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Purpose: To examine the 6-year incidence of visual impairment (VI) and identify risk factors associated with
VI in a multiethnic Asian population.

Design: Prospective, population-based, cohort study.

Participants: Adults aged > 40 years were recruited from the Singapore Epidemiology of Eye Diseases
cohort study at baseline. Eligible subjects were re-examined after 6 years. Subjects included in the final analysis
had a mean age of 56.1 + 8.9 years, and 2801 (50.5%) were female.

Methods: All participants underwent standardized examination and interviewer-administered questionnaire
at baseline. Incidences were standardized to the Singapore Population Census 2010. A Poisson binomial
regression model was used to evaluate the associations between baseline factors and incident presenting VI.

Main Outcome Measures: Incident presenting VI was assessed at the 6-year follow-up visit. Visual
impairment (presenting visual acuity < 20/40), low vision (presenting visual acuity < 20/40 but > 20/200), and
blindness (presenting visual acuity < 20/200) were defined based on United States definition.

Results: A total of 5551 subjects (2188 Chinese, 1837 Indians, and 1526 Malays) were evaluated, of whom
514 developed incident presenting VI over 6 years. Malays had a higher incidence of low vision and blindness
(18.0%; 0.6%) than Indians (7.0%; 0.1%) and Chinese (7.7 %; 0.2%). Among Malay individuals with VI at baseline,
52.8% remained visually impaired after 6 years, which was considerably higher than Chinese (32.4%) and Indians
(87.2%). Older age (per decade; relative risk [RR] = 1.59), a history of cardiovascular disease (RR = 1.38), current
smoking (RR = 1.31), smaller housing type (1- to 2-room public flat; RR = 2.01), and no formal education
(RR = 1.63) at baseline were associated with a higher risk of incident VI (all P < 0.027). Older age (> 60 years)
contributed the highest population attributable risk to incident VI (27.1%), followed by lower monthly income
(Singapore dollar < $2000; 26.4%) and smaller housing type (24.7%). Overall, undercorrected refractive error
(49.1%) and cataract (82.6%) were leading causes for low vision and blindness, respectively. This was consis-
tently observed across the 3 ethnicities.

Conclusions: In this multiethnic Asian population, Malays had a higher VI incidence compared to Indians and
Chinese. Leading causes of VI are mostly treatable, suggesting that more efforts are needed to further mitigate
preventable visual loss.

Financial Disclosure(s): The authors have no proprietary or commercial interest in any materials discussed
in this article. Ophthalmology Science 2023;3:100392 © 2023 by the American Academy of Ophthalmology. This
is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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Globally, visual impairment (VI) poses a major public health
concern, significantly contributing to the economic and health
burden.' " In 2020, it was estimated that 43.3 million people
have blindness, while 553 million people have VI.* In view
of the aging population, these numbers are projected to
increase by approximately 1.5-fold by year 2050."
According to the Global Burden of Disease Study, Asia
accounts for > 60% of the total number of VI and blindness
cases worldwide.”* However, there are limited studies that
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investigated the incidence of VI and its associated risk
factors in Asia.” '' Previous reports mainly focused on
examining the non-Asian populations (Table S1).'*
These aspects have not yet been evaluated in the Malay
ethnicity, one of Asia’s largest ethnic groups. Furthermore,
evaluation of interethnic difference for VI incidence across
Asians has not yet been performed. Given the heterogeneity
among Asians, this aspect is important and may provide new
insights.
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Hence, the objective of our study was to examine the 6-
year incidence of VI and identify factors associated with VI
in a multiethnic Asian population. Findings from this study
will contribute toward improving the accuracy of future VI
burden projection and associated health care resource allo-
cation. In addition, determining causes and predictors of VI
may potentially guide the future formulation of targeted
screening and interventions.

Methods

Study Populations

We conducted a multiethnic population-based cohort study using
subjects recruited from the Singapore Epidemiology of Eye Dis-
eases (SEED) study. At baseline visit, Malay, Indian, and Chinese
subjects from SEED were recruited under 3 studies: the Singapore
Malay Eye Study (year 2004—2006), the Singapore Indian Eye
Study (year 2007—2009), and the Singapore Chinese Eye Study
(year 2009—2011). All study procedures adhered to the principles
of Declaration of Helsinki,”' and ethical approval was obtained
from the Singapore Eye Research Institute institutional review
board. All subjects provided written informed consent.

In brief, an age-stratified random sampling method was used to
select 13271 subjects (4168 Malays, 4497 Indians, and 4606
Chinese) aged 40—80 years, from which a total of 10033 subjects
(3280 Malays, 3400 Indians, and 3353 Chinese) participated in the
study, thereby achieving a response rate of 75.6%. Follow-up visits
(SEED-2) were conducted 6 years later (Singapore Malay Eye
Study-2, year 2011—2013; Singapore Indian Eye Study-2, year
2013—2015; and Singapore Chinese Eye Study-2, year
2015—2017). The methodology of the baseline and follow-up
SEED studies has been previously described in detail.**°

At baseline visit, 1451 subjects were excluded due to death
(n = 780), severe cognitive impairment/mobility impairment
(n = 447), and change in residential address/migration (n = 224).
Of the remaining 8582 subjects eligible for SEED-2 follow-up,
1820 subjects were lost to follow-up (response rate: 78.8%).
Among the remaining 6762 subjects who attended SEED-2 follow-
up, subjects with baseline low vision, baseline blindness, and
missing visual acuity (VA) data were excluded accordingly for
each analysis. Incident blindness cases were further excluded from
the analysis pertaining to incident low vision. Consequently, 5544
subjects and 6715 subjects were included in the final analysis for
incident presenting low vision and blindness, respectively. On the
other hand, 6519 subjects and 6732 subjects were included in the
final analysis for incident best-corrected low vision and blindness,
respectively (Fig 1).

Vision Assessment

Bilateral presenting and best-corrected VA data were collected.
Visual acuity was measured at 4m using the logarithm of the
minimum angle of resolution number chart (Lighthouse Interna-
tional). In the event where the largest print of a number could not
be detected at 4m, the testing distance was sequentially reduced to
3m, 2m, and eventually 1m. If no numbers were read correctly
from the logaritham of the minimum angle of resolution number
chart at Im, VA was measured and recorded as counting fingers,
hand movement, light perception, or no light perception accord-
ingly. Subjects were instructed to wear their own prescriptive
correction, if any, for the measurement of presenting VA, whereas
for best-corrected VA, subjects underwent subjective refraction by
study investigators.
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Visual impairment was defined based on the better-seeing eye
according to the United States (US) definition and World Health
Organization definition. According to the US definition, VI was
defined as VA < 20/40, low vision was defined as VA < 20/40 but
> 20/200, and blindness was defined as VA < 20/200. According
to the World Health Organization definition, VI was defined as VA
< 20/60, low vision was defined as VA < 20/60 but > to 20/400,
and blindness was defined as VA < 20/400.

Other Measurements and Systemic Assessments

An interviewer-administered questionnaire was used to collect data
pertaining to subject demographics, medical history, lifestyle risk
factors (current smoking status and alcohol intake), and socio-
economic status (education level, type of housing, and monthly
income status).

Diabetes mellitus was defined as nonfasting serum glucose >
11.1 mmol/L, glycated hemoglobin > 6.5%, current administration
of diabetic medication, or a self-reported history of diabetes mel-
litus. Hyperlipidemia was defined as either total cholesterol > 6.2
mmol/L. or current administration of lipid-lowering medication.
Hypertension was defined as systolic blood pressure > 140 mmhg,
diastolic blood pressure > 90 mmhg, current administration of
antihypertensive medication, or a self-reported history of hyper-
tension. The history of cardiovascular disease (CVD) was defined
based on the self-reported history of angina, stroke, or myocardial
infarction. Estimated glomerular filtration rate was derived from
serum creatinine levels using the Chronic Kidney Disease Epide-
miology Collaboration equation.”’ Chronic kidney disease (CKD)
was defined based on the Kidney Disease Outcomes Quality
Initiative clinical practice guidelines as estimated glomerular
filtration rate < 60 mL/min/1.73 m>>* " Body mass index
(BMI) was determined using body weight (kilograms) divided by
body height (meters) squared. The education level was classified as
either receiving formal education or no formal education. Formal
education was defined as having primary or higher education. The
type of housing was classified as a 1- to 2-room public flat, a 3- to
4-room public flat, or a 5-room public flat and better. The monthly
income status was classified as either Singapore dollar (SGD) <
$2000 or SGD > $2000.

Statistical Analysis

All statistical analyses were performed using Stata statistical soft-
ware (version 13, StataCorp). Age was analyzed as a continuous
variable, while gender, ethnicity, diabetes mellitus, hypertension,
hyperlipidemia, history of CVD, CKD, BMI, current smoking
status, alcohol intake, education level, type of housing, and
monthly income status were classified as categorical variables.
Independent ¢ test and Pearson chi-square test were used for
continuous and categorical data, respectively, to compare between
subjects with and without incident VI. One-way analysis of vari-
ance and chi-square tests were performed for continuous variables
and categorical variables, respectively, to compare subject char-
acteristics between different ethnicities.

Visual impairment incidences, based on presenting and best-
corrected VA, were evaluated and standardized to Singapore
Population Census 2010.>' This analysis was stratified by age
group (40—49, 50—59, 60—69, and > 70 years), ethnicity
(Malay, Indian, and Chinese), and sex. In addition, subjects with
baseline VI (i.e., low vision or blindness) were followed up over
6 years to determine the proportion of them who remained
visually impaired. The primary causes of both presenting and
best-corrected incident VI were also evaluated. A Poisson bino-
mial regression model was used to evaluate the associations be-
tween baseline demographic, systemic, and socioeconomic factors
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Total SEED-1 subjects, n=10,033

(3,280 Malays; 3,400 Indians; 3,353 Chinese)

Subjects excluded due to the following
reasons, n= 1,451

e Deceased, n=780

A4

e Severe cognitive impairment/ mobility
impairment, n=447
e Change in residential address/

Eligible subjects at baseline for SEED-2,

migration, n=224

h= 8,582

,| Subjects eligible for follow up but did not

v

return for visit, n=1,820

Subjects who attended SEED-2, n=6,762

(1,901 Malays; 2,200 Indians; 2,661 Chinese;
Response rate=78.8%)

Subjects not eligible for follow up due to

the following reasons:

* Based on presenting VA
o Baseline low vision*, n= 1,164
o Baseline blindness*, n= 44

o Missing visual acuity data, n= 3
* Based on best-corrected VA

o Baseline low vision*, n= 208

o Baseline blindness*, n= 14

o Missing visual acuity data, n=16

Subjects who attended SEED-2 follow up
and included in current analysis (based on
presenting VA)

e Low vision analysis, n= 5,5441
(1,521 Malays; 1,835 Indians; 2,188
Chinese)

e Blindness analysis, n=6,715
(1,876 Malays; 2,191 Indians; 2,648
Chinese)

VA= Visual Acuity

A,

and included in current analysis (based on

Subjects who attended SEED-2 follow up

best-corrected VA)

e Lowvision analysis, n= 6,519+
(1,795 Malays; 2,143 Indians; 2,581
Chinese)

e Blindness analysis, n=6,732
(1,882 Malays; 2,196 Indians; 2,654
Chinese)

* Based on US definition — low vision was defined as <20/40 but 220/200; blindness was defined as <20/200
17 incident presenting blindness cases were further excluded from the analysis pertaining to presenting low vision
15 incident best-corrected blindness cases were further excluded from the analysis pertaining to best-corrected low vision

Figure 1. Study population flowchart. SEED = Singapore Epidemiology of Eye Diseases study; US = United States; VA = visual acuity.

with incident presenting VI, best-corrected VI, and the likelihood
of remaining visually impaired over 6 years. Population attribut-
able risk (PAR) of factors significantly associated with incident
presenting and best-corrected VI was then evaluated, based on the
calculated adjusted risk ratio and prevalence of factors.

Results

A total of 5551 subjects and 6524 subjects were included in
the final analysis for incident presenting and best-corrected
VI, respectively. Among these subjects, 514 subjects and
222 subjects developed incident presenting and best-
corrected VI over 6 years, respectively. In comparison to
subjects without incident presenting VI, subjects with inci-
dent presenting VI were more likely to be older, to have
diabetes mellitus, hypertension, history of CVD, CKD,

current smoking, smaller housing, lower monthly income,
and no formal education (Table 2, all P < 0.028). Similar
baseline characteristics were noted for subjects with
incident best-corrected VI when compared with subjects
without (Table S3, all P < 0.029). Comparison of baseline
characteristics between ethnicities showed that Malay
subjects were more likely to have hypertension, CKD,
current smoking, higher BMI, smaller housing, lower
monthly income, and no formal education; Indian subjects
were more likely to have diabetes mellitus,
hyperlipidemia, history of CVD, and alcohol intake; and
Chinese subjects were more likely to be older (Table S4,
all P < 0.001).

Table 5 shows the 6-year incidence of low vision and
blindness (US definition). Based on presenting VA, the
overall age-standardized incidences for low vision and
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Table 2. Comparison of Baseline Characteristics Between Subjects With and Without Incident Presenting VI

Subjects Without
Incident Presenting

Subjects With

Incident Presenting

Baseline Characteristics VI# (n = 5037) VI# (n = 514) P Value'

Age, years 55.6 (8.6) 61.4 (9.9) < 0.001
Female gender, n (%) 2557 (50.8) 244 (41.5) 0.155
Ethnicity, n (%)

Malay 1312 (26.0) 214 (41.6) < 0.001

Indian 1704 (33.8) 133 (25.9)

Chinese 2021 (40.1) 167 (32.5)
Diabetes mellitus, n (%) 1229 (24.4) 179 (34.8) < 0.001
Hyperlipidemia, n (%) 2144 (43.5) 233 (46.9) 0.152
Hypertension, n (%) 2813 (56.0) 361 (70.4) < 0.001
History of cardiovascular disease, n (%) 385 (7.6) 70 (13.6) < 0.001
Chronic kidney disease, n (%) 319 (6.5) 70 (14.3) < 0.001
Alcohol intake, n (%) 485 (9.6) 33 (6.4) 0.017
Current smoking, n (%) 731 (14.5) 93 (18.1) 0.028
Body mass index, kg/m? 25.4 (4.4) 25.4 (4.3) 0.865
Type of housing, n (%)

1- to 2-room public flat 203 (4.0) 52 (10.2) < 0.001

3- to 4-room public flat 2915 (58.1) 351 (68.6)

5-room public flat and better 1903 (37.9) 109 (21.3)
Monthly income, n (%)

SGD < $2000 3372 (68.6) 439 (85.7) < 0.001

SGD > $2000 1544 (31.4) 73 (14.3)
Education level, n (%)

No formal education 654 (13.0) 170 (33.2) < 0.001

Formal education’ 4376 (87.0) 342 (66.8)

SGD = Singapore dollar; VA = visual acuity; VI = visual impairment.

Data are presented as mean (standard deviation) or number (percentage), where appropriate.
*Based on United States definition—VI was defined as VA < 20/40 (i.e., inclusive of low vision and blindness, based on better-seeing eye).
P value was estimated based on chi-square or independent ¢ test, where appropriate.

*Formal education was defined as having primary or higher education.

blindness were 9.4% (95% confidence interval [CI], 8.5%—
10.3%) and 0.3% (95% CI, 0.2%—0.5%), respectively.
Based on best-corrected VA, the overall age-standardized
incidences for low vision and blindness were 3.3% (95%
Cl, 29%—3.8%) and 0.2% (95% CI, 0.1%—0.4%),
respectively. The incidence of both presenting and best-
corrected VI demonstrated an upward trend with
increasing age groups (P = 0.001). This was consistently
observed across all 3 ethnicities. Notably, for both pre-
senting and best-corrected VI, Malay subjects had the
highest incidence compared with Chinese and Indian sub-
jects. Similar trends were observed for World Health
Organization-defined low vision and blindness (Table S6).
In addition, we also noted generally higher incidences of
low vision and blindness in females as compared with
males (Table S7).

Table 8 shows the association between baseline factors
and incident VI. Following adjustment for age, gender,
ethnicity, diabetes mellitus, hyperlipidemia, hypertension,
history of CVD, CKD, alcohol intake, current smoking,
BMI, type of housing, monthly income, and education
level, older age (per decade; relative risk [RR] = 1.59;
95% CI, 142—1.77), Malay ethnicity (Chinese as
reference: RR = 1.60; 95% CI, 1.28—2.01; Indian as
reference: RR = 1.59; 95% CI, 1.27—1.99 [result not

4

shown in table]), history of CVD (RR = 1.38; 95% CI,
1.09—1.76), current smoking (RR = 1.31; 95% CI,
1.03—1.67), smaller housing type (1- to 2-room public flat:
RR = 2.01; 95% CI, 1.45—2.79; 3- to 4-room public flat:
RR = 1.47; 95% CI, 1.17—1.83), and no formal education
(RR = 1.63; 95% CI, 1.34—1.98) were significantly associ-
ated with incident presenting VI over 6 years (all P < 0.027).
Similarly, older age (per decade; RR = 2.30; 95% CI,
1.91-2.78), Malay ethnicity (Chinese as reference:
RR = 2.10; 95% CI, 1.44—3.06; Indian as reference:
RR = 2.10; 95% CI, 1.44—3.05 [results not shown in table]),
history of CVD (RR = 1.47; 95% CI, 1.04—2.10), CKD
(RR = 1.56; 95% CI, 1.15—2.12), smaller housing type (1—2
room public flat: RR = 3.63; 95% CI, 2.25—5.87; 3—4 room
public flat: RR = 1.70; 95% CI, 1.12—2.57), and no formal
education (RR = 1.78; 95% CI, 1.32—2.39) were signifi-
cantly associated with incident best-corrected VI over 6 years
(all P < 0.031).

Among the significant risk factors identified (Table 8),
older age (> 60 years) contributed the highest PAR to
incident presenting VI (27.1%), followed by lower
monthly income (SGD < $2000; 26.4%), smaller housing
type (24.7%), Malay ethnicity (15.4%), no formal
education (14.1%), history of CVD (4.21%), and current
smoking (4.19%) (Table S9). Likewise, older age (> 60
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Table 5. Six-year Incidence of Low Vision and Blindness (Based on US Definition, Better-Seeing Eye)

Overall Malay Indian Chinese
Vision Status Age (Year) At Risk  Case (%) AtRisk Case (%) AtRisk Case (%) AtRisk Case (%)
Based on Incident low vision* 40—49 1657 85 (5.1) 487 32 (6.6) 614 2(5.2) 556 1(3.8)
presenting VA 50—59 2087 143 (6.9) 572 54 (9.4) 655 2 (6.4) 860 7 (5.5)
60—69 1299 164 (12.6) 316 67 (21.2) 426 7 (8.7) 557 0 (10.8)
70+ 501 115 (23.0) 146 56 (38.4) 140 0 (14.3) 215 9 (18.1)
Total 5544 507 (9.2) 1521 209 (13.7) 1835 131 (7.1) 2188 167 (7.6)
Age—standardizedi' 9.4 (8.5—10.3) 13.0 (11.3—15.0) 7.0 (5.8—8.4) 7.7 (6.5—9.0)
(95% CI)
Incident blindness*  40—49 1805 0 (0.0) 533 0 (0.0) 665 0 (0.00) 607 0 (0.0)
50—59 2390 3(0.1) 666 2 (0.3) 759 1 (0.13) 965 0 (0.0)
60—69 1680 5(0.3) 419 2 (0.5) 561 2 (0.36) 700 1(0.1)
70+ 840 5(1.8) 258 11 (4.3) 206 0 (0.0) 376 4 (1.1)
Total 6715 3(0.3) 1876 15 (0.8) 2191 3(0.1) 2648 5(0.2)
Age—standardizedi' 0.3 (0.2—0.5) 0.6 (0.4—1.1) 0.1 (0.02—0.4) 0.2 (0.06—0.5)
(95% CI)
Based on best- Incident low vision* 40—49 1800 12 (0.7) 530 5(0.9) 664 5 (0.8) 606 2 (0.3)
corrected VA 50—59 2370 34 (1.4) 653 19 (2.9) 755 10 (1.3) 962 5 (0.5)
60—69 1628 (4.6) 401 38 (9.5) 541 15 (2.8) 686 22 (3.2)
70+ 721 96 (13.3) 211 46 (21.8) 183 17 (9.3) 327 33 (10.1)
Total 6519 217 (3.3) 1795 108 (6.0) 2143 47 (2.2) 2581 62 (2.4)
Age—standardizedi' 3.3 (2.9-3.8) 5.1 (4.1-6.2) 2.1 (1.5-2.9) 2.3 (1.8-3.0)
(95% CI)
Incident blindness*  40—49 1809 (0.00) 536 0 (0.0) 665 0 (0.0) 608 0 (0.0)
50—59 2393 (0.04) 667 1(0.2) 760 0 (0.0) 966 0 (0.0)
60—69 1683 0.1) 418 1(0.2) 563 1(0.2) 702 0 (0.0)
70+ 847 (1.3) 261 7(2.7) 208 1 (0.5) 378 3(0.8)
Total 6732 (0.2) 1882 9 (0.5) 2196 2 (0.09) 2654 3(0.1)
Age—standardized'i' 0.2 (0.1—0.4) 0.4 (0.2—0.8) 0.1 (0.01—0.4) 0.1 (0.02—0.4)
(95% CI)

CI = confidence interval; US = United States; VA = visual acuity.

*Based on US definition—low vision was defined as VA < 20/40 but > 20/200; blindness was defined as VA < 20/200.
fIncidences were evaluated and standardized to Singapore Population Census 2010.

years) contributed the highest PAR to incident best-
corrected VI (60.4%), followed by smaller housing type
(39.5%), no formal education (29.3%), Malay ethnicity
(25.3%), CKD (14.3%), and history of CVD (6.11%).

Table 10 shows the primary causes of incident presenting
and best-corrected VI over 6 years. Overall, undercorrected
refractive error (49.1%; n = 249) and cataract (82.6%;
n = 19) were leading causes for presenting low vision and
blindness, respectively. Cataract was also the leading cause
for best-corrected low vision (71.4%; n = 155) and blind-
ness (64.3%, n = 9). The primary causes of incident pre-
senting and best-corrected VI were similar across all
ethnicities (Table S11a, b).

Table 12 shows the percentage of subjects with baseline
presenting and best-corrected VI who remained visually
impaired over 6 years. Overall, 40.1% (n = 485) of subjects
with baseline presenting VI remained visually impaired over
6 years. For best-corrected VI, the proportion was 49.1%
(n = 109). These percentages were highest in Malay sub-
jects (52.8% for presenting VI; 58.1% for best-corrected
VI), followed by Indian subjects (37.2% for presenting
VI; 43.9% for best-corrected VI) and Chinese subjects
(32.4% for presenting VI; 43.0% for best-corrected VI). In
this regard, we evaluated the association between baseline
factors and the likelihood of remaining visually impaired

over 6 years (Table S13). Following adjustment for the
above-mentioned baseline covariates, older age (per
decade; RR = 1.17; 95% CI, 1.06—1.29), Malay ethnicity
(RR = 1.62; 95% CI, 1.35—1.94), Indian -ethnicity
(RR = 1.30; 95% CI, 1.06—1.58), monthly income SGD
< $2000 (RR = 1.70; 95% CI, 1.16—2.50), and no formal
education (RR = 1.23; 95% CI, 1.04—1.45) were signifi-
cantly associated with the likelihood of remaining visually
impaired over 6 years (based on presenting VA; all
P < 0.018). On the other hand, Malay ethnicity (RR = 1.56;
95% CI, 1.04—2.34) and history of CVD (RR = 1.54; 95%
CI, 1.06—2.23) were significantly associated with the like-
lihood of remaining visually impaired over 6 years (based
on best-corrected VA; all P < 0.030).

Discussion

In this multiethnic Asian population, we evaluated the
incidence and risk factors associated with incident VI over 6
years. Malays consistently demonstrated the highest inci-
dence of VI across all age groups. Among subjects with VI
at baseline, > 40% remained visually impaired after 6 years.
Importantly, the leading causes of incident VI were under-
corrected refractive error and cataract, both of which are
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Baseline Characteristics

Age, per decade
Female gender
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Table 8. Association Between Baseline Factors and Incident VI

Incident Presenting VI* (n = 514)

Relative Risk' (95% CI)

1.59 (1.42-1.77)
0.86 (0.71—1.04)

Ethnicity

Chinese Reference

Malay 1.60 (1.28—2.01)

Indian 1.05 (0.83—1.32)
Diabetes mellitus, yes 1.15 (0.95—1.38)
Hyperlipidemia, yes 0.85 (0.71—1.01)
Hypertension, yes 1.06 (0.86—1.30)
History of cardiovascular disease, yes 1.38 (1.09—1.76)
Chronic kidney disease, yes 0.96 (0.76—1.21)
Alcohol intake, yes 0.85 (0.60—1.22)
Current smoking 1.31 (1.03—1.67)
Body mass index, kg/m2 0.99 (0.97—1.01)

Type of housing
5-room public flat and better
3- to 4-room public flat
1- to 2-room public flat
Monthly income, n (%)
SGD > $2000
SGD < $2000
Education level, n (%)
Formal education'
No formal education

Reference
1.47 (1.17—-1.83)
2.01 (1.45—2.79)

Reference

1.31 (1.00—1.72)

Reference

1.63 (1.34—1.98)

P Value

< 0.001
0.109

< 0.001
0.698
0.148
0.065
0.604
0.009
0.712
0.380
0.027
0.563

0.001
< 0.001

0.050

< 0.001

Incident Best-Corrected VI* (n = 222)

Relative Risk' (95% CI)

2.30 (1.91-2.78)
0.99 (0.74—1.32)

Reference
2.10 (1.44—3.06)
1.01 (0.67—1.51)
1.20 (0.90—1.60)
0.72 (0.55—0.94)
1.23 (0.84—1.79)
1.47 (1.04—2.10)
1.56 (1.15—2.12)
1.42 (0.82—2.47)
0.74 (0.46—1.19)
0.95 (0.92—0.99)

Reference
1.70 (1.12—2.57)
3.63 (2.25—5.87)

Reference

1.58 (0.85—2.93)

Reference

1.78 (1.32-2.39)

P Value

< 0.001
0.937

< 0.001
0.981
0.222
0.015
0.294
0.031
0.004
0.210
0.216
0.008

0.012
< 0.001

0.144

< 0.001

CI = confidence interval; SGD = Singapore dollar; VI = visual impairment.

*Based on United States definition—visual impairment was defined as visual acuity < 20/40 (i.e., inclusive of low vision and blindness, based on better-
seeing eye).

Adjusted for age, gender, ethnicity, diabetes mellitus, hyperlipidemia, hypertension, history of cardiovascular disease, chronic kidney disease, alcohol intake,
current smoking, body mass index, type of housing, monthly income, and education level.

*Formal education was defined as having primary or higher education.

Table 10. Primary Causes of Incident Presenting and Best-Corrected VI Over 6 years

Incident Presenting VI* (n = 530) Incident Best-Corrected VI* (n = 231)

Causes of VI*# Low Vision* (n = 507) Blindness* (n = 23) Low Vision® (n = 217) Blindness* (n = 14)
Undercorrected refractive error 249 (49.1%) 1 (4.3%) N/A N/A
Cataract 196 (38.7%) 19 (82.6%) 155 (71.4%) 9 (64.3%)
Diabetic retinopathy 14 (2.8%) 0 (0.0%) 13 (6.0%) 0 (0.0%)
Posterior capsular opacification 13 (2.6%) 1 (4.3%) 8 (3.7%) 2 (14.3%)
Age-related macular degeneration 12 (2.4%) 0 (0.0%) 16 (7.4%) 0 (0.0%)
Maculopathy 5 (1.0%) 0 (0.0%) 10 (4.6%) 0 (0.0%)
Myopia maculopathy 5 (1.0%) 0 (0.0%) 2 (0.9%) 0 (0.0%)
Glaucoma 3 (0.6%) 1 (4.3%) 5(2.3%) 1 (7.1%)
Amblyopia 2 (0.4%) 0 (0.0%) 2 (0.9%) (0.0%)
Corneal diseases 2 (0.4%) 0 (0.0%) 2 (0.9%) O (O 0%)
Retinal vein occlusion 2 (0.4%) 0 (0.0%) 0 (0.0%) (0.0%)
Pterygium 1 (0.2%) 1 (4.3%) 0 (0.0%) 1 (7.1%)
Others 3 (0.6%) 0 (0.0%) 4 (1.8%) 1 (7.1%)

N/A = not applicable; VI = visual impairment.

Data are presented as number (percentage).

*Based on United States definition—low vision was defined as visual acuity (VA) < 20/40 but > 20/200; blindness was defined as VA < 20/200, based on
better-seeing eye.
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Table 12. Percentage of Subjects Who Remained Visually Impaired Over 6 Years™*

Owerdll

Remained Visually
Impaired Over

Vision Status Age (Year) n 6 Years (n [%])
Presenting VI* at baseline 40—49 155 42 (27.1)
50—59 307 108 (35.2)
60—69 394 140 (35.5)
70+ 352 195 (55.4)
Total 1208 485 (40.1)
Best-corrected VI* at baseline  40—49 11 5 (45.5)
50—59 23 9 (39.1)
60—69 61 27 (44.3)
70+ 127 68 (53.5)
Total 222 109 (49.1)

VI = visual impairment.

n

50
96
109
118
373

13
19
48
86

Subjects With Baseline VI*
Malay

Remained Visually

Indian Chinese

Remained Visually Remained Visually

Impaired Over Impaired Over Impaired Over
6 Years (n [%]) n 6 Years (n [%]) n 6 Years (n [%])
17 (34.0) 53 15 (28.3) 52 10 (19.2)
43 (44.8) 104 38 (36.5) 107 27 (25.2)
53 (48.6) 138 44 (31.9) 147 43 (29.3)
84 (71.2) 68 38 (55.9) 166 73 (44.0)
197 (52.8) 363 135 (37.2) 472 153 (32.4)
4 (66.7) 3 0 (0.0) 2 1 (50.0)
7 (53.8) 5 0 (0.0) 5 2 (40.0)
9 (47.4) 24 9 (37.5) 18 9 (50.0)
30 (62.5) 25 16 (64.0) 54 22 (40.7)
50 (58.1) 57 25 (43.9) 79 34 (43.0)

*Based on United States definition—visual impairment was defined as visual acuity < 20/40, based on better-seeing eye. Include subjects with low vision or
blindness at baseline who remained status quo over 6 years and those with low vision at baseline who deteriorated to blindness over 6 years.

readily treatable. To the best of our knowledge, this was the
first multiethnic population-based Asian study to examine
the incidence of VI. Notably, our multiethnic study cohort
provided us with a unique opportunity to evaluate the 3
main ethnicities in Asia, which represent > 70% of Asia’s
ethnic composition.”> Our study findings are pertinent in
further improving the accuracy of future VI burden
projection and its associated health care resource allocation.

Compared to studies conducted in non-Asian pop-
ulations, our incidence (based on US definition) was higher
for presenting low vision but generally lower for best-
corrected low vision (Table S1). On the other hand, when
comparing our annual incidence with other Asian studies,
we observed some disparities. The annual incidence of VI
among Indians in our study was lower than that reported
in the Andhra Pradesh Eye Disease Study. However, for
the Chinese population, our VI annual incidence was
higher than that in the Beijing Eye Study yet lower than
those in both the Liwan Eye Study and the Zhongshan
Ophthalmic Center Study. However, it is important to note
that these comparisons are somewhat rudimentary, as they
are not standardized to common population census data.
Furthermore, these studies are inherently different in terms
of study methodology and subject population. The
evaluation of VI incidence was based on different
definitions, and study participants had varying age groups,
ethnicity, and socioeconomic backgrounds. Therefore,
comparisons between study findings should be interpreted
with care.

Consistent with previous population studies,” "'~ %20
we found a significant association between older age and
incident VI. This relationship was anticipated as multiple
common causes of VI, including age-related macular
degeneration and cataracts, are strongly associated with
aging. Furthermore, systemic conditions like diabetes and

hypertension, which may be complicated by sight-
threatening conditions such as diabetic and h%/})ertensive
retinopathy, are also associated with aging.”” ”° We also
observed that Malays were approximately 1.5—2 times as
likely to develop incident presenting and best-corrected VI
compared to Indians and Chinese, in spite of relatively equal
access and subsidies to health care services in Singapore.
Despite being one of Asia’s largest ethnic groups, there are
no previous cohort studies that evaluated this aspect.

Among the baseline systemic conditions evaluated, his-
tory of CVD and CKD demonstrated a significant associa-
tion with incident best-corrected VI, suggesting a potential
link between these systemic conditions and ocular pathol-
ogies. In this regard, CKD and CVD share common disease
risk factors and pathologic pathways with several ocular
diseases.”’ ? Taken together, screening for systemic dis-
eases and administering timely interventions may mitigate
against incident VI.

In our study, we also observed that individuals with
smaller housing type and no formal education, both being
surrogates of lower socioeconomic status, were associated
with incident presenting and best-corrected VI. Previous
reports indicated that individuals of lower socioeconomic
status were observed to be less likely to participate in health
screening and more inclined toward alternative medicine."’
Specifically, lower levels of educational attainment may
directly influence an individual’s health literacy and
health-seeking behavior,”' placing them at higher risk of
ocular diseases and consequently VI.

The leading causes of incident presenting and best-
corrected VI were undercorrected refractive error and cata-
ract, respectively, both cumulatively accounting for the
majority of the VI cases. Importantly, these 2 conditions are
readily treatable, and intervention may vastly improve
quality of life."*"* By simply correcting for refractive error

7
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and providing access to cataract surgery, a substantial
proportion of low vision in the community may be
circumvented.

Remarkably, > 40% of subjects with baseline VI
remained visually impaired over 6 years (Table 12). In this
regard, we identified several baseline factors associated with
these individuals, namely older age, Malay ethnicity, Indian
ethnicity, history of CVD, monthly income SGD < $2000,
and no formal education (Table S13). This information is
pertinent for formulating targeted public health
interventional strategies for secondary and tertiary
prevention to ameliorate the burden of VI

The strengths of this study include its large population-
based sample, comprising 3 of the largest ethnicities in
Asia. In addition, we utilized a robust and standardized
methodology which enabled the evaluation of several
baseline factors and adjustment for multiple important
confounders. The longitudinal cohort study design also
provided us insights into the progression of individuals with
VI at baseline and the proportion which remained visually
impaired since baseline. Furthermore, we performed multi-
faceted evaluations on causes, predictive risk factors, and
PAR among identified factors. Nonetheless, our study has
its limitations. First, visual field deficit was not included as a

Footnotes and Disclosures

Originally received: March 29, 2023.

Final revision: August 23, 2023.

Accepted: August 28, 2023.

Available online: September 3, 2023. Manuscript no. XOPS-D-23-00068.
"Yong Loo Lin School of Medicine, National University of Singapore,
Singapore.

2 Singapore Eye Research Institute, Singapore National Eye Centre, Singapore.
* Eye Academic Clinical Program, Duke-NUS Medical School, Singapore.
“ Tsinghua Medicine, Tsinghua University, Beijing, China.

5 Centre for Innovation and Precision Eye Health & Department of
Ophthalmology, Yong Loo Lin School of Medicine, National University of
Singapore, Singapore.

6 School of Clinical Medicine, Beijing Tsinghua Changgung Hospital,
Beijing, China.

Disclosures:

All authors have completed and submitted the ICMJE disclosures form.
The authors have no proprietary or commercial interest in any materials
discussed in this article.

HUMAN SUBJECTS: Human subjects were included in this study. All
study procedures adhered to the principles of Declaration of Helsinki, and
ethical approval was obtained from the Singapore Eye Research Institute

References

1. James SL, Abate D, Abate KH, et al. Global, regional, and
national incidence, prevalence, and years lived with disability
for 354 diseases and injuries for 195 countries and territories,
1990—2017: a systematic analysis for the Global Burden of
Disease Study 2017. Lancet. 2018;392:1789—1858.

Volume 3, Number 4, December 2023

criterion in our definition of VI. This may potentially result
in slight underestimation of the incidence of VI due to
glaucoma. Second, among 8582 subjects who were eligible
at baseline for SEED-2, 1820 subjects did not return for
follow-up. Hence, loss to follow-up bias, an intrinsic
weakness of every cohort study, cannot be entirely
excluded. In this regard, subjects excluded from the final
analysis for incident presenting VI were older, more likely
to be Indians, Malays, smokers, have diabetes, hypertension,
history of CVD, CKD, higher BMI, smaller housing type,

lower monthly income, and no formal education
(Table S14). Given that several of these baseline
characteristics are associated with incident VI, the

incidence presented in our study may be marginally
underestimated.

In conclusion, in this multiethnic Asian adult population, 9
in 100 developed presenting low vision and 3 in 1000
developed blindness over 6 years. Compared to Indians and
Chinese, Malays had the highest incidence of VI. Importantly,
refractive error and cataract are the leading causes of VI, and
both are readily treatable with cost-effective interventions.
Our study findings are pertinent in further improving the
accuracy of future burden projection and formulating health
care strategies to alleviate the burden of VL.

institutional review board. All subjects provided written informed consent.
No animal subjects were used in this study.

Author Contributions:

Conception and Design: Lim, Chee, Cheng, Tham

Data Collection: Soh, Majithia, Sahil, Tan, Sabanayagam, Wong, Cheng,
Tham

Analysis and Interpretation: Lim, Chee, Tham

Obtained funding: N/A

Overall responsibility: Lim, Tham

Abbreviations/Acronyms:

BMI = body mass index; CI = confidence interval; CKD = chronic
kidney disease; CVD = cardiovascular disease; PAR = population attrib-
utable risk; RR = relative risk; SEED = Singapore Epidemiology of Eye
Diseases; SGD = Singapore dollar; US = United States; VA = visual
acuity; VI = visual impairment.

Keywords:

Incidence, Vision impairment, Low vision, Blindness, Asia.
Correspondence:

Yih-Chung Tham, PhD, Yong Loo Lin School of Medicine, National
University of Singapore, Level 13, MD1 Tahir Foundation Building, 12
Science Drive 2, Singapore 117549. E-mail: thamyc@nus.edu.sg.

2. Koberlein J, Beifus K, Schaffert C, Finger RP. The economic
burden of visual impairment and blindness: a systematic re-
view. BMJ Open. 2013;3:e003471.

3. Wang X, Lamoureux E, Zheng Y, et al. Health burden asso-
ciated with visual impairment in Singapore: the Singapore


mailto:thamyc@nus.edu.sg
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref1
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref1
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref1
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref1
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref1
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref1
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref1
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref2
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref2
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref2
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref3
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref3

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Lim et al + 6-Year Incidence of Visual Impairment

Epidemiology of Eye Disease Study. Ophthalmology.
2014;121:1837—1842.

. Bourne R, Steinmetz JD, Flaxman S, et al. Trends in preva-

lence of blindness and distance and near vision impairment
over 30 years: an analysis for the Global Burden of Disease
Study. Lancet Glob Health. 2021;9:e130—e143.

. Wang L, Huang W, He M, et al. Causes and five-year inci-

dence of blindness and visual impairment in urban Southern
China: the Liwan Eye Study. Invest Ophthalmol Vis Sci.
2013;54:4117—4121.

. Hashemi H, Mehravaran S, Emamian MH, Fotouhi A. Five-

year incidence of visual impairment in middle-aged Iranians:
the Shahroud Eye Cohort Study. Ophthalmic Epidemiol.
2017;24:11—16.

. Vijaya L, Asokan R, Panday M, et al. Baseline risk factors for

incidence of blindness in a South Indian population: the
Chennai Eye Disease Incidence Study. Invest Ophthalmol Vis
Sci. 2014;55:5545—5550.

. Han X, Liao C, Liu C, et al. Incidence and correction of vision

impairment among elderly population in southern urban China.
Clin Exp Ophthalmol. 2019;47:439—444.

. You QS, Xu L, Yang H, et al. Five-year incidence of visual

impairment and blindness in adult Chinese the Beijing Eye
Study. Ophthalmology. 2011;118:1069—1075.

Hu A, Gu SZ, Friedman DS, et al. Six-year incidence and
causes of low vision and blindness in a rural Chinese adult
population: the Handan Eye Study. Ophthalmic Epidemiol.
2021;28:160—168.

Khanna RC, Marmamula S, Pendri P, et al. Incidence, incident
causes, and risk factors of visual impairment and blindness in a
rural population in India: 15-year follow-up of the Andhra
Pradesh Eye Disease Study. Am J Ophthalmol. 2021;223:
322—332.

Hong T, Mitchell P, Rochtchina E, et al. Long-term changes in
visual acuity in an older population over a 15-year period: the
Blue Mountains Eye Study. Ophthalmology. 2013;120:
2091—2099.

Dimitrov PN, Mukesh BN, McCarty CA, Taylor HR. Five-
year incidence of bilateral cause-specific visual impairment in
the Melbourne Visual Impairment Project. Invest Ophthalmol
Vis Sci. 2003;44:5075—5081.

Gunnlaugsdottir E, Arnarsson A, Jonasson F. Five-year
incidence of visual impairment and blindness in older Ice-
landers: the Reykjavik Eye Study. Acta Ophthalmol.
2010;88:358—366.

Nucci C, Cedrone C, Culasso F, et al. Incidence of visual
loss in the Ponza Eye Study, Italy. Eye (Lond). 2005;19:
175—182.

Cedrone C, Culasso F, Cesareo M, et al. Incidence of blindness
and low vision in a sample population: the Priverno Eye Study,
Italy. Ophthalmology. 2003;110:584—588.

Bastawrous A, Mathenge W, Wing K, et al. Six-year incidence
of blindness and visual impairment in Kenya: the Nakuru Eye
Disease Cohort Study. Invest Ophthalmol Vis Sci. 2016;57:
5974—5983.

Hennis AJ, Wu SY, Nemesure B, et al. Nine-year incidence of
visual impairment in the Barbados Eye Studies. Ophthal-
mology. 2009;116:1461—1468.

Klein R, Lee KE, Gangnon RE, Klein BE. Incidence of visual
impairment over a 20-year period: the Beaver Dam Eye Study.
Ophthalmology. 2013;120:1210—1219.

Varma R, Chung J, Foong AW, et al. Four-year incidence
and progression of visual impairment in Latinos: the Los

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Angeles Latino Eye Study. Am J Ophthalmol. 2010;149:
713—7217.

World Medical Association. World Medical Association
Declaration of Helsinki: ethical principles for medical research
involving human subjects. JAMA. 2013;310:2191—-2194.
Lavanya R, Jeganathan VS, Zheng Y, et al. Methodology of
the Singapore Indian Chinese Cohort (SICC) Eye Study:
quantifying ethnic variations in the epidemiology of eye
diseases in Asians. Ophthalmic Epidemiol. 2009;16:
325—336.

Foong AW, Saw SM, Loo JL, et al. Rationale and method-
ology for a population-based study of eye diseases in Malay
people: the Singapore Malay Eye Study (SiMES). Ophthalmic
Epidemiol. 2007;14:25-35.

Sabanayagam C, Yip W, Gupta P, et al. Singapore Indian Eye
Study-2: methodology and impact of migration on systemic
and eye outcomes. Clin Exp Ophthalmol. 2017;45:779—789.
Rosman M, Zheng Y, Wong W, et al. Singapore Malay Eye
Study: rationale and methodology of 6-year follow-up study
(SIMES-2). Clin Exp Ophthalmol. 2012;40:557—568.
Majithia S, Tham YC, Chee ML, et al. Cohort profile: the
Singapore Epidemiology of Eye Diseases Study (SEED). Int J
Epidemiol. 2021;50:41—52.

Levey AS, Stevens LA, Schmid CH, et al. A new equation to
estimate glomerular filtration rate. Ann Intern Med. 2009;150:
604—612.

National Kidney Foundation. K/DOQI clinical practice
guidelines for chronic kidney disease: evaluation, classifica-
tion, and stratification. Am J Kidney Dis. 2002;39(2 Suppl 1):
S1-S266.

Levey AS, Coresh J, Balk E, et al. National Kidney Founda-
tion practice guidelines for chronic kidney disease: evaluation,
classification, and stratification. Ann Intern Med. 2003;139:
137—147.

Levey AS, Eckardt KU, Tsukamoto Y, et al. Definition and
classification of chronic kidney disease: a position statement
from kidney disease: improving global outcomes (KDIGO).
Kidney Int. 2005;67:2089—2100.

Department of Statistics Singapore. Singapore census of pop-
ulation 2010, statistical release 3: geographic, distribution and
transport. Department of Statistics Singapore. https://www.
singstat.gov.sg/publications/cop2010/census10_stat_release3;
2021. Accessed May 17, 2021.

United Nations Department of Economic and Social Affairs
(Population Division). World population prospects 2022.
https://population.un.org/wpp/. Accessed December 1, 2022.
Lionakis N, Mendrinos D, Sanidas E, et al. Hypertension in the
elderly. World J Cardiol. 2012;4:135—147.

Kirkman MS, Briscoe VJ, Clark N, et al. Diabetes in older
adults. Diabetes Care. 2012;35:2650.

Wang W, Lo ACY. Diabetic retinopathy: pathophysiology and
treatments. Int J Mol Sci. 2018;19:1816.

Tso MO, Jampol LM. Pathophysiology of hypertensive reti-
nopathy. Ophthalmology. Oct 1982;89:1132—1145.

Wong CW, Wong TY, Cheng CY, Sabanayagam C. Kidney
and eye diseases: common risk factors, etiological mecha-
nisms, and pathways. Kidney Int. 2014;85:1290—1302.
Nusinovici S, Sabanayagam C, Teo BW, et al. Vision
impairment in CKD patients: epidemiology, mechanisms,
differential diagnoses, and prevention. Am J Kidney Dis.
2019;73:846—857.

Flammer J, Konieczka K, Bruno RM, et al. The eye and the
heart. Eur Heart J. 2013;34:1270—1278.


http://refhub.elsevier.com/S2666-9145(23)00124-0/sref3
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref3
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref3
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref4
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref4
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref4
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref4
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref4
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref5
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref5
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref5
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref5
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref5
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref6
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref6
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref6
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref6
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref6
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref7
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref7
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref7
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref7
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref7
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref8
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref8
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref8
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref8
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref9
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref9
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref9
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref9
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref10
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref10
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref10
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref10
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref10
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref11
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref11
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref11
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref11
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref11
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref11
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref12
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref12
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref12
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref12
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref12
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref13
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref13
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref13
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref13
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref13
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref14
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref14
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref14
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref14
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref14
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref15
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref15
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref15
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref15
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref16
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref16
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref16
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref16
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref17
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref17
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref17
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref17
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref17
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref18
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref18
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref18
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref18
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref19
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref19
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref19
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref19
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref20
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref20
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref20
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref20
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref20
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref21
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref21
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref21
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref21
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref22
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref22
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref22
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref22
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref22
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref22
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref23
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref23
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref23
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref23
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref23
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref24
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref24
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref24
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref24
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref25
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref25
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref25
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref25
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref26
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref26
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref26
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref26
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref27
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref27
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref27
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref27
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref28
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref28
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref28
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref28
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref28
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref29
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref29
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref29
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref29
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref29
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref30
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref30
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref30
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref30
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref30
https://www.singstat.gov.sg/publications/cop2010/census10_stat_release3
https://www.singstat.gov.sg/publications/cop2010/census10_stat_release3
https://population.un.org/wpp/
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref33
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref33
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref33
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref34
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref34
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref35
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref35
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref36
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref36
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref36
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref37
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref37
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref37
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref37
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref38
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref38
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref38
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref38
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref38
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref39
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref39
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref39

40.

41.

10

Ophthalmology Science Volume 3, Number 4, December 2023

Chan CQH, Lee KH, Low LL. A systematic review of health
status, health seeking behaviour and healthcare utilisation of
low socioeconomic status populations in urban Singapore. Int
J Equity Health. 2018;17:39.

Zajacova A, Lawrence EM. The relationship between educa-
tion and health: reducing disparities through a contextual
approach. Annu Rev Public Health. 2018;39:273—289.

42. Lamoureux EL, Fenwick E, Pesudovs K, Tan D. The impact of

43.

cataract surgery on quality of life. Curr Opin Ophthalmol.
2011;22:19-27.

Owsley C, McGwin Jr G, Scilley K, et al. Effect of refractive
error correction on health-related quality of life and depression
in older nursing home residents. Arch Ophthalmol. 2007;125:
1471-1477.


http://refhub.elsevier.com/S2666-9145(23)00124-0/sref40
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref40
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref40
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref40
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref41
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref41
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref41
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref41
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref42
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref42
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref42
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref42
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref43
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref43
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref43
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref43
http://refhub.elsevier.com/S2666-9145(23)00124-0/sref43

	Six-Year Incidence of Visual Impairment in a Multiethnic Asian Population
	Methods
	Study Populations
	Vision Assessment
	Other Measurements and Systemic Assessments
	Statistical Analysis

	Results
	Discussion
	References


