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Abstract

Purpose: Changes in lens may reflect the status of systemic health of human beings but the supporting evidences are not
well summarized yet. We aimed to determine the relationship of age-related cataract, cataract surgery and long-term
mortality by pooling the results of published population-based studies.

Methods: We searched PubMed and Embase from their inception till March, 2014 for population-based studies reporting
the associations of any subtypes of age-related cataract, cataract surgery with all-cause mortality. We pooled the effect
estimates (hazards ratios [HRs]) under a random effects model.

Results: Totally, we identified 10 unique population-based studies including 39,659 individuals at baseline reporting the
associations of any subtypes of cataract with all-cause mortality from 6 countries. The presence of any cataract including
cataract surgery was significantly associated with a higher risk of death (pooled HR: 1.43, 95% CI, 1.21, 2.02; P,0.001;
I2 = 64.2%). In the meta-analysis of 9 study findings, adults with nuclear cataract were at higher risks of mortality (pooled HR:
1.55, 95% CI, 1.17, 2.05; P = 0.002; I2 = 89.2%). In the meta-analysis of 8 study findings, cortical cataract was associated with
higher risks of mortality (pooled HR: 1.26, 95% CI, 1.12, 1.42; P,0.001, I2 = 29.7%). In the meta-analysis of 6 study findings,
PSC cataract was associated with higher risks of mortality (pooled HR: 1.37, 95% CI, 1.04, 1.80; P = 0.03; I2 = 67.3%). The
association between cataract surgery and mortality was marginally non-significant by pooling 8 study findings (pooled HR:
1.27, 95% CI, 0.97, 1.66; P = 0.08; I2 = 76.6%).

Conclusions: All subtypes of age-related cataract were associated with an increased mortality with nuclear cataract having
the strongest association among the 3 cataract subtypes. However, cataract surgery was not significantly related to
mortality. These findings indicated that changes in lens may serve as markers for ageing and systemic health in general
population.
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Introduction

Visual impairment (VI) is a global health burden, associated

with increased mortality in different ethnic groups [1–5]. Age-

related cataract, including nuclear, cortical and posterior subcap-

sular (PSC) cataract, is a leading cause of visual impairment

worldwide [6–13]. Although age-related cataract seems to increase

the risk of death, the relationship of different cataract subtypes and

mortality remains unclear. It is important for clinicians and

ophthalmologists to understand the associations between different

cataract subtypes and mortality as the pathophysiology, treatment

and impact on visual functioning of the 3 subtypes are different

[14]. A clearer understanding of the relationship between cataract

subtypes and mortality may provide further insights into the

pathogenesis of these conditions. In addition, if a specific subtype

of cataract is associated with increased mortality, lens imaging

targeting this subtype may be a useful tool for the assessment of

systemic health and ageing of the whole body. This research

question is also of great importance from public health perspec-

tives regarding the increasing burden of cataract throughout the

world. The question of whether age-related cataracts are

associated with an increased risk of death or whether the

association between increased mortality and the occurrence of

the cataract is caused simply by the relationship with higher age is

unclear.

To address this gap, we conducted a systematic review and

meta-analysis to examine the association between different

subtypes of age-related cataract, cataract surgery and long term

mortality from available population-based studies.
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Methods

Ethnics Statement
The study was approved by the Ethics Committee, Medical

College of Soochow University and followed the tenets of the

Declaration of Helsinki.

Search Strategy and Inclusion Criteria
The method for performing this meta-analysis is similar with

our previously work on overweight/obesity and cataract [15]. We

performed this systematic review and meta-analysis to examine the

association of different subtypes of age-related cataract, cataract

surgery and mortality based on the Meta-analysis of Observational

Studies in Epidemiology guidelines [16]. We searched the

electronic databases of PubMed and Embase for relevant papers

reporting the longitudinal association of age-related cataract,

cataract surgery with all-cause mortality published up to March,

2014 with the following search terms (formatted for PubMed

search): ((‘‘vision, low’’[MeSH Terms] OR (‘‘vision’’[All Fields]

AND ‘‘low’’[All Fields]) OR ‘‘low vision’’[All Fields] OR

(‘‘visual’’[All Fields] AND ‘‘impairment’’[All Fields]) OR ‘‘visual

impairment’’[All Fields] OR ‘‘vision disorders’’[MeSH Terms]

OR (‘‘vision’’[All Fields] AND ‘‘disorders’’[All Fields]) OR ‘‘vision

disorders’’[All Fields] OR (‘‘visual’’[All Fields] AND ‘‘impairmen-

t’’[All Fields])) OR (‘‘cataract’’[MeSH Terms] OR ‘‘cataract’’[All

Fields]) OR (‘‘cataract’’[MeSH Terms] OR ‘‘cataract’’[All Fields]

OR (‘‘lens’’[All Fields] AND ‘‘opacity’’[All Fields]) OR ‘‘lens

opacity’’[All Fields]) OR (‘‘cataract extraction’’[MeSH Terms]

OR (‘‘cataract’’[All Fields] AND ‘‘extraction’’[All Fields]) OR

‘‘cataract extraction’’[All Fields]) OR (‘‘cataract extraction’’[-

MeSH Terms] OR (‘‘cataract’’[All Fields] AND ‘‘extraction’’[All

Fields]) OR ‘‘cataract extraction’’[All Fields] OR (‘‘cataract’’[All

Fields] AND ‘‘surgery’’[All Fields]) OR ‘‘cataract surgery’’[All

Fields])) AND ((‘‘mortality’’[Subheading] OR ‘‘mortality’’[All

Fields] OR ‘‘mortality’’[MeSH Terms]) OR (‘‘mortality’’[Sub-

heading] OR ‘‘mortality’’[All Fields] OR ‘‘survival’’[All Fields]

OR ‘‘survival’’[MeSH Terms]) OR (‘‘death’’[MeSH Terms] OR

‘‘death’’[All Fields])). Titles and abstracts of the studies were

independently reviewed by 2 authors (ES and HPS). All duplicate

articles were removed. Inconsistencies during the literature search

Figure 1. Flow diagram showing the selection process for inclusion of studies.
doi:10.1371/journal.pone.0112054.g001

Cataract and Mortality

PLOS ONE | www.plosone.org 2 November 2014 | Volume 9 | Issue 11 | e112054



were resolved by consensus and the reference lists of all identified

studies were screened.

We included studies if they were population-based, reported any

subtypes of age-related cataract or cataract surgery as an

independent variable and all-cause mortality as the outcome

measure. The Age-Related Eye Disease Study [1] is a multi-center

intervention trial rather than a population-based observational

study, which has reported the association between major age-

related eye diseases and mortality. As the study participants

covered a wide geographical areas and the sample size was large,

we feel the results should be included in the meta-analysis. We

only included studies in which age-related cataract was assessed

based on standardized protocols. Furthermore, we included

studies only if the summary estimates such as the relative risk

(RR) or hazards ratios (HR) with 95% confidence interval (CI)

were reported in the paper, or allowed for calculation based on the

data presented in the paper. We summarized the measures of

association as HR for all the studies. We excluded studies if they

were not population-based, did not have standardized cataract

grading, or were published in languages other than English. If one

study reported two results at different follow-up periods, the result

with a longer follow-up period was included in the analysis.

Data Extraction and Assessment of Study Quality
For each study in the analyses, information on first author,

publication year, study name, study location, ethnic group, sample

size at baseline, age range of the study participants at baseline,

follow-up periods, definitions of age-related cataract and mortality,

summary estimates and corresponding 95% CI, and confounding

factors adjusted for were extracted and recorded in a form

designed previously.

The study quality were assessed using the tool described by

Sanderson et al [17]. The variables examined included the

methods for selecting study participants, methods for measuring

exposure (age-related cataract or cataract surgery) and outcome

variable (all-cause mortality), design-specific sources of bias,

methods for controlling confounding, statistical methods and

conflict of interest.

Statistical Methods for the Meta-analysis
The meta-analysis was performed using Stata version 12.0

(StataCorp, College Station, TX). We meta-analyzed the fully-

adjusted study-specific risk estimates under random effects model,

accounting for both within and between study variability. All-

cause mortality was treated as the outcome measure while nuclear,

cortical, PSC cataract or cataract surgery were analyzed as the

independent variable. Statistical heterogeneity among studies was

evaluated using I2 Statistic [18]. Values of 0 to 24%, 25% to 49%,

50% to 74%, and more than 75% denote no, low, moderate, and

high heterogeneity, respectively [19]. Publication bias was assessed

using the Egger regression asymmetry test and the Begg’s test.

Results

Literature Search and Characteristics of Included Studies
The literature search yielded 4288 unique titles from the two

electronic databases. In total, 91 articles were retrieved for full-text

review, 12 of which met all the predefined inclusion criteria.

However, two studies reported 2 results at different follow-up

periods [2,5,20–21] and only the result with a longer follow-up

period were included. Finally, 10 unique population-based studies

[1–2,21–28] were included in this meta-analysis. (Figure 1)

Characteristics of the 10 studies included in the meta-analysis

are summarized in Table 1. Among the 10 studies, 2 were
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conducted in Asia [22–23], 2 were in Australia [21,24], 2 were in

Europe [25–26] and the remaining 4 were in the United States [1–

2,27–28]. The 10 cohort studies comprised a total of 39,659

individuals at baseline. The sample sizes at baseline ranged from

860 to 6,339. The follow-up periods ranged from 2 to 14 years.

The range of mortality rates in all identified studies was very wide

(from 3.2% to 32%), which may be due to methodological issues

including various ages of enrollment at baseline, follow-up periods

and ethnic groups.

Quality Assessment of the Included Studies
All studies graded cataract based on standardized protocols such

as the Wisconsin grading system, the Wilmer grading system or the

Lens Opacity Classification System [29–31]. In most of the

included studies, mortality data were reviewed and retrieved from

official records or hospital medical records. All studies adjusted for

age in the multivariate analysis; however, diabetes, the most

important confounding factor was not adjusted for in one study.

All studies gave loss to follow-up rates and described sampling

methods in the baseline examinations, albeit in varying degrees.

However, only 6 studies outlined specific exclusion criteria and

provided information on non-responders. Conflicts of interest were

not reported in all included studies. The detailed assessment of

study quality of the included study is described in Table 2.

Age-related cataract and mortality
Adults with any cataract or cataract surgery previously were

more like to die (pooled HR: 1.43, 95% CI, 1.21, 2.02; P,0.001;

I2 = 64.2%). In the meta-analysis of 9 study findings, adults with

nuclear cataract were at higher risks of mortality (pooled HR:

1.55, 95% CI, 1.17, 2.05; P = 0.002; I2 = 89.2%) (Figure 2). In

the meta-analysis of 8 study findings, cortical cataract was

associated with higher risks of mortality (pooled HR: 1.26, 95%

CI, 1.12, 1.42; P,0.001, I2 = 29.7%) (Figure 3). In the meta-

analysis of 6 study findings, PSC cataract was associated with

higher risks of mortality (pooled HR: 1.37, 95% CI, 1.04, 1.80;

P = 0.03; I2 = 67.3%) (Figure 4). The association between cata-

ract surgery and mortality was marginally non-significant by

pooling 8 study findings (pooled HR: 1.27, 95% CI, 0.97, 1.66;

P = 0.08; I2 = 76.6%)(Figure 5). After excluding the Salisbury Eye

Project with a follow-up period of only 2 years, all cataract

subtypes were still associated with mortality (data not shown).

Table 3 shows the association between cataract and mortality

by follow-up years of the identified studies and cataract diagnosis.

The estimates were more robust in studies with longer follow-up

periods or more standardized grading systems (graded by lens

photographs).

There was no evidence of publication bias as indicated by a

non-significant Egger test (all P.0.05) and Begg’s test (all P.0.05)

in all analyses.

Discussion

In this systematic review and meta-analysis of population-based

studies, all subtypes of age-related cataract were associated with

increased mortality with nuclear cataract having the strongest

association among the 3 cataract subtypes. However, cataract

surgery was not significantly related to mortality. These findings

indicated that changes in lens may serve as markers for ageing and

systemic health in the general population.

Our meta-analysis confirmed the longitudinal association

between nuclear cataract (nuclear sclerosis of the lens) and

increased mortality reported in previous studies. In addition, we

found that the association of nuclear cataract with increased
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Figure 2. Random effects meta-analysis investigating the association between nuclear cataract and all-cause mortality. HR = hazards
ratio; CI = confidence interval.
doi:10.1371/journal.pone.0112054.g002

Figure 3. Random effects meta-analysis investigating the association between cortical cataract and all-cause mortality. HR = hazards
ratio; CI = confidence interval.
doi:10.1371/journal.pone.0112054.g003
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Figure 4. Random effects meta-analysis investigating the association between posterior subcapsular cataract and all-cause
mortality. HR = hazards ratio; CI = confidence interval.
doi:10.1371/journal.pone.0112054.g004

Figure 5. Random effects meta-analysis investigating the association between cataract surgery and all-cause mortality. HR = hazards
ratio; CI = confidence interval.
doi:10.1371/journal.pone.0112054.g005
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mortality was strongest among all of the three cataract subtypes.

Nuclear sclerosis of the lens may be a marker for changes in

structural proteins of the whole body, mainly resulting from

oxidation that cause diminished function [32]. For example, the

levels of glutathione (GSH), one of the most important antioxidant

agents of the lens, are found to be much higher in the outer cortex

fiber cells where GSH is synthesized [33]. Reduced GSH reaches

the lens nucleus by diffusion from the surface fiber cells through an

abundant network of gap junctions [34]. With increasing age, a

greater percentage of GSH is oxidized in the nucleus, making it

more susceptible to oxidation [35]. Chronic oxidative stress,

especially in brain and immune cells, could accelerate the rate of

ageing, leading to an increased mortality in adults with nuclear

cataract.

Compared with nuclear cataract, we found a weaker but

significant association between cortical cataract and less survival.

In the Blue Mountains Eye Study, the association between cortical

cataract and increased mortality was no longer significant in

persons without diabetes, indicating that the observed association

may be confounded by the presence of diabetes [5]. Diabetes is

one of the most consistent determinants for cortical cataract [36–

38]. In this systematic review, most of the included studies have

adjusted for the effect of diabetes in the multivariate analysis

(Table 2), indicating that the association between cortical cataract

and mortality may be, at least partially, independent. UV light

exposure could increase the risk of cortical cataract [39]. Exposure

to UV light, a known risk factor for cortical cataract, can lead to

oxidative stress in the lens, which is a main cause for cortical

cataract. This process is similar with other systemic causes of

oxidative stress, which may increase the risk of systemic morbidity

[40].

The association of PSC cataract and mortality was also

positively significant in this meta-analysis although there were

fewer studies reporting this association compared with other

subtypes. At current stage, we were unable to provide a reasonable

biological explanation for this observed association. Animal studies

have demonstrated that injection of peroxidative substances into

the vitreous resulted in the formation of PSC cataract [41], which

may be mediated by peroxidative damage of the whole body.

We found a marginally non-significant association between

cataract surgery and mortality, which may be a balanced effect of

aged-related cataract and good knowledge of health. Adults who

have undergone cataract surgery certainly had cataract previously,

which may increase the risk of long term mortality. On the other

hand, they tend to have better knowledge of health and healthier

lifestyle compared with those who did not. For example, in the

Beaver Dam Eye Study, adults with cataract surgery were more

likely to take vitamin supplements [2]. Also, adults with previous

cataract surgery may have better access to health care services. A

clinical trial investigating the effect of cataract surgery on survival

in cataract patients may be useful to confirm this finding.

Our meta-analysis may have some important clinical implica-

tions. Previous studies have shown that age-related cataract is

associated with systemic comorbidities [42] and general functional

decline [43] in older adults. We confirmed that these systemic

comorbidities and functional decline are sufficient to cause death

in the general population. Therefore, we propose that lens imaging

may be a necessary clinical examination for normal heath

screening of older adults and should not be limited only in eye

clinics. Currently, there are various technologies [44–45] for lens

imaging and it remains controversial which one is the best to

quantify lens opacity in elderly adults.

There are several strengths of the meta-analysis. The qualities of

the included studies were relatively high with population-based
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samples achieving reasonable follow-up rates and the use of

standardized grading systems for age-related cataract. Limitations

of this meta-analysis should also be acknowledged. First, the

potential biases in the original studies, methodological issues and

different strategies for adjusting for confounders could affect the

results from this meta-analysis. The longitudinal association of age-

related cataract and mortality may have been confounded by

other unadjusted factors or selection bias. Second, different studies

used different cataract grading system, sampling strategies, follow-

up period, and ways of mortality measures, which would affect the

estimates of mortality. These differences could have also contrib-

uted to the observed high heterogeneity across studies. Thirdly,

most included studies only reported the association between

cataract and all-cause mortality and therefore we were unable to

summarize the association between cataract and the cause of

mortality. Fourthly, the number of the contributing prospective

studies was small and therefore, detailed subgroups analysis may

not be feasible. Finally, although there was no evidence of

publication bias as indicated by a non-significant Egger test and

Begg’s test, publication bias could still be of concern because

studies that report statistically significant results are more likely to

get published than studies that report non-significant results, and

this could have distorted the findings of our meta-analyses.

In conclusion, this systematic review and meta-analysis

confirmed a longitudinal associations of all age-related cataract

subtypes but not cataract surgery with increased mortality. The

association was strongest for nuclear cataract. Clinically, ophthal-

mologists and clinicians should be aware that lens imaging may be

a useful tool for the assessment of ageing of the whole body.
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