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Abstract

Objectives To explore associations between visual impairment (VI) and mortality in an adult population in urban China.
Methods The Liwan Eye Study was a population-based prevalence survey conducted in Guangzhou, Southern China. The
baseline examination was carried out in 2003. All baseline participants were invited for the 10-year follow-up visit. VI was
defined as the visual acuity of 20/40 or worse in the better-seeing eye with habitual correction if worn. Correctable VI was
defined as the VI correctable to 20/40 or better by subjective refraction, and non-correctable VI was defined as the VI
correctable to worse than 20/40. Mortality rates were compared using the log-rank test and Cox proportional hazards
regression models.

Results Of the 1399 participants (mean age: 65.3 £9.93 years; 56.4% female) with available baseline visual acuity mea-
surement, 320 participants (22.9%) had VI. After 10 years, 314 (22.4%) participants died. Visually impaired participants had
a significantly increased 10-year mortality compared with those without VI (40.0% vs. 17.2%, P <0.05). After adjusting for
age, gender, income, educational attainment, BMI, history of diabetes and hypertension, both VI (HR, 1.55; 95% CI,
1.14-2.11) and non-correctable VI (HR, 2.72; 95% CI, 1.86-3.98) were significantly associated with poorer survival, while
correctable VI (HR, 0.99; 95% CI, 0.66—1.49) was not an independent risk factor for 10-year mortality.

Conclusions Our findings that VI, particularly non-correctable VI, predicting poorer survival may imply the underlying
mechanism behind VI-mortality association and reinforce the importance of preventing and treating disabling ocular diseases
to prevent premature mortality in the elderly.

Introduction

Visual impairment (VI) poses a significant global public
health burden among older populations and has a pro-
foundly negative effect on quality of life [1-5], self-reported
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health [6], and the ability to live independently [7, 8]. A
recent systematic review and meta-analysis reported that 1.3
billion people around the world are visually impaired and
36 million were suffering from blindness in 2015 [9]. It is
estimated that the number of people with VI and blindness
across the world is set to triple within the next few decades,
with the number of people affected by moderate to severe
VI expected to rise to 550 million, and blindness to 115
million by 2050 [9].

A growing body of scientific evidence has indicated that
VI is an independent risk factor for mortality [10-26].
However, there have been few studies that have addressed
this issue in Chinese adults, who have different risk profiles
of ocular diseases, systemic comorbidities, as well as health
care systems [15, 18, 19, 25-27]. The Chinese Longitudinal
Healthy Longevity Survey [18], the Tanjong Pagar study
[19] and the Southern Harbin eye study [15] have reported
significantly increased risk of all causes of mortality among
visually impaired persons. However, the Beijing eye study
has not found an independent relationship between VI and
S-year [25] or 10-year mortality rates [26]. Understanding
the relationship between VI and mortality may provide an
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insight into the management of VI and its impact on severe
life event such as mortality. Therefore, the purpose of the
present study was to investigate the relationship between VI
and 10-year mortality rates in an adult population in
southern urban China.

Patients and methods
Study population

The Liwan eye study is a population-based study carried out
in the Liwan district of Guangzhou, Southern China in
2003. Detailed information about the Liwan eye study had
been described elsewhere [28]. In brief, participants were
identified using cluster random sampling, and those aged
>50 years who were residents of the selected study cluster
for >6 months were considered eligible for participation.
Eligible participants were invited for a comprehensive eye
examination at a temporary research clinic established in the
community. At baseline, 1405 (75.4%) of 1864 eligible
participants completed eye examinations and ques-
tionnaires. A 5-year follow-up examination was conducted
in 2009, and a 10-year follow-up examination was con-
ducted from 2013 to April 2014. All baseline and follow-up
studies followed the same testing protocol.

Ethical approval for the study was obtained from the
Zhongshan University Ethics Review Board and the
Research Governance Committee of Moorfields Eye Hos-
pital, London. The study was conducted in accordance with
the tenets of the World Medical Association’s Declaration
of Helsinki. Written informed consent was obtained from all
participants.

Measurements

Presenting visual acuity (PVA) was measured with an Early
Treatment Diabetic Retinopathy Study visual acuity chart
with participants wearing their habitual correction. Best-
corrected visual acuity (BCVA) in each eye was measured
in participants with PVA <20/40 in either eye. VI was
defined as PVA <20/40 in the better-seeing eye. Partici-
pants with VI were further categorized into two groups:
correctable and non-correctable VI. Correctable VI was
defined as the VI correctable to 20/40 or better after sub-
jective refraction, and non-correctable VI was defined as the
VI correctable to worse than 20/40 by subjective refraction.

A comprehensive examination of the anterior segment
and posterior segment was performed using a slit-lamp
(TopconSL-8Z [Topcon, Tokyo, Japan] with a Nikon D1
digital image system [Nikon, Tokyo]) and a 78-diopter lens
at 16 times magnification by an experienced ophthalmolo-
gist (MH). A principal cause of VI or blindness was
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assigned by the same experienced ophthalmologist using a
15-item diagnostic checklist.

A short questionnaire was administered to collect details
of ophthalmic history, general medical history, family
income level, and educational attainment. Diabetes and
hypertension were defined based on self-reported history of
diagnosis or previous medication use. Height and weight
were measured using a standard calibrated scale. Body
mass index (BMI) was calculated as weight in kilograms
divided by the square of the height in centimetres and was
divided into three groups: underweight (BMI < 18.5 kg/m?),
normal or overweight (18.5-30.0 kg/m?), or obese (BMI >
30.0 kg/m?). Educational attainment was based on the
highest level of education attained and was divided into: did
not complete high school and high school or greater. Family
income level was classified as: <1000 RMB or more than
1000 RMB per month.

Mortality data

Confirmation of death during the 10-year follow-up per-
iod was obtained from the Chinese Centre for Disease
Control and Prevention (CDC). After providing the CDC
with a list of names, date of birth, gender and last known
address for participants who did not show up at the 10-
year follow-up examination. Researchers from the CDC
then provided a corresponding list of matched deaths
including date of death and cause of death. In addition to
CDC death index, we also contacted participants who did
not return at the 10-year follow-up visit by phones or
home visit to improve the reliability of the identification
of deaths. Those who did not show at the follow-up
examination and were not found to have records of deaths
were considered as survivors. Of note, most of them
(94.4%) could be contacted, which implied their survival
status. Therefore, the potential bias on the identification of
deaths in the present study was trivial.

Statistical analysis

All statistical analyses were performed using Stata (Version
10; Stata Corp, College Station, TX). The student’s ¢ test
was used to compare continuous variables, while Pearson’s
Chi-Square test or Fisher’s exact test was used for the
comparison of categorical data. Survival time was calcu-
lated for each participant from the date of baseline exam-
ination through to date of death or April 30, 2014,
whichever came first. The log-rank test was used to com-
pare different groups with respect to their survival dis-
tributions. The association between VI and 10-year
mortality was assessed using the Cox proportional hazards
regression model, after adjusting for age, gender, family
income, educational attainment, BMI and medical history of
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Table 1 Characteristics of participants categorized by presenting visual acuity at baseline examination.
Basic factors No visual Visual impairment, N (%) (PVA < 20/40) P value
impairment, N (%)
Correctable Non-correctable Total
(BCVA > 20/40) (BCVA < 20/40)
Total number (%) 1079 (77.1) 188 (13.5) 132 (9.43) 320 (22.9)
Age (year) <0.001
50-59 442 (41.0) 31 (16.5) 1 (0.76) 32 (10.0)
60-69 336 (31.1) 45 (23.9) 22 (16.7) 67 (20.9)
+70 301 (27.9) 112 (59.6) 109 (82.7) 221 (69.1)
Gender 0.026
Female 594 (55.1) 106 (56.4) 89 (67.4) 195 (60.9)
Education <0.001
No more than primary 808 (83.1) 114 (68.7) 53 (53.0) 167 (62.8)
middle school
Income 0.003
<1000 (RMB) 554 (72.4) 103 (76.3) 75 (89.3) 178 (81.3)
Body mass index (BMI) 0.201
Normal/overweight 676 (90.7) 114 (87.0) 60 (90.9) 174 (88.3)
(18.5-30.0 kg/m’)
Under weight 42 (5.64) 14 (10.7) 5 (7.58) 19 (9.64)
(<18.5 kg/m?)
Obese (>30.0 kg/m?) 27 (3.62) 3(2.29) 1(1.52) 4 (2.03)
Hypertension 0.552
Yes 405 (40.7) 75 (43.4) 50 (45.5) 125 (44.2)
Diabetes 0.004
Yes 90 (9.07) 21 (12.1) 21 (18.9) 42 (14.7)

PVA presenting visual acuity, BCVA best corrected visual acuity.

diabetes and hypertension. We adjusted for these variables
recognized widely as potential confounder for mortality
[29-33]. Hazard ratios (HR) and 95% CI were given. A
Proportional Hazard test was used to check the assumption
of cox proportional hazards model. A p value of <0.05 was
defined to indicate statistical significance. All variables
included in the Cox proportional hazards regression models
were found to be valid (all P values > 0.05).

Results

At baseline, PVA measurements were available for 1399
(99.6%) of the 1405 participants. Of the 1399 participants,
320 (22.9%) had VI. Table 1 shows the baseline char-
acteristics of participants categorized by the status of VL.

Compared to participants without VI, visually impaired
participants were older, female, more likely to have dia-
betes, had a lower level of educational attainment and lower
family income (all p values <0.05). There were no statis-
tically significant differences between groups for other
baseline characteristics.

By the end of April 2014 (median follow-up length: 9.38
years; range: 0.15-10.2 years), 314 (22.4%) of the 1399
participants had died. At baseline, those who died tended to
be older, male, underweight, have a lower level of

educational attainment and lower family income (all p
values < 0.05). No differences were found in those with a
medical history of hypertension and/or diabetes (Table 2).

Among the 320 visually impaired participants, 128
(40.0%) participants died during 10-year follow-up period.
The 10-year mortality rate was significantly higher in par-
ticipants with VI than in those without VI (40.0 % vs.
17.2%, log-rank P <0.05). The significant association
between VI and poorer survival rate was observed in the
crude model (HR, 2.69; 95% CI, 2.15-3.36), and this
association became weaker but still statistically significant
after adjusting for age and sex (HR, 1.84; 95% (I,
1.43-2.35). After further adjusting for BMI, education
level, family income, history of diabetes and hypertension,
as compared with participants without VI, those with VI
were significantly likely to have poorer survival (HR, 1.55;
95% CI, 1.14-2.11). When dividing visually impaired
participants into those with correctable and non-correctable
VI, the presence of non-correctable VI was significantly
associated with a 172% greater risk of 10-year mortality in
the multivariable adjusted model (HR, 2.72; 95% CI,
1.86-3.98), while correctable VI was not an independent
risk factor for 10-year mortality after adjusting for con-
founding factors (HR, 0.99; 95% CI, 0.66—1.49) (Table 3).
The multivariate-adjusted survival curves stratified by VI
status are shown in Fig. 1.
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Table 2 Distribution of basic characters associated with mortality at
baseline in Liwan Eye study.

Basic factors Died, Alive, P value
N (%) N (%)

Total number (%) 314 (22.4) 1085 (77.6)

Age (year) <0.001
50-59 23 (7.32) 451 (41.6)

60-69 67 (21.3) 336 (31.0)
+70 224 (71.4) 298 (27.4)

Gender <0.001
Female 148 (47.1) 641 (59.1)

Education <0.001
No more than primary 161 (67.9) 814 (81.3)
middle school

Income 0.001
<1000 RMB 179 (82.9) 553 (72.0)

Body mass index (BMI) 0.004
Normal/overweight 167 (85.2) 683 (91.6)
(18.5-30.0 kg/m?)

Under weight (<18.5 kg/m?) 23 (11.7) 38 (5.09)
Obese (>30.0 kg/m?) 6 (3.06) 25 (3.35)

Hypertension 0.328
Yes 114 (44.2) 416 (40.8)

Diabetes 0.155
Yes 33 (12.7) 99 (9.72)

Discussion

This present study found that those with VI had a poorer
survival rate relative to those without VI, even after adjusting
for age, gender, BMI, education level, family income, history
of diabetes, and hypertension. Furthermore, we found that VI
due to refractive error was not an independent risk factor for
long-term survival, while there was nearly a threefold higher
risk of mortality for those with non-correctable VI which was
independent of confounding factors.

The association between VI and mortality has been
consistently reported in Western populations [10-26].
However, growing evidence suggests that Chinese adults
have a different ocular diseases’ spectrum, risk factors for
ocular diseases, and systemic comorbidities relative to
Western populations [27]. The association between VI and
mortality in Chinese adults remains inclusive. In our study,
we observed that the 10-year mortality rate among partici-
pants with VI were significantly higher than those without
VI. This association became attenuated after adjusting for
other potential confounders but remained statistically
greater. Our findings are comparable to several studies
which also included Chinese adults. The Chinese Long-
itudinal Healthy Longevity Survey [18] concluded that VI
was an independent predictor of 3-year mortality. The
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Southern Harbin eye study [15], based on a northern Chi-
nese population, reported a significant association between
VI and 4-year mortality. Similarly, in a Chinese population
in Singapore [19], VI was independently associated with an
increased risk of mortality. On the contrary, the Beijing eye
study did not find an independent relationship between VI
and 5-year [25] or 10-year mortality [26]. These disparate
findings may be due to differences in study design, meth-
odology, geographic environment, study population, and
definitions. Firstly, the inclusion criteria (age 240 vs. 250
years old) and the demographic characteristics (rural and
urban vs. urban) of participants in the Beijing Eye Study
were different from our study. Secondly, the Beijing Eye
Study investigated VI based on BCVA, instead of PVA in
our study, as a risk factor of mortality. Thirdly, logistic
regression model, instead of Cox proportional hazards
regression model was used in the Beijing Eye Study.
Finally, the discrepancy in the selection of confounding
factors might also explained the conflicting results between
the Beijing Eye Study and the present study.

There are several possible explanations for the association
of VI and mortality. Growing evidence has suggested that the
association between VI and increased risk of mortality is due
to functional disability attributable to poor VA. Zheng et al.
[34] suggests that VI increases the risk of mortality directly
and indirectly through its adverse impact on mental wellbeing.
The presence of VI has been reported to be associated with
psychosocial conditions including social isolation [35], cog-
nitive impairment [36], loss of independence [37], need for
community support [38, 39], reduced social interaction [40],
and depression [36]. Furthermore, many studies indicate that
VI is strongly related to increased risk of accidents, falls, and
fractures [36, 41, 42], which directly increase the risk of
mortality. On the other hand, VI may be a marker of systemic
aging and frailty. It has been proposed that VI related to ocular
diseases and several systemic conditions may share a common
underlying pathogenesis [43, 44]. In the present analysis, we
found VI due to refractive error was not significantly asso-
ciated with mortality, while non-correctable VI predicted an
increased risk of mortality. Our findings imply that functional
disabilities caused by poorer visual acuity may only explain a
small proportion of the VI-mortality association. The poorer
survival among visually impaired participants is more likely to
suggest that aging and frailty associated with ocular diseases,
such as cataract and age-related macular degeneration, which
is corroborated by previous studies [36, 45, 46]. Further stu-
dies are needed to explore the underlying mechanisms
between VI and poor survival.

Results from the present study have relevant public
health implications for the management of VI. Firstly, the
consistent association between VI and mortality reported
in our study and previous studies reinforces the impor-
tance of vision screening and preventive strategies for
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Table 3 Cox proportional
hazards regression models

HR (95% CI)

between presenting visual acuity Crude Age and gender adjusted Multivariable adjusted®
in the better-seeing eye and 10-
year mortality. Visual acuity

PVA >20/40 Reference Reference Reference

VI (PVA < 20/40)
Correctable VI

Non-correctable VI

2.69 (2.15, 3.36)
1.66 (1.22, 2.27)
4.44 (3.49, 5.94)

1.84 (1.43, 2.35)
1.29 (0.94, 1.78)
2.81 (2.08, 3.81)

1.55 (1.14, 2.11)
0.99 (0.66, 1.49)
2.72 (1.86, 3.98)

HR hazard ratio, CI confidence interval, PVA presenting visual acuity, VI visual impairment.

*Adjusted for age, gender, body mass index, educational attainment, family income, history of diabetes and

hypertension.
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Fig. 1 Surval curves for visual impairment and 10-year mortality.
Survival curves were adjusted for age, sex, history of diabetes and
hypertension, body mass index, educational attainment and family
income. Blue, red and green curves indicate the surivial curve for no
visual impairment, correctable and non-correctable visual impairment,
respectively.

ocular disease in the elderly. Secondly, some studies have
shown that correction of VI can improve survival rate in
older adults [47-49]. Rehabilitation of reversible VI, such
as performing cataract surgery, may potentially improve
long-term survival rates, although this would require
further confirmation.

There are several strengths of our study. Firstly, the
Liwan Eye Study is a population-based cohort study that
uses a standard protocol. Secondly, VA was performed by
an experienced optometrist to ensure measurement relia-
bility. Finally, the Cox proportional hazards regression
model used in the current study has an advantage over
traditional logistic regression model on survival analysis
because the censored time was considered. One limitation
of this study was that the baseline questionnaire collection
was not able to capture all potential confounding factors due
to pragmatic reasons in the field work, therefore it was not
possible to investigate the confounding effects on some
confirmed risk factors on mortality, such as smoking and

cardiovascular disease [50, 51]. Another limitation in the
present study was the missing information on the specific
cause of mortality for half of the participants. More studies
are needed to explore the association between VI and spe-
cific cause of mortality. Finally, the current study only
explored high contrast visual acuity, which tests only one
component of visual function. Further studies are needed to
assess the effect of other visual function, such as visual field
and contrast sensitivity, on mortality.

In conclusion, we found a strong association between VI
and mortality in an urban Chinese population, particularly
for non-correctable VI. Our study found the significant
association between VI and mortality, highlighting the
importance of preventing and treating VI to prevent pre-
mature mortality. Further studies exploring the mechanisms
underlying VI-mortality association are needed.

Summary
What was known before

e Many studies indicated that visial impairment was an
independent risk factor for mortality.However, there
have been few studies that have addressed this issue in
Chinese adults who have different disease profile.

What this study adds

e VI, particularly non-correctable VI, was an independent
risk factor for mortality in this adult population in
urban China
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