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Aims: Our aim was to investigate the prevalence, incidence, and persistence of visual impairment (VI) and their correlates among the Chinese population with diabetes mellitus (DM) over 3 years.

Materials and methods: The China Health and Retirement Longitudinal Survey is the first nationally representative longitudinal survey of the Chinese population. A cross-sectional analysis of prevalent VI in 2015 consisted of 2,173 participants with DM. A longitudinal observation of incident and persistent VI consisted of 1,633 participants from 2015 to 2018. Risk factors of VI were identified via univariate and multivariate logistic regression analyses.

Results: Among our study population with DM, 11.8% reported VI in 2015, 4.5% had persistent VI from 2015 to 2018, and 8.9% developed VI in 2018. Factors identified to be correlated to VI (p < 0.05) were older age, being a woman, lower educational attainment, living in a rural area, application of DM medication and non-pharmacological treatment, receiving DM-related tests, use of spectacles, and poorer health status.

Conclusion: This most recent national data provides a baseline for future public health initiatives on VI among the Chinese population with DM. With multiple risk factors identified, these could provide concurrent targets for various public health strategies and interventions with the aim of reducing the burden of VI among the population with DM in China.
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Introduction

Diabetes mellitus (DM) related visual impairment (VI) is currently the world’s leading cause of blindness in the working age and the older population (1), hence, deserving significant attention. The surveillance of VI among the population with DM is essential for evaluating the effectiveness of interventions for VI and other complications of DM (2). The report of the 2016 American National Academies of Science, Engineering, and Medicine calls for a national eye and vision health surveillance system to understand trends, risk factors, and coexistent diseases associated with VI (3). The Centers for Disease Control and Prevention (CDC) of the United States also proposed that data on VI and blindness from national surveys are fundamental components for future national visual surveillance systems (4).

To support such surveillance, national survey data has been analyzed to provide information over the past decades (5, 6). Nationally, representative surveys such as the National Health Interview Survey (NHIS, United States) (2, 7), National Health and Nutrition Examination Survey (NHANES, United States) (8), Health 2000 survey (Finland) (9), Rapid Assessment of Avoidable Blindness and Diabetic Retinopathy Module (RAAB and DRM survey, Hungary) (10), and the Korean National Health and Nutrition Examination Survey (KNHANES, Korea) (11) have been executed to evaluate visual issues, especially VI, among patients with DM in developed countries. To date, there are few nationwide surveys, especially longitudinal studies, evaluating VI among the population with DM from developing countries.

Despite China being the most populous developing country with the most significant number of patients with DM, nationally representative data for VI among the population with DM is yet to be available. In this study, we provide a first for such data using the China Health and Retirement Longitudinal Study (CHARLS), the first nationally representative survey to facilitate health and well-being research among the middle-aged and older Chinese population (persons aged over 45 years) in China. This data provides the prevalence of self-reported VI among the aging population with DM in China. Incident VI (newly developed) and persistent VI were also reported through a longitudinal observation over 3 years. Multiple variables, including socio-demographics, health conditions, and lifestyle-related elements, were analyzed as risk factors.



Materials and methods


Participants and public involvement

We obtained data from the China Health and Retirement Longitudinal Study 2015 (CHARLS 2015, Wave 3, 20,273 participants). Initiated in 2011, CHARLS is the first nationally representative longitudinal survey sampling residents (middle-aged and older population, 45 years old and above) from 450 villages/neighborhoods spanning 150 counties across 28 out of 31 provinces or provincial-level regions in the Chinese mainland. The same study protocol was instituted at all sites. With a response rate exceeding 80%, CHARLS provides the most up-to-date longitudinal data set for assessing the health status and well-being of the middle-aged and older population in China. For the purpose of this study, participants who accomplished the interview in 2015 were adapted for cross-sectional analysis, while those who completed both interviews in 2015 and 2018 were adapted for longitudinal analysis. Participants with missing data were excluded (Figure 1).
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FIGURE 1
 Sample screening of participants with DM in CHARLS 2015 and 2018 for the present study.




Measures


Outcome

The primary outcome in the present study is self-reported VI. In CHARLS, VI included near and distance VI. Near VI and distance VI were assessed by asking participants whether their eyesight was excellent, very good, good, fair, or poor when seeing things up close, like reading ordinary newspaper print (with spectacles or corrective lenses if they usually wear them); or at a distance, like recognizing a friend from across the street (with spectacles or corrective lenses if they usually wear them), respectively. Reports of poor eyesight were classified as near or distant VI. Such categorization of VI assessment was used in previous CHARLS studies (12). Participants reporting both near and distance VI were identified as participants with VI in the current study.

Furthermore, we defined the incidence of VI (newly developed VI) as participants who did not have VI in 2015 but reported VI in the following interview in 2018. Persistent VI was defined as participants who reported VI in both 2015 and 2018.



Definition of diabetes mellitus

According to CHARLS 2015, the definition of DM was defined based on both self-reported medical history with previously-diagnosed DM and reference definition (blood test, 1. Fasting plasma glucose level of 126 mg/dL (7.0 mmol/L) or higher; 2. HbA1c concentration of 6.5% or higher) as previously reported (13, 14).




Independent variables

Multiple factors that could potentially affect VI among patients with DM, reported in previous studies, were adapted into the statistical models in the present study. Also, as many as possible vision-related items in the CHARLS questionnaire were enrolled.



Socio-demographic characteristics

Age was categorized into four groups (45–54, 55–64, 65–74, and ≥70). Sex was treated as a binary variable: “Male or female” based on the interviewers’ records on the respondent’s gender during a face-to-face interview. Participants who were separated, divorced, widowed, or never married were coded as “living alone,” while those who were married or partnered were coded as “living with a partner.” Living areas referred to urban or rural places where participants lived. Educational level was categorized into five groups: illiterate, less than elementary school, elementary school, middle school, and high school or above.



Medical condition

Data on medical conditions were collected with the following question: “Have you ever been diagnosed by a doctor as having the following diseases: hypertension, dyslipidemia, diabetes mellitus, cancer, chronic lung diseases, liver diseases, heart disease, stroke, kidney diseases, memory-related diseases, digestive diseases, arthritis, and asthma?” The coexistence of more than two diseases was defined as multi-morbidities (15). Insurance coverage refers to coverage by one or more kinds of health insurance (16).

Specifically, vision-related issues have been included. The use of spectacles is based on the question: “Do you usually wear spectacles or corrective lenses?” The application of DM medication is based on the question: “Are you now taking any medicine or insulin injection to treat or control your DM?” DM management was evaluated by applying non-pharmacological treatment (including weight control, physical exercise, diet, smoking control, and foot care) and DM-related tests (including blood glucose test, urine glucose test, fundus examination, and micro-albuminuria test).



Statistical methods

The cross-sectional analyses in the present study were performed based on data from CHARLS 2015. Demographic, socioeconomic, and health status and lifestyle-related factors were compared between patients with DM who reported vs. those who denied VI, using analysis of variance, Wilcoxon test, Pearson χ2, or Fisher’s exact test, according to the types and distributions of data. Univariate logistic regressions were conducted to assess the associations between independent variables and VI. Multivariable logistic regressions were performed to determine which variables were independently associated with VI among all independent variables included. Longitudinal observation using univariable and multivariable logistic regressions was conducted to identify risk factors for incident VI (newly developed VI) and persistent VI among patients with DM from 2015 to 2018.

Results were reported as odds ratios (OR) with 95% confidence intervals (95% CI), and p-values < 0.05 were regarded as statistically significant in the present study. Statistical analysis was performed using SAS 9.4 statistical software (SAS Institute, Cary, NC, United States).




Results


Cross-sectional analyses of data from CHARLS 2015

CHARLS 2015 enrolled 20,273 participants, with 19,719 aged 45 or above from which 2,173 were identified as patients with DM. After excluding participants with missing data, the final analytic sample for the cross-sectional study was 1,858 (Figure 1). The prevalence of VI in our study population was 11.79% (95%CI: 10.35–13.34, Table 1). The prevalence of VI increased with age in both male (2.84%–10.26%, Table 1) and female (10.23%–24.37%, Table 1) populations. Characteristics of the study sample are summarized in Table 2.



TABLE 1 The prevalence of visual impairment among 1,858 participants with DM in CHARLS 2015, stratified by age and gender.
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TABLE 2 Characteristics of 1,858 participants with DM in CHARLS 2015.
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Compared with the non-VI group, there was a significantly larger proportion of women and the aging population in the VI group (all p < 0.001; Table 2). Also, VI patients were found to be more likely to live in rural areas, have lower educational attainment, have more DM-related self-managements including the application of DM medication and non-pharmacological treatment, receiving DM-related tests (all p < 0.05; Table 2), and have poorer health status (multi-morbidities, p < 0.001; Table 2).

According to the univariate logistic regression analysis, factors including age, gender, educational level, living area, multi-morbidities, application of DM medication, non-pharmacological treatment, and receiving DM-related tests were found to be significantly associated with the prevalence of VI among patients with DM (all p < 0.05; Table 3). In the multivariate logistic model, only age, gender, educational level, living area, and multi-morbidities remained significantly correlated with VI (all p < 0.05; Table 3).



TABLE 3 Logistic regression analyses to identify associated factors of the prevalence of visual impairment in CHARLS 2015.
[image: Table3]



Longitudinal observation from 2015 to 2018

During the 3 years of longitudinal observation, 1,663 participants with DM accomplished follow-up interviews in 2015 and 2018. From this population, 148 participants without VI in 2015 reported newly developed VI in 2018, and 75 participants reported persistent VI from 2015 to 2018. A total of 1,325 participants who reported good vision from 2015 to 2018 were categorized as the reference group (Figure 1).

Factors including age, gender, educational level, use of spectacles, and multi-morbidities were significantly associated with incident VI according to univariate analysis (all p < 0.05; Table 4). However, gender lost its significant correlation with incident VI after being adjusted in the multivariate logistic model (Table 4).



TABLE 4 Logistic regression analyses to identify associated factors of incident visual impairment and persistent visual impairment.
[image: Table4]

Factors including age, gender, educational level, multi-morbidities, application of DM medication, and receiving DM-related tests were significantly associated with persistent VI according to the univariate analysis. However, only gender, educational level over the high school, and multi-morbidities remained significant correlates of persistent VI in the multivariate logistic model (all p < 0.05; Table 4).




Discussion

DM is a systemic disease most frequently leading to severe ocular complications and resulting VI in both developed and developing countries (1). For the first time, the general condition including the prevalence, incidence, and persistence of VI among the Chinese population with DM is reported at a national level, using data from a nationally representative and longitudinal survey (CHARLS). We are also the first to identify risk factors of VI from a wide range of elements, including socio-demographic, health status, and lifestyle-related factors.

The prevalence of VI, according to the population-based survey, provides a pivotal epidemiological reference for vision assessment and surveillance. In the present study, according to self-reported visual status, the estimated prevalence of VI among our sample with DM is 11.79%, which is higher than the prevalence of VI in general participants from CHARLS (8%; data not shown in tables). The self-reported visual status could adequately capture the envelope of cumulative VI and blindness (17). However, compared to the physical evaluation of visual acuity, self-reported items may also result in a lower estimation of the prevalence of VI (17). The prevalence of VI in the present study is comparable to those reported in previous region-limited population-based studies on patients with DM in our country: [Dongguan Eye Study: 6.8%–15.7% (15); Shanghai, Xinjing community: 15.7% (18) and 5.96% (19); Jiangsu Diabetic Eye Disease Study, Funing County: 13.47%–23.83% (16); Hong Kong, Integrative Community Health Center: (20) and 11.3% (21)]. However, definition disparities of VI or low vision among all these studies could be noticed. On the other hand, several studies focusing on the general population in China reported a relatively lower prevalence of VI [The China Nine-Province Survey: 3.13%–9.51% (22), Baotou Eye Study: 4.65% (23), Beijing Eye Study: 1.4% (24) and Handan Eye Study: 5.9% (25)]. Despite variations among study designs in previous research, these data could indicate indirectly that patients with DM are more prone to VI than the general population in China to some extent.


Demographic factors: age and gender

Aging is associated with various decrements in body functions, including VI. The prevalence of VI increases with aging in both the general population and people with DM in China (18–25). Consistently, in the present study, the prevalence of VI increased from 6.90% to 18.78% by aging across different age categories (Table 2). We found that patients with VI are significantly older than those without VI (p < 0.001). Also, both univariate and multivariate logistic analyses indicated older age as a risk factor for VI among patients with DM (all p < 0.005). Along with age-related visual dysfunction, aging would inevitably correlate with a longer duration of DM. Consequently, aging patients with DM may have a higher probability of suffering from ocular complications, including cataracts, refractive error, and diabetic retinopathy (19–21, 22).

Gender difference in VI has not reached a consensus in our general or diabetic population based on previous regional studies (18–25). Based on this nationally representative survey, we noticed gender differences in VI among our population with DM. The prevalence of VI in the female population is higher than that in the male population across every age category, according to our age-stratified prevalence estimation (Table 2). We found a significantly higher proportion of the female population in the VI group than in the non-VI group (p < 0.001). We also noticed that the female population was significantly associated with VI according to univariate and multivariate regression analyses. Such finding is consistent with several national surveys from other countries (26, 27). A series of studies have also indicated that VI or low visual acuity is more prevalent among Chinese women (general population) (28). Studies showed that women might have a longer life expectancy, higher HbA1c level (29), and higher prevalence of DM (30) than men, which may contribute to their higher risk of developing DM-related ocular complications and age-related ocular disorders (22). However, whether DM and gender could synergistically affect VI in the Chinese population with DM is yet to be elucidated and deserves further studies.



Socio-economic factors: educational level and living area

Educational attainment could be considered a surrogate indicator of socioeconomic status, which impacts people’s access to health services and other social and economic resources. Educational level has been defined as an essential factor that affects VI in the general population in our country (22–25). The Dongguan Eye Study was the first to report a potential association between lower education levels and VI in patients with DM (18). Consistent with their findings, we noticed relatively lower educational attainment among patients reporting VI in the present study. Univariate and multivariate logistic analyses also revealed a significant correlation between insufficient education attainment and VI. Lower educational level is generally associated with fewer physical and ocular examinations (31) and poorer controlled blood glucose levels (31), which lead to worse self-management of DM and prognosis of visual outcomes. Educational level is also closely related to self-consciousness and proper understanding of DM in China (32–34). Thus, particular emphasis should be given to those with lower educational attainment in future national VI prevention programs for the population with DM in our country.

The living area is indispensable in explaining the substantial regional variations in the prevalence of VI across China (22). Compared to most other countries with Health and Retirement Studies, China is much more rural and has more undeveloped areas. Previous population-based studies in our country mainly recruited participants in specific communities or counties. Therefore, the urban/rural comparison of VI prevalence often came with different conclusions (23–25, 35). Based on our nationally representative survey, the geographic distribution of our sample is widely divergent from that in other region-limited population-based studies (Table 1). We provide explicit evidence that living areas could significantly impact VI among our population with DM. Living in a rural area was identified as a risk factor of VI according to both univariate and multivariate logistic models, which indicated that the vision care system in our country, especially in rural China, is still inadequate and ineffective in terms of meeting the needs of vision health care due to the uneven distribution of medical resources (36).



Longitudinal observation: incident VI and persistent VI

Our study is the first to report a longitudinal observation on VI among a nationally representative sample of the Chinese population with DM. In the present study, 1,663 participants with DM accomplished CHARLS interviews in both 2015 and 2018 from which 148 participants reported newly developed VI, which indicated that the incidence of VI among our sample is 8.90%. A total of 75 participants reported persistent VI from 2015 to 2018, representing 4.51% of our study sample. These data provide essential references to the incidence and persistence of VI among the Chinese population with DM.

Compared to risk factors reported in previous studies with cross-sectional designs, our investigation on risk factors of the incident and persistent VI might provide new insights into correlates of VI in the population with DM. Consistent with our cross-sectional findings, lower educational level and multi-morbidities correlate to incident VI and persistent VI, according to univariate and multivariate logistic analyses (Table 4). Other than these two factors, some interesting findings in our longitudinal study deserve further attention.

First of all, among the population with incident VI, gender difference appeared to be insignificant after applying adjustment in the multivariate logistic model. However, univariate and multivariate logistic analyses among the participants with persistent VI indicated profound gender differences. Such a finding raised our concern: female patients seem more likely to suffer from sustained vision-impaired status after developing VI than male patients. Timely intervention and medical resources should be provided in a manner that focuses concerns on female patients with DM reporting newly developed VI to prevent persistent VI.

Another finding to our interest is that the use of spectacles was associated with incident VI among our sample. An uncorrected refractive error has been noticed as one of the most frequent causes of VI in our population with DM (18, 21). Researchers from Hong Kong reported that nearly 70% of cases of VI could be remedied with spectacle correction (21), which means many patients could choose a relatively safe, economical, and straightforward approach to improve visual acuity. On the other hand, visual aids are not always helpful for people with VI owing to severe ocular complications of DM. More importantly, patients with lower educational levels might incorrectly distinguish between ‘ophthalmologist’ and ‘optometrist’ (37). The probability of misdiagnosing a DM-related ocular disorder by an optometrist is far greater than that by an ophthalmologist (38), which deserves certain attention.

Last but not least, the persistent status of VI may jeopardize both physical and mental status in the middle-aged and older population (39–42). Findings of correlates to persistent VI from the present study provide indications to filter specific patients more prone to persistent VI. Female patients, patients with lower educational attainment (less than high school), and patients with poorer health status (with multi-morbidities) may need timely intervention to terminate persistent VI.



Strengths and limitations

VI is a major problem worldwide. There has been a consensus in recent years that the establishment of a national eye and visual health surveillance system is essential for future eye care, especially for the populations which are more prone to ocular disorders and resulting VI, such as patients with DM. To establish such a surveillance system, related data from nationally representative surveys have been analyzed in some countries over the past decade. To date, there are few nationwide surveys, especially longitudinal studies, covering VI in the general population and, specifically, population with DM, from developing countries. China, being the most populous developing country, also has the largest number of people with DM. Using the most updated data from the first nationally representative longitudinal survey (2015–2018), this present study is the first to evaluate VI in the Chinese population with DM, with regard to the prevalence, incidence, and persistence of VI and their correlates. Our study provides a baseline for future public health initiatives on VI among the Chinese population with DM. Multiple risk factors were identified as targets for various diverse public health strategies and interventions with the aim of reducing the burden of VI among the population with DM in China. We propose that CHARLS could be appropriately used for monitoring populational VI and as a component of China’s future national vision surveillance system.

Nevertheless, the findings in this report are subjected to at least two limitations. First, a significant concern in any population-based study is nonparticipation. CHARLS 2015 had a reasonable cross-sectional response rate of 82.13% and a panel response rate of 86.46% in 2018. However, differences between participants and non-participants can lead to a selection artifact. Also, the community sample enrollment does not cover those living in an institution (e.g., a nursing home). Second, self-reported visual items and documented visual acuity are both widely accepted assessments of vision status in epidemiological studies. Similar to some well-recognized national surveys like NHIS in the United States and the ELSA in England, CHARLS also adopted self-reported data to assess visual status based on questionnaires. Subjective assessment could further acquire visual complaints like anomalopia or metamorphopsia, which could not be reflected by mere visual acuity assessment. However, it is subjected to reporting bias and prone to conceptual cultural differences. On the other hand, documented visual acuity examination required the participants to go to mobile examination centers (the case in the NHANES, for example), which might have influenced nonparticipation. Patients with severe VI or other conditions may have difficulties traveling to mobile examination centers. Thus, we must realize that disparities in definitions of VI or low vision acuity exist in various studies and, consequently, there should be caveats when interpreting the results.




Conclusion

Based on the most updated nationally representative and longitudinal data, the present study is the first to introduce the condition of visual impairment, including its prevalence, incidence, persistence, and risk factors among the middle-aged and older Chinese population with DM. CHARLS could be appropriately used to monitor visual impairment and as a component of China’s future national vision surveillance system.
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