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ABSTRACT

Objective To compare the effects of pre-existing

and new self-reported vision impairment (VI), and its
correction, on all-cause mortality among Chinese adults
aged 45 years and older.

Methods We used four waves of data from the

China Health and Retirement Longitudinal Study. Our
analytical cohort consists of 15808 participants aged

45 years and older with an average follow-up of 6.4
years. Exposures included pre-existing self-reported VI
and vision correction (time-independent exposures), new
self-reported VI and vision correction (time-dependent
exposures). Outcomes were measured as the risk of
all-cause mortality and the risk stratification for pre-
specified factors.

Results Compared with participants with normal vision,
all-cause mortality was higher among those with pre-
existing self-reported VI (crude HR (cHR)=1.29, 95% CI:
1.17 to 1.44; adjusted HR (aHR)=1.22, 95% CI: 1.09 to
1.37) and new self-reported VI (c(HR=1.42, 95% Cl: 1.28
to 1.58; aHR=1.36, 95% CI: 1.21 to 1.51). Mortality
risk was lower among those with high school or higher
education. Participants who were wearing eyeglasses/
contact lenses or had cataract surgery at baseline

did not have significantly higher all-cause mortality
(eyeglasses: aHR=0.82, 95% Cl: 0.65 to 1.02; cataract
surgery: aHR=1.12, 95% Cl: 0.74 to 1.69) compared
with participants with normal vision. The same was true
among participants with new correction of self-reported
VI (glasses: aHR=1.01, 95% Cl: 0.78 to 1.24; cataract
surgery: aHR=0.95, 95% Cl: 0.68 to 1.31).
Conclusions Both pre-existing and new self-reported VI
increase all-cause mortality among Chinese adults aged
45 years and older, though visual correction reduces this
risk.

INTRODUCTION

The burden of vision impairment (VI) has become a
global public health issue. More than half a billion
people are blind or have VI around the world.! Due
to the growth and ageing of the world’s popula-
tion, the prevalence of VI and blindness is projected
to more than double in the next 30 years.” VI has
become an important driver of avoidable healthcare
utilisation, rising health expenditures, low quality
of life and other adverse health outcomes.” Some
recently published systematic reviews and meta-
analyses have recognised VI as an independent risk
factor for mortality.®’

,%3 Xiaochen Ma*

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Vision impairment (VI) is associated with
mortality. However, little is known about how
existing and new self-reported VI influence
mortality risk among older adults.

WHAT THIS STUDY ADDS

= In this cohort study of Chinese residents aged
45 and older, all-cause mortality was higher
among participants with self-reported existing
(aHR=1.22, 95%Cl: 1.09 to 1.37) or new VI
(aHR=1.36,95%Cl: 1.21 to 1.51). However,
participants with corrected VI did not have a
higher mortality risk compared with those with
normal vision.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Our finding that VI correction with glasses and
cataract surgery can reduce mortality by at
least 12% provides a strong impetus for further
government investment in ophthalmology and
optometry practices in China and other low-

income and middle-income countries.

Although more than 80% of people with VI and
blindness live in low-income and middle-income
countries (LMICs),! limited evidence on the
impacts of VI has been collected from these areas.
As the most populous and rapidly ageing LMIC,
China had 59.28 million people with moderate-to-
severe VI or blindness in 2019, nearly equivalent
to the entire population of the UK.'> However,
few studies have investigated longitudinal asso-
ciations between VI and mortality in China and
other LMICs."" Most of these studies were based
on regional data and provided inconsistent results,
and few have reported on nationally representative
cohort data.

The leading causes of VI and blindness worldwide
are cataract and uncorrected refractive error, both
of which are easily treatable with inexpensive and
cost-effective interventions.'> Although previous
population-based cohort studies in high-income
countries have shown that older people with
unoperated cataract'® or cataract surgical patients
with persistent visual impairment'* increased their
mortality and a gain in visual acuity was associated
with a reduced risk of death,® little evidence exists
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regarding the effect of vision correction on mortality in China
and other LMICs. Additional data would inform interventions to
alleviate the increasing burden of VI.

Existing studies within and outside China also suffer from
methodological limitations. Due in part to limited data, avail-
able studies are inconsistent in their inclusion of potential
confounders."™"® A framework-based empirical approach
to adjusting for such confounders is needed to better charac-
terise the impact of VI on mortality. Additionally, few studies
examining the association between vision and mortality have
distinguished between pre-existing and new VI. Time-varying
statistical models are needed to account for temporal effects and
estimate the impact of both fixed vision loss and declining vision
function on mortality.

The current study aims to address these issues by analysing
a nationally representative prospective cohort of older Chinese
adults, following a framework-based empirical approach
that captures time-varying changes in exposure and potential
confounders. This will be accomplished by: (1) characterising
the longitudinal relationships of pre-existing and new VI with
mortality and (2) estimating the protective effect of vision correc-
tion (cataract surgery and refractive correction with glasses) on
all-cause mortality. We hypothesise that both pre-existing and
new VI are associated with all-cause mortality, while either cata-
ract surgery or refractive correction with glasses would show
protective effects among older adults with pre-existing and new
VL

METHODS

Data and sampling

This study used data from the 2011 baseline and 2013 (wave 2),
2015 (wave 3) and 2018 (wave 4) follow-up surveys of the China
Health and Retirement Longitudinal Study (CHARLS). CHARLS
is a nationally representative, biennial prospective cohort study
of Chinese adults aged=435 years and their spouses. Using strat-
ified multistage probability-proportional-to-size sampling,"
CHARLS covered 28 provinces, 150 counties/districts and 450
villages/communities, enrolling 17708 participants in 10257
households, at an overall response rate of 80.5%, in the baseline
survey. Of the 17708 baseline participants, 1332 (11.4%) were
excluded from our analyses due to lack of self-reported distance
vision, and 440 (3.8%) due to ineligible or missing age data.
Therefore, our analytical cohort consisted of 15808 participants
(table 1). Follow-up rates were 87.1% (13 775/15 808) in 2013,
83.6% (13 209/15 808) in 2015 and 77.8% (12 293/15 808) in
2018.

Conceptual framework

Following a recently published systematic review on global eye

health and meta-analysis on the association between VI and

mortality,” ?°*' our empirical analysis is based on the following
framework (online supplemental figure S1):

1. Direct pathways through the effect of VI on systemic health:
increased risk of chronic disease, decreased functional status,
frailty.

2. Indirect pathways through activity and participation: re-
duced access to healthcare, increased injuries, limitations in
physical activity, increased risk of social isolation, leading to
depression and dementia.

3. Shared common risk factors (individual-level traits, environ-
mental and health system characteristics) including smok-
ing, alcohol consumption, socioeconomic status (SES) and

conditions with both ocular and systemic manifestations (eg,
cardiovascular disease, diabetes, hypertension, stroke).
The richness of the variables in the CHARLS question-
naire allowed us to include important potential covariates and
confounders that were unavailable in previous studies.

Assessment of outcomes and predictors
Exposures: self-reported VI and vision correction
In CHARLS, self-reported VI and vision correction were assessed
at the baseline and following two follow-up waves (2011, 2013
and 2015). Self-reported VI is assessed using the following ques-
tion: ‘how good is your eyesight for seeing things at a distance,
such as recognising a friend from across the street (with glasses or
corrective lenses if you wear them)? Would you say your eyesight
for seeing things at a distance is excellent, very good, good, fair
or poor?’ Following previous studies, a binary classification of
VI (Unless specifically stated, we do not distinguish between
‘self-reported VI’ and ‘VI’ in the following description of the
CHARLS results.) was defined by self-reported ‘poor’ vision.**
Otherwise, the participants were classified as having ‘normal
vision’ (when participants self-reported their eyesight for seeing
things at a distance was ‘excellent’, ‘very good’, ‘good’ or “fair’).
In addition, two questions on vision correction were asked:
‘do you usually wear glasses or corrective lenses?” and ‘have you
ever had cataract surgery?” Thus, we were able to distinguish
between participants with normal vision who had had vision
correction and those who had not. Specifically, we divided the
sample into four categories: normal vision without vision correc-
tion, normal vision after cataract surgery, normal vision regu-
larly wearing eyeglasses and VI. If the participant had cataract
surgery or wore glasses but had remaining VI, we would still
classify him/her as “VI'.

Outcome: all-cause mortality

Mortality data were collected in the three follow-up waves
(2013, 2015 and 2018). In the 2013 wave, the mortality status
of the interviewee (dead, alive, do not know), the interview date
(year and month) and the date of death (year and month) were
recorded. For those who had died by the time of the 2013 wave
(wave 2), survival time was calculated as the interval between
the date of interview in wave 1 and the date of death. However,
in the following 2015 and 2018 waves, only the interviewee’s
mortality status was available for those who died during this
wave, but not the date of death. To address this, the survival
times of participants who had died were estimated as the median
of the interval between the prior interview and the interview
during the follow-up wave. For example, for those who were
alive at the time of the 2013 interview, but had died by the 2015
wave, the survival time was the median interval between the
interview dates in the 2013 and 2015 waves.”

Other covariates

Covariates were collected at the baseline survey and in the next
two follow-up waves (2011, 2013 and 2015). Demographic
and SES covariates included age, sex, official residential status
(rural vs urban), marital status, education and geographic census
region. Health status covariates included body mass index
(BMI), hypertension and the number of other comorbidities
(including diabetes, cancer, lung disease, heart problem, stroke,
arthritis, dyslipidaemia, liver disease, kidney disease, stomach
disease, asthma and memory problem).** Behavioural covariates
included alcohol consumption and tobacco use.
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Table 1 Baseline characteristics
Full sample No self-reported VI Self-reported VI
N=15808 N=12164 N=3644 P value

Demographic characteristics
Age at surgery, mean (SD), years 59.2 (9.7) 58.1(9.3) 62.8 (10.1) <0.001
Sex: male, n (%) 7547 (47.7%) 6124 (50.3%) 1423 (39.1%) <0.001
Marriage status: married or partnered, n (%) 13761 (87.1%) 10792 (88.7%) 2969 (81.5%) <0.001
Official residential status: rural, n (%) 12222 (77.3%) 9176 (75.5%) 3046 (83.6%) <0.001
Education: high school and above, n (%) 1990 (12.6%) 1762 (14.5%) 228 (6.3%) <0.001
Area of residence, n (%)

1. Eastern China 5000 (31.6%) 4006 (32.9%) 994 (27.3%) <0.001

2. Middle 4484 (28.4%) 3349 (27.5%) 1135 (31.1%)

3. Western China 5155 (32.6%) 3861 (31.7%) 1294 (35.5%)
Health status
Body mass index, mean (SD), years 23.5 (4.0) 23.6 (4.0) 23.1(3.9) <0.001
Ever had hypertension, n (%) 6296 (40.0%) 4635 (38.3%) 1661 (45.8%) <0.001
Number of comorbidities, mean (SD) 1.2(1.2) 1.1(1.1) 1.6 (1.3) <0.001
Health-related lifestyle
Heavy consumption of alcohol, n (%) 1308 (8.3%) 1048 (8.6%) 260 (7.1%) 0.004
Current smoker, n (%) 6252 (39.6%) 4944 (40.7%) 1308 (35.9%) <0.001
Direct pathways
Frailty, n (%)

1. Not frail 4450 (36.6%) 3817 (40.5%) 633 (23.2%) <0.001

2. At risk for frailty 7262 (59.8%) 5355 (56.8%) 1907 (69.9%)

3. Frail 441 (3.6%) 252 (2.7%) 189 (6.9%)
Disability, n (%)

1. Activities of daily living (ADLs) disability 860 (5.4%) 456 (3.7%) 404 (11.1%) <0.001

2. Instrumental ADLs disability 2019 (12.8%) 1104 (9.1%) 915 (25.1%) <0.001
Indirect pathways
Injuries
Have fallen in the last 2 years, n (%) 2508 (15.9%) 1650 (13.6%) 858 (23.7%) <0.001
Healthcare utilisation
Not seeking medical care in last month, n (%) 1121 (7.1%) 753 (6.2%) 368 (10.1%) <0.001
Undergoing physical examination in the last year, n (%) 7225 (45.8%) 5580 (46.0%) 1645 (45.3%) 0.416
Wearing glasses, n (%) 1821 (11.5%) 1361 (11.2%) 460 (12.6%) 0.017
Had cataract surgery, n (%) 295 (1.9%) 150 (1.2%) 145 (4.1%) <0.001
Social engagement and mental well-being
Social isolation, n (%)

1. Not isolated 5925 (38.5%) 4862 (40.9%) 1063 (30.1%) <0.001

2. Moderate isolation 7810 (50.7%) 5936 (50.0%) 1874 (53.1%)

3. Severe isolation 1669 (10.8%) 1077 (9.1%) 592 (16.8%)
Depression present 5789 (37.1%) 3765 (31.3%) 2024 (56.6%) <0.001

Source: CHARLS 2011 Baseline.
VI, visual impairment.

According to our conceptual framework, we used frailty and
disability (activities of daily living (ADLs), instrumental ADLs)
to capture direct pathways for the effect of self-reported VI on
systemic health. Indirect pathways were measured by healthcare
utilisation (including having sought medical care in the past
month and undergoing physical examination in the past year),
injuries (had fallen in the last 2 years) and mental and social well-
being (depressive symptoms and social isolation). We followed
previous studies in our analysis of hypertension and disability
in CHARLS® 2°: depressive symptoms were assessed using the
10-item short form of the Centre for Epidemiologic Studies
Depression Scale-10?"*%; social isolation was measured using the
social integration index**; frailty was measured with the Physical
Frailty Phenotype Score, which included assessments of weak-
ness, slowness, exhaustion and inactivity.”’ 3

Statistical analyses
Time-varying covariance commonly occurs when covariates
change over a period of follow-up. In this case, a covariate’s effect
on the outcome (HR) may not be constant over time, which is a
violation of the proportional hazard assumption for traditional
Cox regression models.’’* Following previous studies,’
we used two analytic approaches. We first used traditional Cox
regression models to investigate the effects of pre-existing VI
(defined as VI reported by participants at baseline) on mortality,
then we employed the time-dependent covariates Cox regression
model*® to investigate the mortality impact of new VI (defined as
VI occurring during follow-up and before death), treating self-
reported VI as a time-varying exposure.

Following our conceptual framework, our empirical analysis
incorporates six models (online supplemental figure S2). Model
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1 is our base model, the longitudinal relationship between self-
reported VI and death are reported adjusted for age and sex,
the two commonly used confounders for mortality and VI in
previous analyses.” *” Model 2 is our fully adjusted model, we
reported our main analysis results further adjusted for demo-
graphic and SES variables, health status and behavioural covari-
ates. Based on model 2, we also created four different models
to test for potential mediation of direct pathway (model 3)
and three different indirect pathways (models 4-6) following
our analytical framework*': variables characterising frailty and
disability were analysed to test the impact of the direct pathway
(model 3). Regarding the indirect pathway, model 4 included the
additional variable describing whether the participant fell over
the past year. Care-seeking and participation in general health
screenings in the past year were included in model 5 to assess the
effects of healthcare utilisation. In model 6, we have included
adjustment for mental and social well-being covariates. To assess
effect modification by SES, analyses in table 2 were stratified by
sex, official residence status and educational level (tables 2 and
3).

To examine the protective effect of vision correction (cata-
ract surgery and refractive correction with glasses) on mortality
risk, we divided participants into four categories: normal vision
without vision correction, normal vision after cataract surgery,
normal vision while regularly wearing eyeglasses and vision
impaired. Each of the four categories was treated as fixed (for
pre-existing VI at baseline) or time-varying (for new VI), through
the application of traditional or time-dependent Cox regression
models, respectively.

All analyses were performed using the ‘survival” package of R
software V.4.0.2 (R Core Team) and STATA V.16.0 (StataCorp
LLC, Texas, USA).

RESULTS

Baseline characteristics

Among the baseline cohort of 15808 Chinese adults aged 45
years and older followed for an average period of 6.4 years,
the mean age was 59.2 years, 52.3% were women and 23.1%
(n=3644) had VI (table 1). Participants without self-reported VI
had higher SES: they were younger (58.1 vs 62.8, p<0.001),
and more likely to be men (50.3% vs 39.1%, p<0.001), urban
dwellers (24.5% vs 16.4%, p<0.001), married (88.7% vs
81.5%, p<0.001) and have graduated from high school (14.5%
vs 6.3%, p<0.001). Regarding health status, participants with
pre-existing VI had lower BMI (23.1 vs 23.6, p<0.001), and a
higher prevalence of hypertension (45.8% vs 38.3%, p<0.001),
frailty (6.9% vs 2.7%, p<0.001), disability (11.1% vs 3.7%,
p<0.001) and other chronic conditions (number of comorbidi-
ties: 1.6 vs 1.1, p<0.001). Participants with pre-existing VI were
significantly less likely to have sought medical care in the last
month (6.2% vs 10.1%, p<0.001), but were significantly more
likely to wear glasses (12.6% vs 11.2%, p=0.017) or have had
cataract surgery (4.1% vs 1.2%, p<0.001). In addition, partic-
ipants with pre-existing VI were significantly more likely than
those without to be depressed (56.6 vs 31.3%, p<0.001) and
to experience severe social isolation (16.8% vs 9.1%, p<0.001)
(table 1).

Association between self-reported pre-existing and new VI
and mortality

Compared with participants without self-reported VI, there was
a larger increase in all-cause mortality for participants with VI
at baseline (between 2011 and 2013: 4.29% vs 2.1%, p=0.001;

Table 2  Association between all-cause mortality and VI: stratified
by socioeconomic status

HR 95%Cl

Model 1

New VI 1.42 1.28t0 1.58
Pre-existing VI 1.29 11710 1.44
New VI: male 1.46 1.27t0 1.68
Pre-existing VI: male 1.29 1.17to 1.44
New VI: female 1.37 1.17 t0 1.60
Pre-existing VI: female 1.27 1.08 to 1.48
New VI: rural 1.32 1.17 t0 1.49
Pre-existing VI: rural 1.20 1.07t01.35
New VI: urban 1.59 1.24102.04
Pre-existing VI: urban 1.59 1.24102.04
New VI: finished high school and above 0.91 0.49 t0 1.68
Pre-existing VI: finished high school and above 0.90 0.49 to 1.67
New VI: finished middle school and below 1.41 1.27 t0 1.57
Pre-existing VI: finished middle school and below 1.28 1.15t01.43
Model 2

New VI 1.36 1.21t0 1.51
Pre-existing VI 1.22 1.08 to 1.37
New VI: male 1.38 1.19t0 1.60
Pre-existing VI: male 1.20 1.02 to 1.40
New VI: female 1.32 1.11 t0 1.56
Pre-existing VI: female 1.25 1.05 to 1.50
New VI: rural 1.32 1.17 t0 1.49
Pre-existing VI: rural 1.15 1.02 to 1.31
New VI: urban 1.52 1.17 10 1.99
Pre-existing VI: urban 1.55 1.16 t0 2.08
New VI: finished high school and above 0.85 0.43t0 1.67
Pre-existing V!I: finished high school and above 0.69 0.31t0 1.53
New VI: finished middle school and below 1.38 1.23t01.54
Pre-existing VI: finished middle school and below 1.23 1.09t0 1.39
Model 3

New VI 1.09 0.96 to 1.24
Pre-existing VI 1.08 0.95t0 1.23
New VI: male 1.15 0.98t0 1.36
Pre-existing VI: male 1.1 0.93t0 1.31
New VI: female 1.00 0.82t01.22
Pre-existing VI: female 1.04 0.85t01.28
New VI: rural 1.06 0.94t01.21
Pre-existing VI: rural 1.02 0.891t01.18
New VI: urban 1.21 0.88 t0 1.67
Pre-existing VI: urban 1.27 0.90to 1.79
New VI: finished high school and above 0.46 0.19t0 1.14
Pre-existing VI: finished high school and above 0.52 0.20t0 1.34
New VI: finished middle school and below 1.13 0.99t01.28
Pre-existing VI: finished middle school and below 1.10 0.97t0 1.26
Model 4

New VI 1.34 1.20to0 1.49
Pre-existing VI 1.22 1.08 to 1.37
New VI: male 1.37 1.18t0 1.58
Pre-existing VI: male 1.20 1.02 to 1.40
New VI: female 1.29 1.09 to 1.53
Pre-existing VI: female 1.25 1.04 to 1.50
New VI: rural 1.30 1.15 to 1.47
Pre-existing VI: rural 1.16 1.02 to 1.32
New VI: urban 1.49 1.14 t0 1.95
Pre-existing VI: urban 1.58 1.18t02.12
New VI: finished high school and above 0.72 0.35t01.48

Continued
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Table 2 Continued

HR 95%Cl

Pre-existing VI: finished high school and above 0.67 0.30to 1.49
New VI: finished middle school and below 1.36 1.22 t0 1.52
Pre-existing VI: finished middle school and below 1.24 1.10t0 1.39
Model 5

New VI 1.34 1.20 to 1.50
Pre-existing VI 1.22 1.08 to 1.37
New VI: male 1.37 1.18t0 1.58
Pre-existing VI: male 1.20 1.02 to 1.40
New VI: female 1.30 1.10to 1.54
Pre-existing VI: female 1.25 1.04 to 1.49
New VI: rural 1.31 1.16 to 1.47
Pre-existing VI: rural 1.16 1.02to 1.31
New VI: urban 1.49 1.1410 1.95
Pre-existing VI: urban 1.59 1.19t02.14
New VI: finished high school and above 0.80 0.40 to 1.59
Pre-existing VI: finished high school and above 0.69 0.30 to 1.54
New VI: finished middle school and below 1.36 1.22t01.52
Pre-existing VI: finished middle school and below 1.23 1.10t0 1.39
Model 6

New VI 1.26 1.12 to 1.41
Pre-existing VI 1.14 1.01t01.29
New VI: male 1.29 1.11 t0 1.50
Pre-existing VI: male 1.12 0.95t01.32
New VI: female 1.22 1.02 to 1.45
Pre-existing VI: female 1.17 0.97 to 1.41
New VI: rural 1.21 1.07 t0 1.38
Pre-existing VI: rural 1.08 0.95t01.23
New VI: urban 1.45 1.09t0 1.91
Pre-existing VI: urban 1.50 1.10t02.03
New VI: finished high school and above 0.66 0.32t01.37
Pre-existing VI: finished high school and above 0.58 0.25t01.37
New VI: finished middle school and below 1.28 1.14t0 1.44
Pre-existing VI: finished middle school and below 1.16 1.02t0 1.31

Data source: China Health and Retirement Longitudinal Study 2011, 2013, 2015, 2018.
Model 1 was the unadjusted VI-only model; model 2 includes VI with the additional
covariates of age, sex, other demographic variables (marriage status, residential status,
education, area of residence), health status (body mass index, hypertension, number of
other comorbidities) and health-related lifestyle (drinking and smoking); based on model 2,
models 3-6 further include variables to test the impact of direct/indirect pathways. Model
3 included frailty and disability (direct pathway). Model 4 included the additional variable
describing whether the participant fell over the past year (indirect pathway 1). Model 5
included having sought medical care and undergoing a medical examination in the past
year (indirect pathway 2), while model 6 included depression and social isolation (indirect
pathway 6).

VI, visual impairment.

between 2015 and 2018: 13.6% vs 7.9%, p<0.001) (figure 1).
The mean annual increase in death from 2011 to 2018 was only
5.8% in the normal vision group compared with 9.4% in those
with VI (p<0.001).

Table 2 shows the Cox models for the association between self-
reported pre-existing and new VI and mortality. In adjusted anal-
yses (model 2), both self-reported pre-existing and new VI were
independently associated with increased mortality risk (HR) for
pre-existing VI, 1.22; 95%CI, 1.08 to 1.37; HR for new VI,
1.36; 95%CI, 1.21 to 1.51). In model 3 (direct pathway model),
after adjusting for frailty and disability, the effects of pre-existing
and new VI on mortality are no longer significant. In the three
indirect pathway models, the effect sizes of pre-existing and new
VI are slightly attenuated after adjustment for falls (model 4)
and access to healthcare (model 5), while there is an appreciable

Table 3 Association between all-cause mortality and vision
impairment, stratified by having received vision treatment

Model 1 HR 95%Cl
Reference group: normal vision, Ref. Ref.
uncorrected
New cases of VI
New VI: uncorrected 1.42 1.27 t0 1.58
Normal vision: corrected by glasses 0.87 0.70 to 1.09
Normal vision: corrected by cataract surgery ~ 0.87 0.63t0 1.20
Pre-existing cases of VI
Pre-existing VI: uncorrected 1.26 1.13t0 1.40
Normal vision: corrected by glasses 0.79 0.65 t0 0.96
Normal vision: corrected by cataract surgery ~ 1.05 0.71t0 1.54
Model 2 HR 95%Cl
Reference group: Normal vision, Ref. Ref.
uncorrected
New cases of VI
New VI: uncorrected 1.37 1.221t01.53
Normal vision: corrected by glasses 1.01 0.78t01.24
Normal vision: corrected by cataract surgery ~ 0.95 0.68 to 1.31
Pre-existing cases of VI
Pre-existing VI: uncorrected 1.19 1.06 to 1.35
Normal vision: corrected by glasses 0.82 0.65 to 1.02
Normal vision: corrected by cataract surgery ~ 1.12 0.74t01.69
Model 3 HR 95%Cl
Reference group: normal vision, Ref. Ref.
uncorrected
New cases of VI
New VI: uncorrected 1.11 0.98 to 1.26
Normal vision: corrected by glasses 0.87 0.72t01.19
Normal vision: corrected by cataract surgery ~ 0.87 0.62to 1.24
Pre-existing cases of VI
Pre-existing VI: uncorrected 1.06 0.93 to 1.21
Normal vision: corrected by glasses 0.77 0.60 to 0.98
Normal vision: corrected by cataract surgery ~ 1.26 0.82t0 1.93
Model 4 HR 95%Cl
Reference group: normal vision, uncorrected  Ref. Ref.
New cases of VI
New VI: uncorrected 135 1.20to 1.51
Normal vision: corrected by glasses 0.99 0.78't0 1.25
Normal vision: corrected by cataract surgery  0.94 0.68 to 1.31
Pre-existing cases of VI
Pre-existing VI: uncorrected 1.20 1.06 to 1.35
Normal vision: corrected by glasses 0.82 0.65 to 1.02
Normal vision: corrected by cataract surgery ~ 1.12 0.74t01.68
Model 5 HR 95%ClI
Reference group: normal vision, Ref. Ref.
uncorrected
New cases of VI
New VI: uncorrected 1.35 1.21t0 1.52
Normal vision: corrected by glasses 0.99 0.79t0 1.26
Normal vision: corrected by cataract surgery ~ 0.95 0.69 to 1.31
Pre-existing cases of VI
Pre-existing VI: uncorrected 1.20 1.06 to 1.35
Normal vision: corrected by glasses 0.82 0.65 to 1.02
Normal vision: corrected by cataract surgery ~ 1.12 0.74t01.68
Continued
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Table 3 Continued

Model 6 HR 95%Cl
Reference group: normal vision, uncorrected  Ref. Ref.

New cases of VI

New VI: uncorrected 1.27 1.1310 1.43
Normal vision: corrected by glasses 0.96 0.75t0 1.22
Normal vision: corrected by cataract surgery ~ 0.95 0.68 to 1.31
Pre-existing cases of VI

Pre-existing VI: uncorrected 1.12 0.99to 1.27
Normal vision: corrected by glasses 0.83 0.66 to 1.04
Normal vision: corrected by cataract surgery  1.16 0.77 t0 1.75

Data source: China Health and Retirement Longitudinal Study 2011, 2013, 2015,
2018. Model 1 was the unadjusted VI-only model; model 2 includes VI with
additional covariates of age, sex, other demographic variables (marriage status,
residential status, education, area of residence), health status (body mass index,
hypertension, number of other comorbidities) and health-related lifestyle (drinking
and smoking); based on model 2, models 3—6 further include variables to test
the impact of direct/indirect pathways. Model 3 included frailty and disability
(direct pathway). Model 4 included the additional variable describing whether
the participant fell over the past year (indirect pathway 1). Model 5 included
having sought medical care and undergoing a medical examination in the past
year (indirect pathway 2), while model 6 included depression and social isolation
(indirect pathway 6).

VI, visual impairment.

reduction (about 1/3) in the effect size of VI after adjustment for
mental health and social connectedness (model 6).

We also performed stratification analyses based on SES
(table 2). The mortality risk associated with pre-existing and
new VI did not differ significantly for man versus woman (pre-
existing VI, aHR: 1.20 vs 1.25, p=0.413; new VI, aHR: 1.38
vs 1.32, p=0.855) or urban versus rural dwellers (pre-existing
VI, aHR: 1.55 vs 1.15, p=0.094; new VI, aHR: 1.52 vs 1.32,
p=0.418). However, VI was independently associated with
higher mortality risk among participants with middle school
education or lower (pre-existing VI, low vs high education aHR:
0.69 vs 1.23, p=0.039; new VI, aHR: 0.85 vs 1.38, p=0.043).
We also performed stratification analyses based on age groups
and comorbidities (online supplemental file 3, table S1) and the
association between mortality risk and VI did not differ signifi-
cantly for these groups.

Protective effect of vision correction on mortality

Between 2011 and 2015, the proportion of participants with
uncorrected normal vision decreased from 67.6% to 53.4%
(p<0.001), while the figure for those with corrected vision,

16.00% o

14.00% 13.64%

12.00%

10.00% o
o+

7.88%

8.00% 731%

*ok 6.43%

4.22%

2.08%

6.00%
4.50%

4.00% 3.55% = Cumulative death rate (VI)

O Cumulative death rate (normal vision)

2.00%
**; P<0.05

0.00%

2011-2013 2013-2014 2014-2015 2015-2018

Figure 1  Eight-year mortality among participants with and without
visual impairment (VI) at baseline.

2011 2015

29

. Normal vision: uncorrected

. Normal vision: had cataract surgeries

D Normal vision: wearing glasses . Vision impairment

Figure 2 Visual status among participates in 2011 and 2015. Note:
Although China Health and Retirement Longitudinal Study provided
data on survival status in all follow-up waves (2013, 2015 and 2018),
data on incident visual impairment were not available for the 2018
follow-up wave.

due to wearing eyeglasses or having received cataract surgery,
increased from 9.4% to 27.8% (p<0.001) (figure 2). Compared
with participants with normal vision, those with self-reported VI
had poorer age and sex-corrected survival (p<0.001, log-rank
test), while those with corrected normal vision had no significant
reduction in survival (p=0.361, log-rank test, figure 3).

Compared with participants with normal vision, those whose
vision problems were corrected with eyeglasses or cataract
surgery did not have a significantly higher mortality risk in our
various models (table 3). In the adjusted time-to-event analyses
(model 2), neither pre-existing nor new corrected vision prob-
lems were independently associated with risk of death (HR for VI
corrected by glasses at baseline: 0.82; 95% CI, 0.65 to 1.02; HR
for VI corrected by cataract surgery at baseline: 1.12; 95% CI,
0.74 to 1.69; HR for new VI corrected by glasses: 1.01; 95% CI,
0.78 to 1.24; HR for new VI corrected by cataract surgery: 0.95;
95%CI, 0.68 to 1.31). Compared with the estimated HRs for
VI, in the most conservative measure, the VI correction can
reduce the risk of mortality by 12%. The mediation effects in
tables 2 and 3 were very similar.

DISCUSSION

Considering China’s population size, its rapidly ageing popula-
tion, and the rising prevalence of chronic diseases, the burden
of vision loss among Chinese people is and will remain an
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Time(months)
Normal Vision: uncorrected Normal Vision: corrected
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No. at risk:
Normal vision (uncorrected) 10,679 9,352 8,971 8.867 8,481
Normal vision (corrected) 1,485 1,246 1,179 1,151 1,076
Visual Impairment 3,644 3,177 3,052 3,011 2,736

Figure 3 Kaplan-Meier survival curves (2011-2018).
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important public health problem in the future .* To our knowl-
edge, this is the first nationally representative study to estimate
the impact of self-reported VI on all-cause mortality among
middle-aged and elderly adults in China. Our results show that
both pre-existing and new VI are associated with a higher risk
of mortality, especially among those with lower education levels.
Importantly, correction of VI with eyeglasses or cataract surgery
reduced the risk of mortality by at least 12%, which is equivalent
to 220 000-240 000 avoidable deaths in China every year.

We conducted a systematic literature search for published
papers on the longitudinal association between VI and all-
cause mortality in China on 1 February 2022. We used search
terms related to VI, mortality and China on PubMed and Web
of Science. Our search resulted in no nationally representative
study and seven studies that used samples collected from specific
geographic regions or age groups. Among them, five studies
using regional data have found mixed results. Two studies using
the sample from the Harbin Eye Study® and the Liwan Eye
Study* have found that VI was independently associated with
an increased risk of mortality. However, three studies using the
sample for the Beijing Eye Study found no independent rela-
tionship between VI and either S-year*/6-year*® or 10-year
mortality.*” These contradictory results may be due to differ-
ences in the study populations and statistical analyses. Since VI
is a time-varying variable, the results of traditional Cox regres-
sion with baseline characteristics or covariates may be biased.
For example, in highly vulnerable populations, persons with VI
may die soon after developing visual impairment. In that case,
traditional Cox model analyses may underestimate the mortality
effects of VI.** A Chinese cohort study of a very elderly popula-
tion (80 years and older) which applied a time-varying analysis
also found the risk of death was higher with new VL.* To our
best knowledge, our study makes an important contribution by
providing the first estimates of the impact of self-reported VI on
all-cause mortality in a nationally representative cohort of older
Chinese adults.

We also explored detailed pathways through which VI might
cause death. It appears that VI may exert its impact through
increased burdens of frailty, disability, depression and social
isolation, but not through increased risk of injury or reduced
care-seeking behaviour, findings which are consistent with
several prior studies.’® Our findings that the risk of self-reported
VI on mortality is no longer significant after adjusting for the
direct pathway variables (overall health conditions, including
frailty and disability). Earlier studies have linked VI with many
systemic conditions, which suggest that the VI per se is a sign
of decline in physical functions.’! Others have concluded that
VI is linked to depression, dementia, social isolation and other
mental/social disorders.”> These conditions are all independent
risk factors for mortality. However, due to the methodolog-
ical challenges of mediation analysis in time-varying models,
we cannot perform a rigorous mediation analysis in our study.
Future research is needed to investigate the causal mediation
between VI and all-cause mortality.

With the rich socioeconomic and health data from CHARLS,
our study was able to provide a thorough description of people
living with VI as well as to test the heterogeneity of treatment
effects among different sex, education, and residential areas. It
is also worth noticing that elder people in China living with VI
had a lower average BMI (participants with vs with VI: 23.1 vs
23.6). Previous studies among elderly Chinese have shown that
being older, widowed and having poor health were associated
with malnutrition, which is consistent with the baseline charac-
teristics of the VI population in our study.’**?

Our results have profound public health implications for eye
health in China and other LMICs: the fact that both pre-existing
and new VI are linked with a higher risk of mortality demon-
strates that we should view the treatment of existing VI and
prevention of new VI as important public health issues. Due to
traditional beliefs,** older Chinese adults often view age-related
eye disease as an inevitable process of ageing and are reluctant
to receive formal diagnosis or treatment. Since most vision loss
is preventable or treatable, VI can be a modifiable risk factor
for mortality. Our results suggest that VI among the elderly
population should be treated more actively. In early 2022, the
Chinese government issued its ‘14th Five-Year’ National Eye
Health Plan.*® Visual health among the elderly population is one
of the prioritised areas listed in the Plan. In addition, the Plan
set ‘eCSC’ (effective cataract surgery coverage) and “eREC”
(effective refractive error coverage) as two key eye health service
indicators which highlight the importance of eye care associated
with cataract and refractive error. Based on the findings that VI
correction with glasses and cataract surgery can reduce mortality
by 129, our results call for developing and delivering compre-
hensive eye health services that cover the full range of health
promotion, prevention, detection, management and rehabilita-
tion strategies, and that are integrated into the general health
system of China and other LMICs to achieve people-centred
integrated care. These health-system arrangements would also
support further actions to achieve the goals set in the National
Plan for Eye Health and the Sustainable Development Goals in
China and other LMICs.

Strengths of the present study included the longitudinal
design and large sample size, assessing the longitudinal associa-
tion between self-reported VI and all-cause mortality, as well as
the protective effect of vision correction among older Chinese
adults. Compared with previous studies, our study followed
a theory-based empirical strategy that allowed us to explore
detailed pathways through which VI might cause death. Finally,
our statistical analysis combined traditional Cox regression
models with time-dependent covariates Cox regression models
that enable us to capture the time-varying changes in exposure
and potential confounders.

Despite these strengths, our study has several limitations. (1)
Missing data: some data are missing for covariates including
VI, BMI and hypertension, which may lead to selection bias.
In addition, complete data concerning the date of death
were not available. The interval censoring of survival time
may cause a biased estimate for the impact of VI. (2) Non-
objective measurement of VI: although previous studies have
shown a strong correlation between self-reported eyesight and
objective measurements,*® %’ some discrepancies may exist.’®
For example, the Salisbury Eye Evaluation Study has shown
that visual acuity is not the only dimension of the associa-
tion with subjective VI among old populations. Contrast and
glare sensitivity, stereoacuity and visual fields are significant
factors as well.”’ In addition, it is also common for older
adults to claim that they have good eyesight even when they
have clinically significant visual impairments. Factors such as
ageing, cultural background, psychological and personality
traits may be related to overestimation or underestimation of
their conditions.®® Nevertheless, CHARLS only acquired self-
reported vision measures, which limited our ability to explore
the complexity of objective and self-reported VI. (3) Relatively
short follow-up period with a low number of events: fewer
than 10% of participants died during the 8-year follow-up,
so we cannot report a median survival in our study. In addi-
tion, a small number of events of interest can also result in low
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time-varying exposures and mediators. Instead, our results
using Baron and Kenny’s mediation steps approach suggested
the importance of different pathways, and suggested that the
direct pathway through systemic health, including frailty and
disability, may be the predominant mechanism linking VI and
mortality.®! (5) Finally, being illiterate or unable to read due to
severe VI might influence our measurement. However, recent
publications using the CHARLS survey assessment have shown
that these instruments were valid even among people who had
experienced sensory impairments or learning difficulties.”*
We also acknowledge that the cohort profile of CHARLS only
represents the context of community dwellings, we were not
able to account for those who are homeless.

Nevertheless, this present study makes an important contri-
bution by providing the first estimates of the impact of VI on
all-cause mortality in a nationally representative cohort of older
Chinese adults. Our finding that VI treatment with glasses and
cataract surgery can reduce mortality by 129% provides a strong
impetus for further government investment in these services in
China and other LMICs.

Acknowledgements We thank Xiaoran Cheng (Peking University) for editing the
manuscript.

Contributors XM has full access to all data in the study and takes responsibility for
the integrity of the data and the accuracy of the data analysis. Concept and design:
ZW and XM. Data analysis: XM. Interpretation of data: XM and NC. Drafting of the
manuscript: ZW and XM. Critical revision of the manuscript for important intellectual
content: XM and NC. Supervision: XM. XM is guarantor.

Funding ZW was supported by a scholarship granted by the China Scholarship
Council (No. 202006010047). XM was supported by the National Natural Science
Foundation of China (No. 71703002) and China Medical Board Grants (No. 17-267).

Disclaimer The funder of the study had no role in study design, data collection,
data analysis, data interpretation or writing of the report. The authors alone are
responsible for the content and writing of this article.

Competing interests None declared.
Patient consent for publication Not applicable.

Ethics approval This study involves human participants. All participants provided
written informed consent, and survey protocols were approved by the Peking
University Ethics Review Board (IRB approval number: IRB00001052-11015).
Participants gave informed consent to participate in the study before taking part.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available upon reasonable request. Not
applicable.

Supplemental material This content has been supplied by the author(s).

It has not been vetted by BMJ Publishing Group Limited (BMJ) and may not
have been peer-reviewed. Any opinions or recommendations discussed are
solely those of the author(s) and are not endorsed by BMJ. BMJ disclaims all
liability and responsibility arising from any reliance placed on the content.
Where the content includes any translated material, BMJ does not warrant the
accuracy and reliability of the translations (including but not limited to local
regulations, clinical guidelines, terminology, drug names and drug dosages), and
is not responsible for any error and/or omissions arising from translation and
adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Ziyue Wang http://orcid.org/0000-0003-1998-898X
Nathan Congdon http://orcid.org/0000-0001-9866-3416

1

20

21

22

23

24

25

26

27

28

29

GBD 2019 Blindness and Vision Impairment Collaborators, Vision Loss Expert Group
of the Global Burden of Disease Study. Trends in prevalence 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:e130-43.

World Health Organization. World report on vision. Geneva, 2019.

Zheng DD, Christ SL, Lam BL, et al. Patterns of chronic conditions and their association
with visual impairment and health care use. JAMA Ophthalmol 2020;138:387-94.
Crews JE, Chou C-F, Sekar S, et al. The prevalence of chronic conditions and poor
health among people with and without vision impairment, aged =65 years, 2010-
2014. Am J Ophthalmol 2017;182:18-30.

Burton MJ, Ramke J, Marques AP, et a/. The Lancet global health Commission on
global eye health: vision beyond 2020. Lancet Glob Health 2021;9:e489-551.
Singh-Manoux A, Fayosse A, Sabia S, et a/. Clinical, socioeconomic, and behavioural
factors at age 50 years and risk of cardiometabolic multimorbidity and mortality: a
cohort study. PLoS Med 2018;15:e1002571.

Emerging Risk Factors Collaboration, Di Angelantonio E, Kaptoge S, et al. Association
of cardiometabolic multimorbidity with mortality. JAMA 2015;314:52-60.

Ehrlich JR, Ramke J, Macleod D, et al. Association between vision impairment

and mortality: a systematic review and meta-analysis. Lancet Glob Health
2021;9:e418-30.

Zhang T, Jiang W, Song X, et al. The association between visual impairment and the
risk of mortality: a meta-analysis of prospective studies. J Epidemiol Community
Health 2016;70:836-42.

XuT, Wang B, Liu H, et al. Prevalence and causes of vision loss in China from 1990 to
2019: findings from the global burden of disease study 2019. Lancet Public Health
2020;5:e682-91.

Cao G-Y, Yao S-S, Wang K, et a/. Vision impairment, vision correction, and cognitive
decline among middle-aged and older Chinese: results from the China health and
retirement longitudinal study. Aging Ment Health 2021;25:1-8.

Ma X, Zhou Z, Yi H, et al. Effect of providing free glasses on children’s educational
outcomes in China: cluster randomized controlled trial. BMJ 2014;349:95740.

Fong CS-un, Mitchell P, Rochtchina E, et al. Correction of visual impairment by
cataract surgery and improved survival in older persons: the blue Mountains eye study
cohort. Ophthalmology 2013;120:1720-7.

Fong CS-U, Mitchell P, Rochtchina E, et a/. Visual impairment corrected via cataract
surgery and 5-year survival in a prospective cohort. Am J Ophthalmol 2014;157:163-
170.e1.

Freeman EE, Egleston BL, West SK, et a/. Visual acuity change and mortality in older
adults. Invest Ophthalmol Vis Sci 2005;46:4040-5.

McCarty CA, Nanjan MB, Taylor HR. Vision impairment predicts 5 year mortality. Br J
Ophthalmol 2001;85:322—6.

Age-Related Eye Disease Study 2 Research Group, Papudesu C, Clemons TE, et a/.
Association of mortality with ocular diseases and visual impairment in the age-
related eye disease study 2: age-related eye disease study 2 report number 13.
Ophthalmology 2018;125:512-21.

Zhu Z, Wang L, Scheetz J, et al. Age-Related cataract and 10-year mortality: the Liwan
eye study. Acta Ophthalmol 2020;98:¢328-32.

Zhao Y, Hu Y, Smith JP, et al. Cohort profile: the China health and retirement
longitudinal study (CHARLS). Int J Epidemiol 2014;43:61-8.

Ehrlich JR, Ramke J, Macleod D, et al. Association between vision impairment

and mortality: protocol for a systematic review and meta-analysis. BMJ Open
2020;10:037556.

Burton MJ, Ramke J, Marques AP, et a/. The Lancet global health Commission on
global eye health: vision beyond 2020. Lancet Glob Health 2021;9:e489-551.

Ma X, Wei J, Congdon N, et a/. Longitudinal association between self-reported sensory
impairments and episodic memory among older adults in China: a prospective cohort
study. J Geriatr Psychiatry Neurol 2022;35:382-391.

Shen'Y, Zhang Y, Xiong S, et al. High-Sensitivity C-reactive protein and cystatin C
independently and jointly predict all-cause mortality among the middle-aged and
elderly Chinese population. Clin Biochem 2019;65:7-14.

Ma X, He Y, Xu J. Urban-Rural disparity in prevalence of multimorbidity in China: a
cross-sectional nationally representative study. BMJ Open 2020;10:e038404.

Jin'Y, Jing M, Zhang L, et al. Internet access and hypertension management among
the elderly population: a nationally representative cross-sectional survey in China. J
Med Internet Res 2019;21:e11280.

Chen C, Park J, Wu C, et al. Cognitive frailty in relation to adverse health outcomes
independent of multimorbidity: results from the China health and retirement
longitudinal study. Aging 2020;12:23129.

Chen H, Mui AC. Factorial validity of the center for epidemiologic studies depression
scale short form in older population in China. Int Psychogeriatr 2014;26:49-57.

Lei X, Sun X, Strauss J, et al. Depressive symptoms and Ses among the mid-aged and
elderly in China: evidence from the China health and retirement longitudinal study
national baseline. Soc Sci Med 2014;120:224-32.

Finlay JM, Kobayashi LC. Social isolation and loneliness in later life: a parallel
convergent mixed-methods case study of older adults and their residential contexts in
the Minneapolis metropolitan area, USA. Soc Sci Med 2018;208:25-33.

1604 Wang Z, et al. Br ] Ophthalmol 2023;107:1597-1605. doi:10.1136/bjophthalmol-2022-321577

'salfojouyoal Jejiwis pue ‘Buiurel) |y ‘Buluiw elep pue 1xa1 01 palelal sasn Joj Buipnjoul ‘1ybluAdoos Aq paloslold

" Jooyosaboysnwselq
V.17-Z39 1uswiredsaq 1e Gz0z ‘2 dunr uo /wod fwg-olg//:dily wouy papeojumoq "zzoz Isnbny 6T U0 £2GTZE-2202-0[0/9€TT 0T Se paysiignd 1siyy (jowreyiydo r 19


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0003-1998-898X
http://orcid.org/0000-0001-9866-3416
http://dx.doi.org/10.1016/S2214-109X(20)30425-3
http://dx.doi.org/10.1001/jamaophthalmol.2020.0052
http://dx.doi.org/10.1016/j.ajo.2017.06.038
http://dx.doi.org/10.1016/S2214-109X(20)30488-5
http://dx.doi.org/10.1371/journal.pmed.1002571
http://dx.doi.org/10.1001/jama.2015.7008
http://dx.doi.org/10.1016/S2214-109X(20)30549-0
http://dx.doi.org/10.1136/jech-2016-207331
http://dx.doi.org/10.1136/jech-2016-207331
http://dx.doi.org/10.1016/S2468-2667(20)30254-1
http://dx.doi.org/10.1080/13607863.2020.1828271
http://dx.doi.org/10.1136/bmj.g5740
http://dx.doi.org/10.1016/j.ophtha.2013.02.009
http://dx.doi.org/10.1016/j.ajo.2013.08.018
http://dx.doi.org/10.1167/iovs.05-0687
http://dx.doi.org/10.1136/bjo.85.3.322
http://dx.doi.org/10.1136/bjo.85.3.322
http://dx.doi.org/10.1016/j.ophtha.2017.10.028
http://dx.doi.org/10.1111/aos.14258
http://dx.doi.org/10.1093/ije/dys203
http://dx.doi.org/10.1136/bmjopen-2020-037556
http://dx.doi.org/10.1016/S2214-109X(20)30488-5
http://dx.doi.org/10.1177/08919887211006467
http://dx.doi.org/10.1016/j.clinbiochem.2018.12.012
http://dx.doi.org/10.1136/bmjopen-2020-038404
http://dx.doi.org/10.2196/11280
http://dx.doi.org/10.2196/11280
http://dx.doi.org/10.18632/aging.104078
http://dx.doi.org/10.1017/S1041610213001701
http://dx.doi.org/10.1016/j.socscimed.2014.09.028
http://dx.doi.org/10.1016/j.socscimed.2018.05.010
http://bjo.bmj.com/

Clinical science

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

Wu C, Smit E, Xue Q-L, et al. Prevalence and correlates of frailty among community-
dwelling Chinese older adults: the China health and retirement longitudinal study.
The Journals of Gerontology: Series A 2018;73:102-8.

Fried LP, Tangen CM, Walston J, et a/. Frailty in older adults: evidence for a phenotype.
J Gerontol A Biol Sci Med Sci 2001:56:M146-57.

Fisher LD, Lin DY. Time-Dependent covariates in the COX proportional-hazards
regression model. Annu Rev Public Health 1999;20:145-57.

Ngwa JS, Cabral HJ, Cheng DM, et al. A comparison of time dependent COX
regression, pooled logistic regression and cross sectional pooling with simulations
and an application to the Framingham heart study. BMC Med Res Methodol
2016;16:1-12.

D'Agostino RB, Lee ML, Belanger AJ, et a/. Relation of pooled logistic regression to
time dependent COX regression analysis: the Framingham heart study. Stat Med
1990;9:1501-15.

Frank CR, Xiang X, Stagg BC, et al. Longitudinal associations of self-reported vision
impairment with symptoms of anxiety and depression among older adults in the
United States. JAMA Ophthalmol 2019;137:793-800.

Boers E, Afzali MH, Newton N, et al. Association of screen time and depression in
adolescence. JAMA Pediatr 2019;173:853-9.

Jung C-R, Chen W-T, Tang Y-H, et a/. Fine particulate matter exposure

during pregnancy and infancy and incident asthma. J Allergy Clin Immunol
2019;143:2254-62.

Hansson C, Joas E, Palsson E, et al. Risk factors for suicide in bipolar disorder: a
cohort study of 12 850 patients. Acta Psychiatr Scand 2018;138:456—63.

Yu Y-H, Chasman DI, Buring JE, et al. Cardiovascular risks associated with incident
and prevalent periodontal disease. J Clin Periodontol 2015;42:21-8.

Zhang Z, Reinikainen J, Adeleke KA, et al. Time-Varying covariates and coefficients in
COX regression models. Ann Trans/ Med 2018;6:121.

Baron RM, Kenny DA. The moderator-mediator variable distinction in social
psychological research: conceptual, strategic, and statistical considerations. J Pers Soc
Psychol 1986;51:1173-82.

GBD 2019 Blindness and Vision Impairment Collaborators, Vision Loss Expert Group
of the Global Burden of Disease Study. Causes of blindness and vision impairment
in 2020 and trends over 30 years, and prevalence of avoidable blindness in relation
to vision 2020: the right to sight: an analysis for the global burden of disease study.
Lancet Glob Health 2021;9:e144-60.

Li Z, Sun D, Liu P, et al. Visual impairment and mortality in a rural adult population
(the southern Harbin eye study). Ophthalmic Epidemiol 2011;18:54-60.

Wang L, Zhu Z, Scheetz J. Visual impairment and ten-year mortality: the Liwan eye
study. Eye 2020:1-7.

Xu L, Wang YX, Wang J, et al. Mortality and ocular diseases: the Beijing eye study.
Ophthalmology 2009;116:732-8.

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

Cao K, Wang B, Friedman DS, et al. Diabetic retinopathy, visual impairment, and the
risk of six-year death: a cohort study of a rural population in China. Ophthalmic Res
2021,64:983-90.

Wang YX, Zhang JS, You QS, et al. Ocular diseases and 10-year mortality: the Beijing
eye study 2001/2011. Acta Ophthalmol 2014;92:e424-8.

Zhang Y, Ge M, Zhao W, et a/. Sensory impairment and all-cause mortality among the
oldest-old: findings from the Chinese longitudinal healthy longevity survey (CLHLS). /
Nutr Health Aging 2020;24:132-7.

Sun J, Li L, Sun J. Sensory impairment and all-cause mortality among the elderly adults
in China: a population-based cohort study. Aging 2020;12:24288-300.

Karpa MJet al. Direct and indirect effects of visual impairment on mortality risk in
older persons: the blue Mountains eye study. Arch Ophthalmol 2009;127:1347-53.
Liljas AEM, Carvalho LA, Papachristou E, et al. Self-Reported vision impairment and
incident prefrailty and frailty in English community-dwelling older adults: findings
from a 4-year follow-up study. J Epidemiol Community Health 2017;71:jech-
2017-209207-58.

Wei J-M, Li S, Claytor L, et al. Prevalence and predictors of malnutrition in elderly
Chinese adults: results from the China health and retirement longitudinal study.
Public Health Nutr 2018;21:3129-34.

Han Y, Li S, Zheng Y. Predictors of nutritional status among community-dwelling older
adults in Wuhan, China. Public Health Nutr 2009;12:1189-96.

Luo Y, He P, Guo C, et al. Association between sensory impairment and dementia in
older adults: evidence from China.J Am Geriatr Soc 2018;66:480—6.

The National Health Commission of the People’s Republic of China. The notice of

the National Health Commission on the issuance of the National Eye Health Plan for
the 14th Five-Year Plan (2021-2025). Central People’s Government of the People’s
Republic of China, 2022. Available: http://www.gov.cn/zhengce/zhengceku/2022-01/
17/content_5668951.htm [Accessed 3 Jul 2022].

Kenny Gibson W, Cronin H, Kenny RA, et al. Validation of the self-reported hearing
questions in the Irish longitudinal study on ageing against the Whispered voice test.
BMC Res Notes 2014;7:361.

Zimdars A, Nazroo J, Gjonca E. The circumstances of older people in England with
self-reported visual impairment: a secondary analysis of the English longitudinal study
of ageing (ELSA). British Journal of Visual Impairment 2012;30:22-30.

Kim SY, Kim H-J, Kim M-S, et al. Discrepancy between self-assessed hearing status and
measured audiometric evaluation. PLoS One 2017;12:e0182718.

Rubin GS, Bandeen-Roche K, Huang GH, et al. The association of multiple visual
impairments with self-reported visual disability: see project. Invest Ophthalmol Vis Sci
2001;42:64-72.

Laitinen A, Koskinen S, Harkdnen T, et al. A nationwide population-based survey on
visual acuity, near vision, and self-reported visual function in the adult population in
Finland. Ophthalmology 2005;112:2227-317.

VanderWeele TJ, Tchetgen Tchetgen EJ, Eric J. Mediation analysis with time varying
exposures and mediators. J R Stat Soc B 2017;79:917-38.

Wang Z, et al. Br J Ophthalmol 2023;107:1597-1605. doi:10.1136/bjophthalmol-2022-321577

1605

'salfojouyoal Jejiwis pue ‘Buiurel) |y ‘Buluiw elep pue 1xa1 01 palelal sasn Joj Buipnjoul ‘1ybluAdoos Aq paloslold

" Jooyosaboysnwselq
V11-Z39 uswiiedaq e GZog ‘2 sunr uo /wodfwg-olg/:dny woiy papeojumod 'zz0z 1snbny 6T U0 //STZE-2202-0/0/9ETT 0T Se paysiignd 1s.4yy ;joweyydo r 19


http://dx.doi.org/10.1093/gerona/glx098
http://dx.doi.org/10.1093/gerona/56.3.M146
http://dx.doi.org/10.1146/annurev.publhealth.20.1.145
http://dx.doi.org/10.1186/s12874-016-0248-6
http://dx.doi.org/10.1002/sim.4780091214
http://dx.doi.org/10.1001/jamaophthalmol.2019.1085
http://dx.doi.org/10.1001/jamapediatrics.2019.1759
http://dx.doi.org/10.1016/j.jaci.2019.03.024
http://dx.doi.org/10.1111/acps.12946
http://dx.doi.org/10.1111/jcpe.12335
http://dx.doi.org/10.21037/atm.2018.02.12
http://dx.doi.org/10.1037/0022-3514.51.6.1173
http://dx.doi.org/10.1037/0022-3514.51.6.1173
http://dx.doi.org/10.1016/S2214-109X(20)30489-7
http://dx.doi.org/10.3109/09286586.2010.545503
http://dx.doi.org/10.1016/j.ophtha.2008.11.003
http://dx.doi.org/10.1159/000512667
http://dx.doi.org/10.1111/aos.12370
http://dx.doi.org/10.1007/s12603-020-1319-2
http://dx.doi.org/10.1007/s12603-020-1319-2
http://dx.doi.org/10.18632/aging.202198
http://dx.doi.org/10.1001/archophthalmol.2009.240
http://dx.doi.org/10.1136/jech-2017-209207
http://dx.doi.org/10.1017/S1368980018002227
http://dx.doi.org/10.1017/S1368980008003686
http://dx.doi.org/10.1111/jgs.15202
http://www.gov.cn/zhengce/zhengceku/2022-01/17/content_5668951.htm
http://www.gov.cn/zhengce/zhengceku/2022-01/17/content_5668951.htm
http://dx.doi.org/10.1186/1756-0500-7-361
http://dx.doi.org/10.1177/0264619611427374
http://dx.doi.org/10.1371/journal.pone.0182718
http://www.ncbi.nlm.nih.gov/pubmed/11133849
http://dx.doi.org/10.1016/j.ophtha.2005.09.010
http://dx.doi.org/10.1111/rssb.12194
http://bjo.bmj.com/

	Longitudinal associations between self-­reported vision impairment and all-­cause mortality: a nationally representative cohort study among older Chinese adults
	Abstract
	Introduction﻿﻿
	Methods
	Data and sampling
	Conceptual framework
	Assessment of outcomes and predictors
	Exposures: self-reported VI and vision correction
	Outcome: all-cause mortality
	Other covariates
	Statistical analyses


	Results
	Baseline characteristics
	Association between self-reported pre-existing and new VI and mortality
	Protective effect of vision correction on mortality

	Discussion
	References


