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Purpose: To assess the potential of a health examination center-based screening model in improving service for uncorrected refractive error.

Methods: Individuals aged ≥18 years undergoing the routine physical examinations at a tertiary hospital in the northeast China were invited. Presenting visual acuity, noncycloplegic autorefraction, noncontact tonometry, fundus photography, and slit-lamp examination were performed. Refractive error was defined as having spherical equivalent ≤ -0.75 D or ≥ +1 D and uncorrected refractive error was considered as refractive error combined with presenting visual acuity < 6/12 in the better eye. Costs for the screening were assessed.

Results: A total of 5,284 participants (61 ± 14 years) were included. The overall prevalence of myopia and hyperopia was 38.7% (95% CI, 37.4–40.0%) and 23.5% (95% CI, 22.3–24.6%), respectively. The prevalence of uncorrected refractive error was 7.85% (95% CI, 7.13–8.58%). Women (p < 0.001 and p = 0.003), those with age ≥ 70 years (p < 0.001 and p = 0.003), and myopia (p < 0.001 and p < 0.001) were at higher risk of uncorrected refractive error and uncorrected refractive error-related visual impairment. Spectacle coverage rate was 70.6% (95% CI, 68.2–73.0%). The cost to identify a single case of refractive error and uncorrected refractive error was US$3.2 and US$25.2, respectively.

Conclusion: The prevalence of uncorrected refractive error is high in the urban Chinese adults. Health examination center-based refractive error screening is able to provide an efficient and low-cost model to improve the refractive services in China.

Keywords: uncorrected refractive error, spectacle coverage, opportunistic screening, health examination center, refractive service


INTRODUCTION

Uncorrected refractive error (URE), predominantly myopia, is the most common cause of moderate and severe visual impairment and the second leading cause of blindness globally, imposing a significant public health burden to the society (1, 2). Despite the relatively low cost of refractive correction, such as spectacles, the prevalence of URE remains high (3, 4). The main barrier keeping the affected adults from seeking refractive services is the absence of convenient and low-cost access to the healthcare delivery system (5).

China is one of the countries facing the greatest burden of refractive error (RE) (6). The prevalence of myopia in Chinese adults ranges from 21.1 to 62.9% (7–11). Meanwhile, China is experiencing the challenge of the high and growing prevalence of myopia among children and young adults, which is leading, in turn, to a growing burden of high myopia in adults (12). Refractive service is not well established and even absent in some underserved regions in China. Reorganizing eye care to the coexist established health services may be a way forward.

Health examination centers are well-established public health delivery system in China, which provide screening tests for early detection of specific diseases or risk factors among the population at large. People come to these centers for a general evaluation of their health status, either by the individual or organized by their employers. There are nearly 10,000 health examination centers across China covering a population of 700 million (13). These centers provide a unique platform for the screening of vision-threatening eye diseases. In this study, we report the efficacy of health examination center-based RE screening and referral among adults aged ≥18 years.



MATERIALS AND METHODS

This single-center, cross-sectional study was approved by the Ethics Committee of the Fourth People's Hospital of Shenyang and was conducted according to the tenets of the Declaration of Helsinki. The Committee determined that informed consent was not required, as data were collected in deidentified fashion and used for the purposes of health service monitoring.


Ocular Examinations

All the participants aged ≥18 years presenting to the health examination center of the Fourth People's Hospital of Shenyang from March 1 to April 30, 2017 were invited to attend. Three trained nonmedical staff conducted the ocular examinations including assessment of presenting visual acuity (PVA) (uncorrected if the participant did not own spectacles and with distance spectacles if worn), noncontact pneumotonometry (CT−1P Computerized Tonometer, Topcon Ltd., Tokyo, Japan), noncycloplegic autorefraction (ARK-510A, Nidek Co., Ltd., Tokyo, Japan), and nonmydriatic fundus photography (Canon CX-1, Tokyo, Japan). Only staffs achieving accuracy over 95% in PVA tests during the training phase were qualified for further screening. Fundus photographs were evaluated independently by two glaucoma specialists (SDZ and YBL). For autorefraction, three consecutive readings of sphere, cylinder, and axis of each eye were taken and the mean spherical equivalent (SE) (spherical power + [image: image] * cylinder power) was used for analysis. Participants with PVA <6/12, intraocular pressure (IOP) ≥24 mm Hg, obvious lens opacity, or abnormalities on fundus photography in either eye were referred to the ophthalmology outpatient clinics.



Diagnosis of Refractive Error and Uncorrected Refractive Error

Refractive error was categorized as follows by using the data from the better-seeing eye: myopia as SE ≤ −0.75 D, low myopia SE as ≤ −0.75 D to > −3 D, moderate myopia as SE ≤ −3 D to > −6 D, high myopia as SE ≤ −6 D, hyperopia as SE ≥ +1 D, and high hyperopia SE ≥ +3 D. URE was defined as RE with PVA < 6/12 in the better-seeing eye. URE-related visual impairment was defined as URE with PVA < 6/18 in the better-seeing eye (14). Participants with obvious macular or vascular abnormalities on fundus photography were excluded for the further URE-related analysis.



Need for Spectacles

The need for spectacles was categorized as either “met” or “unmet.” “Met need” describes the number of the participants with RE as defined above achieving corrected visual acuity (VA) ≥ 6/12 in the better-seeing eye with current distance spectacles. “Unmet need” was defined as the number of the participants who did not achieve VA ≥ 6/12 with current spectacles or did not have any spectacles at all. Since the same criteria were used in this study, the “unmet need” for spectacles was equal to the URE. Spectacle coverage was defined as: met need/(met need + unmet need). Participants with unmet needs for spectacles were given a detailed explanation of their refractive condition and referred to an optometry clinic for treatment. Telephonic interviews were conducted to assess the adherence of the refraction correction in those with URE.



Costs of Screening

The costs of the screening were calculated by using a healthcare system perspective including personnel, equipment, and overhead costs. Personnel costs were calculated as the cost of each provider participating in a certain activity specifically dedicated to program-related screening based on the 2017 mean salary catalog of Liaoning province from the National Bureau of Statistics of China (15). Costs of the equipments including VA charts, tonometer, autorefractor, and fundus camera were calculated from list prices, assuming a lifespan of 5 years (16). Overhead costs including infrastructure, electricity, water, and internet links were also assessed. All the costs were given in US dollars at the average of 2017 exchange rate [1 US dollar = 6.75 Renminbi (RMB)] (15). An annual inflation rate of 2% was used to estimate the cost in 2020 based on the 2017–2020 Consumer Price Index of the National Bureau of Statistics of China (15). To account for real-world variability, sensitivity analyses were also performed as following. Overhead costs were allowed to vary from $0 (i.e., covered by the health examination center) to +20% of the base case value. Other costs were assumed to vary by ±20% of the base case value (17). The costs to identify a single case of RE and a case of URE were calculated.



Statistical Analysis

Statistical analyses were performed by using the Statistical Package for the Social Sciences (SPSS) for Windows, version 11.0 (SPSS, Chicago, Illinois, USA). Continuous data with normal distribution were presented as mean ± SD. Data that did not follow a normal distribution were shown as median [interquartile range (IQR)]. Prevalence of RE for different ages and genders was compared by using the chi-squared test. The multivariate regression analysis was used to investigate the impact of gender, age, and RE on the rate of URE and URE-related visual impairment. p < 0.05 was considered as statistically significant.




RESULTS


Distribution of the Refractive Status

In this study, a total of 5,522 eligible adults were initially enrolled with 5,284 adults (95.7%; 95% CI, 95.2–96.2%) completing all the examinations and fulfill the criteria for analysis. The mean age of these participants was 61 ± 14 years (range, 23–96 years) and 39.4% (n = 2,083; 95% CI, 38.1–40.7%) were the females. The distribution of SE was leptokurtic and asymmetric with a higher frequency of the negative (myopic) refractive powers (Figure 1). The median SE was −0.25 D (IQR −1.72, 0.88). The overall prevalence of the myopia and high myopia was 38.7% (n = 2,046; 95% CI, 37.4–40.0%) and 5.3% (n = 280; 95% CI, 4.69–6.90%), respectively with an age-standardized estimate of 49.5% (95% CI, 48.1–50.8%) and 7.14% (95% CI, 6.44–7.83%), respectively. Females had a significantly higher prevalence of myopia compared to the males [47.1% (95% CI, 45.0–49.3%) vs. 33.2% (95% CI, 31.6–34.9%); χ2 = 103, p < 0.001]. The prevalence of myopia decreased steadily with increasing age from a peak of 71.8% (95% CI, 68.0–75.6%) at age <40 years to 26.5% (95% CI, 23.9–29.0%) at age ≥ 70 years (χ2 = 588, p < 0.001). The overall prevalence of hyperopia was 23.5% (n = 1,240; 95% CI, 22.3–24.6%) with a male preponderance [males 25.6% (95% CI, 24.1–27.2%) vs. females 20.1% (95% CI, 18.4–21.8%), χ2 = 21.5, p < 0.001]. The prevalence of high hyperopia was 2.0% (n = 108; 95% CI, 1.66–2.43%), higher in the females (2.4%; 95% CI, 1.7–3.0%) compared to the males (1.8%; 95% CI, 1.4–2.3%, χ2 = 7.09, p = 0.006). The age-standardized prevalence of hyperopia and high hyperopia was 11.9% (95% CI, 11.0–12.8%) and 1.31% (95% CI, 1.00–1.61%), respectively. The prevalence of hyperopia demonstrated an age-related increase ranging from 2.6 to 11.4% (95% CI, 1.4–13.2%) in the participants <60 years to 31.6% (95% CI, 29.4–33.8%) of 60–69 years and 44.9% (95% CI, 42.1–47.8%) of ≥ 70 years (χ2 = 739, p < 0.001) (Table 1).


[image: Figure 1]
FIGURE 1. Distribution of refractive error [diopters (D)] among the screenees.



Table 1. Prevalence of refractive error (RE) by the gender and age.
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Prevalence of URE and URE-Related Visual Impairment

In total, 415 individuals (202 males and 213 females, mean age 63.3 ± 15.8 years) exhibited a SE > +1 D or < −0.75 D and presenting VA <6/12 in the better-seeing eye, presenting a prevalence of 7.85% (95% CI, 7.13–8.58%) for URE. Among these participants with URE, 360 (86.7%; 95% CI, 83.5–90.0%) were unaware of their refractive status and had never been diagnosed with RE, 24 (5.8%; 95% CI, 3.5–8.0%) were wearing inappropriate spectacles, and 31 (7.5%; 95% CI, 5.9–10.0%) had been diagnosed previously, but did not fill the prescription given to them for the glasses. URE-related visual impairment was observed in 3.0% (n = 157; 95% CI, 2.5–3.4%) participants. Women (χ2 = 14.67, p < 0.001 and χ2 = 7.962, p = 0.003), those with age of 70 years and older (χ2 = 27.21, p < 0.001 and χ2 = 15.84, p = 0.003), and myopia (χ2 = 56.87, p < 0.001 and χ2 = 50.81, p < 0.001) are at higher risk of both URE and URE-related visual impairment (Table 2).


Table 2. The prevalence of uncorrected refractive error (URE) and URE-related visual impairment (VI) according to the age, gender, and type of RE.
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Need and Coverage of Spectacles

Out of the 3,286 participants with RE (2,046 myopia and 1,240 hyperopia), 997 participants [526 males (52.8%; 95% CI, 49.7–55.9%) and 471 females (47.2%; 95% CI, 44.1–50.4%)] with mean age (53.3 ± 14.7 years) achieved presenting VA of 6/12 or above in the better eye with their current spectacles (met need). The unmet need was equal to the value of URE (n = 415) including 24 (5.8%; 95% CI, 3.5–8.0%) undercorrected and 391 (94.2%; 95% CI, 92.0–96.5%) uncorrected. Spectacle coverage rate was 70.6% [997/(997 + 415) ×100%] (95% CI, 68.2–73.0%) in the present RE population. Younger adults with age < 40 years had a peak of spectacle coverage 83.9% (95% CI, 79.6–88.3%), compared to those with age ≥ 70 years [48.5% (95% CI, 42.6–54.5%)] (χ2 = 103, p < 0.001). Participations with myopia [73.5% (95% CI, 71.0–75.9%)] had significantly higher spectacle coverage, compared to those with hyperopia [50.6% (95% CI, 43.1–58.0%)] (χ2 = 38.9, p < 0.001). demonstrated significantly higher spectacle coverage (Table 3). After the screening, 137 individuals with URE (33.0%; 95% CI, 28.5–37.6%) adhered to the referral suggestion and got their RE corrected with the spectacles.


Table 3. Spectacle need and coverage by the gender, age, and type of RE.
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Costs of the Screening

The total cost of this 2-month program was estimated at US$10,449 (sensitivity analysis, varying from US$6,640 to US$12,539). Staff costs comprised US$4,892 (varying from US$3,914 to US$5,871) with equipment accounting for US$3,408 (varying from US$2,726 to US$4,089) and overhead costs US$2,149 (varying from US$0, if the health examination center covers the fees, to US$2,579). The cost to identify a single case of suspected RE and URE was US$3.2 (varying from US$2.0 to US$3.8) and US$25.2 (varying from US$16.0 to US$30.2), respectively. The cost for identifying per case of URE-related visual impairment was US$66.6 (varying from US$42.3 to US$79.9) (Table 4).


Table 4. Costs for the screening.
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DISCUSSION

A most recent survey on the causes of vision loss in China revealed that URE remains the major leading cause of moderate/severe vision impairment and blindness in China in the overall population (19, 20). India and China account for approximately 50% of global vision impairment and blindness due to UREs (4, 21, 22). Improving the public awareness of visual health and the unmet demand for refractive care among the affected adults are still big challenges. In this study, we reported the outcome of integrating the RE screening into the general health examination, a well-established public health delivery system in China. It possesses the advantages of easy recruitment of screenees, reductions in demand for the human resources through scale, and the lower costs for equipment and travel, providing a potentially ideal opportunity for a large population to contact the available and routine eye care service by convenience.

Detected prevalence of RE and URE greatly depends on the screening method and criteria used. During health examination, an intensive population (usually 200–400) needs to be screened within 3 to 4 h in the morning. To guarantee the confluence of the entire procedure, a quick and noninvasive refractive assessment method is arbitrarily required. Visual correction by subjective refraction test or pinhole glasses is time-consuming and not suitable for the present protocol. It has been reported that SE of autorefraction were statistically similar compared to subjective refraction and were able to provide the reasonable and repeatable estimation of RE in the adults (23). In population with a high prevalence of RE, combining the uncorrected VA and noncycloplegic autorefraction in serial order, it achieved the adequate sensitivity and specificity for RE screening (24–26). So, we utilized a combination of autorefraction and presenting VA test for the diagnosis of URE in current screening. Considering the accuracy and specificity of the autorefraction test, a strict criterion was introduced (SE ≤ −0.75 D for myopia and ≥ +1 D for hyperopia) (27, 28). In this study, we invited all the individuals of 18 years and older coming to the centers for routine health examination without sampling. The prevalence of present URE may not be comparable with that derived from the population-based studies, especially when the different diagnostic criteria were used (29–36) (Table 5). Meanwhile, the impacts of URE in the Chinese adults were usually addressed when analyzing the cause of visual impairment (19, 20, 37–39). Studies directly reporting the prevalence, distribution, and service coverage for URE among the adults in China are very limited. Although with these differences, the URE in the present urban Chinese population is quite high (7.9%; 95% CI, 7.13–8.58%). Consistent with the previous studies, we observed higher URE in the older individuals (30, 35). Females demonstrated higher prevalence of URE (10.2%; 95% CI, 9.7–12.3%) and URE-related visual impairment (4.0%; 95% CI, 3.2–4.9%) compared to the males (6.3%; 95% CI, 5.5–7.2% and 2.3%; 95% CI, 1.8–2.8%, respectively). It is consistent with the previous findings that the older and female individuals persistently bear more burden of URE than their counterparts over the past few decades (4, 40). A gender-sensitive health policy may be helpful for managing the gender inequality in global vision loss caused by URE.


Table 5. Prevalence of URE among the different studies.
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Spectacle coverage is another index of refractive service (5, 24, 41–43). The spectacle coverage rate in the present urban adults (≥18 years, 70.6%; ≥40 years, 67.3%; ≥60 years, 60.3%) was lower than that reported in the Australians (≥40 years, 82.2–93.5%), but higher than that among the semi-rural adults in Shanghai, China (≥60 years, 44.1%), India (≥15 years, 33.1%; ≥40 years, 53.6%), Colombia (≥15 years, 50.9%), Kenya (≥50 years, 25.5%), and Nigerian (≥40 years, 4.4%) (36, 44–49). Barriers to the spectacle use mainly include economic stability of the society and individuals, limited refractive care access, and poor health awareness (50).

Inconvenience associated with wearing glasses, the uncertainty of the perceived benefit, and lack of social desirability may also contribute to the low spectacle use (51). In a community-based screening program in Baltimore, 72% of the individuals with unmet need of spectacles did not obtain eyeglasses even with a very low price (52). Similarly, in this study, only one-third of the individuals with URE adhered to the referral suggestion and got their spectacles. Strategies to improve the public awareness of visual health are of great challenge (19). Incorporating educational content may help to improve the knowledge and awareness about URE, while introducing ready-made spectacles into vision screening may help to provide a direct experience of VA improvement and increase demand for and compliance with spectacles (53, 54). Recently, we are introducing a wavefront aberration-based subjective autorefraction into this screening model. Individuals with RE can obtain a refractive prescription immediately after the examination, which may help to increase the diagnostic accuracy and improve the adherence of spectacle use among those affected individuals. In addition, an additional advantage of the present model is that the health examinations at most of the centers are repeated annually, offering the potential to improve the compliance in the unresponded suspects over time.

The cost for RE screening varies significantly among different countries and settings, depending on the capacity for service, personnel involved, the type and amount of equipment utilized, and the model used. Being integrated into a coexist healthcare system, the demand for human resources, traffic fees, and other overhead costs in the present screening model were greatly reduced. Accordingly, the cost of present screening (US$3.2 per case of RE and US$25.2 per case of URE) was significantly lower than that among school children in rural China, which reported an average cost of US$37.53, US$52.19, and US$59.14 for per case of RE detected in the teacher, optometrist, and volunteer screening model, respectively (55). Noteworthy, the cost in this study not only includes fees for the screening of RE, but also for the detection of other suspected eye diseases including glaucoma, ocular hypertension, and retinal vascular diseases. In addition, the cost of present screening will be further decreased when it is applied to a larger population.

This study has some limitations. First, presbyopia, which is the most common cause of vision impairment in older adults, was not included in this study. Given the very high prevalence of presbyopia among working-age adults, low rates of correction in China and the modest cost of near-vision testing, it seems likely that such inclusion would have reduced the total program cost per beneficiary. Second, a threshold of VA <6/12 was used when calculating the prevalence of URE and the unmet need of the spectacles. However, individuals with RE and 12/12 ≥ PVA ≥ 6/12 may also benefit from the spectacles. Refractive correction among this population will further improve their quality of vision and, therefore, augment the efficiency of the present model. Third, without a corrected VA, we are not able to distinguish all the individuals that could benefit from a refractive correction. As discussed above, we are now introducing a wavefront aberration-based subjective autorefraction into this screening model to increase the diagnostic accuracy and to provide direct prescription of the spectacles to those affected individuals.

China bears a great burden of URE-related visual impairment in adults. The model of integrating RE screening into the general health examination is efficient, inexpensive, and practical. Unlike population-based or community-based screening that was initiated by the government or public health institutes, individuals come to the health examination centers for a routine physical examination actively. It facilitates greater contact with the healthcare system among the at-risk persons. Meanwhile, this integrated model greatly decreases the costs (traffic and infrastructure) of the screening. By scaling up this eye disease screening model more widely, we can better target the very large and growing cohort of individuals in China to improve the detection of URE and other ocular diseases.
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