; Stata Corp., College 

Station, TX). Participants with missing values for PVA or BCVA both at baseline and 

5-year follow-up visit were excluded from this current analysis. The 5-year progression 

of baseline correctable VI by age and gender was calculated. Age was defined as the 

age at baseline in the current analysis. . Student’s t-test was used to compare 

continuous variables, while Pearson X2 or Fisher’s exact test were used for the 

comparison of categorical data. Univariate and multiple logistic regression models 

were used to investigate the associations of persistent VI with potential risk factors, 
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such as age, gender, education, income, hypertension, diabetes, and baseline SE, 

odds ratios (OR) with 95% confidence intervals (CI) are presented.  Risk factors for 

developing from correctable VI to non-correctable VI were also investigated using 

univariate and multiple logistic regression models. A P value of <0.05 was considered 

as statistically significant. 

 

RESULTS 

 

Among the 1405 participants at baseline examination, visual acuity data were not 

available in 6 participants who were unfit for examination, leaving 1399 people 

available for the current analysis, Of the 1399 participants with complete examination 

data, 1079 (77.1%) had no VI, 132 (9.4%) had non-correctable VI and 188 (13.4%) 

had correctable VI. The prevalence of correctable VI increased with age, from 6.5% in 

the 50-59 years age group to 21.5% in the 70+ years age group (P <0.0001) . The 

prevalence of correctable VI was the same for male and female gender(13.4%, 

P=0.997) (Table 1). 

 

Table 1: Prevalence of visual impairment (VI) at baseline by age and gender 

 

Age Group 
 

Total 
number 

No visual 
impairment N 

(%) 

Correctable VI 
N (%) 

Non-correctable VI 
N (%) 

With vision 
improvement 

Without vision 
improvement  

Men      
50-59 years 210 197(93.8) 13(6.2) 0 0 
60-69 years 175 142(81.1) 26(14.9) 5(2.9) 2(1.1) 
+70years 225 146(64.9) 43(19.1) 23(10.2) 13(5.8) 

Total 610 485(79.5) 82(13.4) 28(4.6) 15(2.5) 
Women      
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50-59 years 264 245(92.8) 18(6.8) 3(1.1) 0 
60-69 years 228 194(85.1) 19(8.3) 18(7.9) 3(1.3) 
+70years 297 155(52.2) 69(23.2) 95(32.0) 10(3.4) 

Total 789 594(75.3) 106(13.4) 116(14.7) 13(1.7) 
Combined      

50-59 years 474 442(93.3) 31(6.5) 1(0.2) 0 
60-69 years 403 336(83.4) 45(11.2) 17(4.2) 5(1.2) 
+70years 522 301(57.7) 112(21.5) 86(16.5) 23(4.4) 

Total † 1399 1079(77.1) 188(13.4) 104(7.4) 28(2.0) 

† Of 1405 participants, 6 VA missed for being unfit for examination. 

 

Among the 188 participants with baseline correctable VI, 25(13.3%) died and 6 (3.19%) 

relocated during the 5-year follow up, leaving 157 participants (83.5%) eligible for 

follow-up examination. In addition, 31 participants (19.7%) refused and 8 (5.1%) 

couldn’t be contacted, thus a total of 118 participants (75.2% of 157 eligible) were 

re-examined at the 5 year follow-up. Another 3 participants were further excluded 

because of missing data on VA at 5-year follow-up examination. Of the remaining 115 

participants with baseline correctable VI, 43 (37.4%) had persistent correctable VI, 39 

(33.9%) progressed to non-correctable VI, and 33 (28.7%) were no longer VI over 

5-year period (Table 2). Of the 43(37.4%) participants with persistent correctable 

impairment, 20 (46.5%) could be improved from PVA of <20/40 ~ ≥20/63, 22 (51.2%) 

from <20/63 ~ ≥20/200 and 1 (2.3%) from <2/200 to visual acuity ≥20/40 after 

refractive correction. Among the 39 participants with non-correctable VI at 5-year 

follow-up, cataract (26 participants, 66.7%) was the most frequent primary cause, 

followed by myopic degeneration (8 participants, 20.5%), epiretinal membranes (2 

participants, 5.1%), primary open angle glaucoma (1 participants, 2.6%), diabetic 

retinopathy (1 participants, 2.6%), and age-related maculopathy (1 participants, 2.6%). 

 

Table 2: Five-year visual outcomes of correctable visual impairment (VI) by age and 

gender 
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Age Group 
 

Total 
number 

No longer 
visually 
impaired 
N (%) 

Persistent 
Correctable 

VI 
N (%) 

Non-correctable VI 

With vision 
improvement but still 

<20/40 
N (%) 

Without vision 
improvement at all  

N (%) 

Men      
50-59 

years 
9 3(33.3) 6(66.7) 0 0 

60-69 
years 

11 6(54.6) 1(9.09) 4(36.4) 0 

+70years 8 2(25.0) 1(12.5) 4(50.0) 1(12.5) 
Total 28 11(39.3) 8(28.6) 8(28.6) 1(3.6) 

Women      
50-59 

years 
14 3(21.4) 8(57.1) 3((21.4) 0 

60-69 
years 

10 5(50.0) 4(40.0) 1(10.0) 0 

+70years 20 5(25.0) 6(30.0) 8(40.0) 1(5.0) 
Total 44 13(29.6) 18(40.9) 12(27.3) 1(1.3) 

Combined      
50-59 

years 
27 7 (25.9) 17(63.0) 3(11.1) 0 

60-69 
years 

33 13(39.4) 12(36.4) 6(18.2) 2(6.06) 

+70years 55 13(23.6) 14(25.5) 24(43.6) 4(7.3) 
Total 115 33(28.7) 43(37.4) 33(28.7) 6(5.2) 

 

Compared to those who were no longer visually impaired at 5-year follow-up, 

participants with persistent correctable VI and non-correctable VI had a more myopic 

SE (-2.41D vs. -0.10 D, P=0.0063) at baseline. Participants with low 

income<1000RMB/month (58.0% vs 39.4%, P=0.071) tended to have persistent VI 

although this was not statistically significant. No statistically significant differences 

were found between baseline age, gender, education, hypertension, diabetes, and 
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baseline PVA in better-seeing eye across the two groups. In multivariate logistic 

regression, significant associated factors for participants with persistent VI were older 

(OR=3.58, 95%CI=1.14~11.2, P=0.029), had income<1000RMB/month (OR=2.96, 

95%CI=1.10~7.99, P=0.032), and more myopia SE (OR=0.82 per increased diopter, 

95%CI=0.71~0.95, P=0.007)(Table 3). 

 

Compared to those with persistent correctable VI at 5-year follow-up, participants who 

developed to non-correctable VI were older 71.8% vs 32.6%, P<0.001).More myopia 

SE tended to have non-correctable VI (-3.14±4.16 vs -1.82±4.35，P=0.1858)although 

this was not statistically significant. No statistically significant differences were found 

between baseline gender, education, income, hypertension, and diabetes across the 

two groups. In multivariate logistic regression, significant risk factors for developing to 

non-correctable VI were old age (OR=10.5, 95%CI=2.38~46.6, P=0.002) and more 

myopia SE (OR=0.79 per increased diopter, 95%CI=0.67~0.93, P=0.005) (Table 4). 
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Table 3: Association analysis of participants with persistent visual impairment and those no longer visually impaired at the 5-year 

follow-up examinations 

 

Characteristic With VI at follow-up 
N (%) 

Without VI at follow-up 
N(%) 

Univariate Analysis  Multivariate analysis† 

OR (95%CI) P-value  OR(95%CI) P-value 

Total number 82(100) 33(100)      
Age         

<70years (%) 40(48.8) 20(60.6) Ref    Ref  
≥70years(%) 42(51.2) 13(39.4) 1.62(0.71,3.67) 0.253  3.58(1.14,11.2) 0.029 

Female (%) 48(58.5) 20(60.6) 0.92(0.40, 2.09) 0.838  0.57(0.21,1.65) 0.313 
Without education (%)  49(60.5) 20(60.6) 1.00(0.44,2.29) 0.991  0.52(0.16,1.69) 0.277 
Low income (<1000 RMB/month, %) 47(58.0) 13(39.4)  2.13(0.93,4.86) 0.073  2.96(1.10,7.99) 0.032 
Hypertension (present, %) 31(37.8) 17(53.1) 0.54(0.23, 1.22) 0.139  0.50(0.18,1.37) 0.176 
Diabetes (present, %) 11(13.4) 4(12.2) 1.12(0.33,3.82) 0.852  3.54(0.72,17.4) 0.119 
Spherical equivalent(D, Mean±SD ) -2.41±4.29 -0.10±3.13* 0.85(0.73,0.96) 0.009  0.82(0.71,0.95) 0.007 

*P<0.05 

Abbreviations: VI= Visual impairment; OR= Odds Ratio; 95%CI=95% Confidence interval; Ref=reference; D=Diopter; SD 

=Standard deviation   

†Adjusted for age, gender, education status, levels of monthly income, hypertension, diabetes, and spherical equivalent 
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Table 4: Association analysis of participants with persistent correctable visual impairment and those who progressed to 

non-correctable visual impairment at the 5-year follow-up examinations 

 

Characteristic persistent correctable VI  
N (%) 

non-correctable VI 
N(%) 

Univariate Analysis  Multivariate analysis† 

OR (95%CI) P-value  OR(95%CI) P-value 

Total number 43(100) 39(100)      
Age         

<70years (%) 29(67.4) 11(28.2) Ref   Ref  
≥70years(%) 14(32.6) 28(71.8) * 5.27(2.04,13.6) 0.001  10.5(2.38,46.6) 0.002 

Female (%) 27(62.8) 21(53.9) 0.69(0.29, 1.67) 0.412  0.33(0.10,1.13) 0.078 
Without education (%)  22(51.2) 27(71.1) 2.34(0.93,5.89) 0.070  2.54(0.56,11.4) 0.225 
Low income (<1000 RMB/month,%) 27(62.8) 20(52.6) 0.66(0.27,1.59) 0.356  0.66(0.21,2.12) 0.487 
Hypertension (present,%) 17(39.5) 14(35.9) 0.86(0.35, 2.10) 0.735  0.72(0.22,2.37) 0.590 
Diabetes (present,%) 6(14.0) 5(12.8) 0.91(0.25,3.25) 0.881  1.11(0.22,5.68) 0.903 
Spherical equivalent(D , Mean±SD ) -1.82±4.35 -3.14±4.16 0.93(0.83,1.04) 0.190  0.79(0.67,0.93) 0.005 
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*P<0.05 

Abbreviations: VI= Visual impairment; OR= Odds Ratio; 95%CI=95% Confidence interval; Ref=reference; D=Diopter; SD 

=Standard deviation   

†Adjusted for age, gender, education status, levels of monthly income, hypertension, diabetes, and spherical equivalent 
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DISCUSSION 

 
Our analysis showed that 13.4% of those aged 50 years and older in this urban district 

had correctable VI at baseline. During the 5-year follow up period, approximately 1/3 

of these people remained correctable VI, another 1/3 progressed to non-correctable 

VI, whereas the remaining 1/3 were no longer visual impaired. Significant risk factors 

for participants with persistent VI were older, had income<1000RMB/month, and more 

myopia SE. Older age and more myopia SE were risk factor for developing from 

correctable VI to non-correctable VI . We believe that our results could help better 

understanding the natural course of correctable VI and aid in making future strategic 

planning. 

 

The prevalence of correctable VI at baseline was 13.4%. This is much higher than that 

of the Blue Mountains Eye Study (age>49 years),11which reported that 7.5% of the 

participants had correctable VI, it was also higher than what was found in the Shihpai 

Eye Study(9.55%),12,the SEE project(5.6% of whites and 10.4% of blacks), 13and the 

Baltimore Eye Survey(7.8%).14 We believe that the relative higher prevalence of 

correctable VI in this current study was attributable to social economic status and less 

accessibility of eye care service. Increasing age was the most important predisposing 

factor for developing correctable VI in our study, this is consistent with the Blue 

Mountains Eye Study11 and the Shihpai Eye Study12 and was confirmed by our 

longitudinal analysis that showed older age was a significant risk factor for participants 

with persistent correctable VI.  Myopic shift secondary age-related nuclear opacity 

might compromise distance vision and in part contribute to the correctable VI cases at 

follow-up visit.  

 

During the 5-year period, 71.3% of the participants with correctable VI at baseline 
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remained to have VI, of which 37.4% were persistent correctable VI. This is higher 

than the 27.2% reported by Blue Mountain Eye Study.15 This may be due to a 

difference in social-economic characteristics between these two countries. People in 

less developed areas might have lower awareness and less utilization of eye care 

services. Economic status might be another barrier to the accessibility of eye services. 

  

There were 33.9% of participants with correctable VI at baseline that developed 

non-correctable VI, most of them were secondary to the development of age-related 

eye disease, such as cataract. Many population-based studies showed that cataract 

was the leading cause of BCVA based VI and blindness.5,16,17 Cataract surgery might 

be of help to reduce the number of uncorrectable VI. 

 

We found a significant association between income and 5-year outcomes of 

correctable VI in our study. People with lower income tended to have persistent VI. In 

the Blue Mountains eye study,18 higher prevalence of under-corrected refractive error 

was found in those receiving a government pension, who were trades persons or 

laborers, with a lower educational status. People with lower income may have lower 

degree of health awareness, or less likely to seek medical aid or accept treatment. This 

is especially true in China, as the Chinese health insurance system mainly covers 

chronic systemic diseases, and the reimbursement ratio for eye disease is relatively 

low. Financial considerations have often been identified as the primary reason for 

non-attendance to eye care services, for example the unaffordability for cataract 

surgery, or failure to purchase spectacles19,20. The survey in Timor-Leste showed that 

96% of persons who needed spectacles were willing to wear them, but half of them 

were not willing to pay15. In summary, these findings suggest that both perceived 

costs of attending an eye care practitioner and lack of knowledge of the potential 
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benefits from refractive correction inhibit many people from seeking assistance. 

 

Many cross-sectional studies found that myopia was an independent risk factor for 

correctable VI.15 Our results also demonstrated that participants with myopic SE are at 

highest risk of having persistent correctable visual impairment or non-correctable VI. 

It is partly because that unlike hyperopia which caused blurred vision both at far and 

near distance, people with myopia and potentially better near vison might have 

satisfied with their vision in daily life and therefore ignore need for a glasses to obtain 

better distance vision. 

 

Strengths of the current study include a population-based design and the availability 

of longitudinal data on correctable VI. Several potential limitations of this study needs 

to be mentioned. The relatively low follow-up rate may influence the validity of our 

results. In addition, considering that younger subjects were more likely to participate 

in the five-year follow-up examinations, the outcomes of those with persistent 

correctable VI may be underestimated. 

In conclusion, our study indicated that among participants with correctable VI at 

baseline, 1/3 had persistent correctable VI and 1/3 was converted to normal or near 

normal over a 5-year period. Our findings provide evidence for the necessities in 

providing appropriate refractive correction service for people in need (potentially 

falling into the correctable VI category). Although simple spectacles correction may 

eliminate a large proportion of VI, patient awareness is another issue to be solved. 

Both economic factors and lack of patient awareness for the need of refractive 

correction should be taken into consideration in the future health planning process. 
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