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Abstract: Background: There is no consensus on the association between dietary fruit intake and age-related cata-
ract. The aim of this study is to conduct a systematic review and meta-analysis to analyze the relationship between 
dietary fruit intake and age-related cataract risk. Methods: We searched the PubMed and Web of knowledge to 
identify all studies that assessed the association between dietary fruit intake and age-related cataract risk through 
January 1, 2016. Relative risk (RR) and 95% confidence intervals (CI) with random-effect model were used to com-
bine the results. Publication bias was estimated using Egger’s regression asymmetry test. Results: Eight related ar-
ticles met our selection criteria and contained a total of 6218 cases and 111093 participants. Our meta-analysis re-
sults revealed that highest level of dietary fruit intake could significantly reduce the age-related cataract (RR=0.80, 
95% CI=0.68-0.93, P=0.005; I2=47.5%, Pfor heterogeneity=0.064). Subgroup analysis by ethnicity showed that the asso-
ciation was only significant in European populations (RR=0.60, 95% CI=0.45-0.81), but not in the other populations 
else. Significant associations were also found in prospective studies and case-control studies. Conclusions: Our 
meta-analysis showed strong evidence that highest dietary fruit intake could reduce the risk of age-related cataract, 
especially in European populations.
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Introduction

Visual impairment and blindness from cataract 
is an important public health problem through-
out the world. Age-related cataract accounts 
for about half of the 32 million cases of blind-
ness worldwide [1]. Besides, the number of 
people blind from cataract is increasing due to 
changes in the demographic structure of popu-
lations, especially the increased life expectan-
cy [2]. Thus, it is important to identify the pro-
tective factors for age-related cataract and 
may help to enhance the quality of life for older 
people.

Up to now, many original studies were conduct-
ed to assess the associations between dietary 
fruit intake and age-related cataract risk; whe- 
ther dietary highest level of fruit intake could 
reduce age-related cataract was still unclear 
[3-5]. The protection mechanisms that higher 
fruits intake reduce risk of age-related cataract 
may have the following several aspects. First  
of all, lutein and zeaxanthin, which are highly 

concentrated in fruits, are the predominant 
carotenoids in the lens [6]. The two substa- 
nces could protect our eyes from photoda- 
mage in vitro [7], and to be associated with 
reduced risk of cataract. Besides, most fruit  
are rich in vitamin C, which can explain their 
protective role in cataract formation [8]. Hence, 
we conducted a meta-analysis to clarify these 
conflicting results and obtain a comprehensive 
association between dietary fruit intake and 
age-related cataract.

Materials and methods

Literature search and study selection

The databases of PubMed and Web of knowl-
edge were searched electronically (last updat-
ed search in January 1, 2016) for published 
studies reporting a relationships between 
dietary fruit intake and age-related cataract 
risk. The following keywords and search terms 
were used: ‘fruit’ OR ‘dietary’ OR ‘diet’ AND 
‘lens opacities’ OR ‘cataract’ in the English lan-
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guage. Eligible texts were retrieved from the 
above data. In addition, we reviewed referenc-
es of relevant articles. 

Eligible studies should meet the following crite-
ria: (1) human study, (2) case-control study or 
cohort study or randomized clinic trial or cross-
sectional study, (3) the exposure was dietary 
fruit intake, (4) the outcomes was age-related 
cataract, (5) the relative risk (RR) with 95% con-
fidence interval (CI) for highest fruit consump-
tion versus lowest category with risk of age-
related cataract was provided. 

Exclusion criteria included: (1) animal study, (2) 
repeated or overlapped publications, (3) review, 
(4) lacking RRs (or ORs) or corresponding 95% 
CIs.

Data extraction

We used a standardized data extraction form  
to collect the data. The following information 
was extracted from each of the included stud-
ies: the first author’ last name, year of publica-
tion, study population, study design, mean age 

of the participants, sample size and RR (or  
OR) estimates with corresponding 95% CI for 
the highest versus lowest categories of fruit. 
Two independent authors conducted all of  
the above procedures, and any disagreements 
were resolved by discussion. 

Statistical analysis

The RR with 95% CI was used to assess the 
association between dietary fruit intake and 
risk of age-related cataract. Random-effects 
model was used to combine the results, which 
considers both within-study and between-study 
variation [9]. Homogeneity testing was per-
formed with the Q and I2 statistics [10]. Meta-
regression analysis was performed to assess 
the potentially important covariates that might 
exert substantial impact on between-study  
heterogeneity [11]. Additionally, the subgroup 
analyses of study design and geographic loca-
tions were conducted to identify the between-
study heterogeneity between dietary fruit int- 
ake and age-related cataract risk. Sensitivity 
analysis was used to investigate the influence 
of a single study on the overall effect estimate 
by omitting one study at a time during repeated 
analyses [12]. The Egger regression asymmetry 
test [13] and Begg funnel plot were used to 
assess the evidence of the publication bias. In 
the present study, P-values less than 0.05 were 
considered statistically significant. All statisti-
cal analyses were performed using Stata 10.0 
(Stata Corp, College Station, Texas, USA).

Results

Literature search and study characteristics

Figure 1 presents the study inclusion process. 
A total of 669 articles from PubMed and 854 
articles from Web of knowledge were initially 
retrieved. From the retrieved studies, 762 stud-
ies were excluded because of duplicates. There 
are 732 articles were further excluded after 
review the title or abstract. Two articles are 
searched from reference list. Furthermore, 4 
review articles, 12 articles lacking of RR or OR, 
6 reported animal studies, one letter to the  
editor were further excluded. At the end, 8  
articles [3-5, 8, 14-17] comprising 6218 cata-
ract cases and 111093 participants were 
included in our meta-analysis. Table 1 presents 
the general data and characteristics for the 
included studies.

Figure 1. The 
detailed steps 
of our litera-
ture search. 
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Table 1. Characteristics of studies on fruit consumption and age-related cataract risk

First author, (year) Country Study design Cases, 
(age)

RR (95% CI) for 
highest versus 
lowest category

Adjustment for covariates

Brown et al. (1999) United States Cohort 824, (45-75) 0.87 (0.68-1.11) Adjusted for age, time period, diagnosis of diabetes, cigarette smoking, BMI, area of US residence, aspirin 
use, energy intake, physical activity, alcohol intake, routine eye exams, and profession.

Christen et al. (2005) United States Cohort 2067, (≥45) 0.89 (0.75-1.06) Adjusted for age, randomized treatment assignment, smoking, alcohol use, history of diabetes, history of 
hypertension, history of hypercholesterolemia, BMI, physical activity, parental history of myocardial infarc-
tion, menopausal status, postmenopausal hormone use, use of multivitamins or vitamin C supplements, 
total energy intake, and history of an eye exam in the past 2 y in Cox proportional hazards regression 
models.

Christen et al. (2008) United States Cohort 2030, (≥45) 0.93 (0.80-1.08) Adjusted for age, randomized treatment assignment, smoking, alcohol use, BMI, exercise, postmeno-
pausal hormone use, history of hypertension, history of hypercholesterolemia, history of diabetes, family 
history of myocardial infarction before the age of 60, history of eye exam in the last 2 years.

Ojofeitimi et al. (1999) Nigeria Case-control 31, (20-70) 0.77 (0.12-1.34) Adjusted for age and sex.

Pastor-Valero et al. (2013) Spain Cross-sectional 433, (≥65) 0.56 (0.31-1.03) Adjusted for sex, age, energy intake, marital status, smoking, alcohol consumption, physical activity, use 
of supplement, energy intake, obesity and history of diabetes.

Tan et al. (2008) Australia Cohort 312, (≥49) 0.62 (0.28-1.37) Adjusted for age, sex, hypertension, smoking, diabetes, education, use of inhaled steroids, and use of 
vitamin C supplements.

Tavani et al. (1996) Italy Case-control 207, (25-80) 0.9 (0.5-1.6) Adjusted for age, sex, education, smoking status, diabetes, body mass index, and calorie intake.

Theodoropoulou et al. (2014) Greece Case-control 314, (45-85) 0.53 (0.39-0.72) Adjusted for age, sex, body mass index, years of education, smoking habits and duration of smoking, and 
total energy intake.
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Meta-analysis of findings

Data from 8 articles were analyzed in a ran-
dom-effects model to combine the associa- 
tion between dietary fruit intake and age-relat-
ed cataract risk. The combined results sug- 
gested that highest level of dietary fruit int- 
ake could significantly reduce the risk of  
age-related cataract (RR=0.80, 95% CI=0.68-
0.93, P=0.005; I2=47.5%, Pfor heterogeneity=0.064).  
Figure 2 presents the results of this analysis.

Subgroup analysis indicated that highest fruit 
level versus lowest level was significantly inve- 

rse associated with the risk of age-related  
cataract in European populations [summary 
RR=0.60, 95% CI=0.45-0.81, I2=20.8%], but 
not in America [summary RR=0.91, 95% CI= 
0.82-1.00, I2=0.0%] or the other population 
[summary RR=0.68, 95% CI=0.38-1.24, I2= 
0.0%]. For the subgroup analysis by study des- 
ign, the pooled results suggested that there  
is significant association between dietary fr- 
uit intake and age-related cataract risk both  
in case-control studies [summary RR=0.65, 
95% CI=0.45-0.92, I2=20.8%] and cohort stud-
ies [summary RR=0.90, 95% CI=0.81-0.99, 
I2=20.8%]. 

According to the Egger’s regression asymmetry 
test and Begg funnel plot (Figure 3), no evi-
dence of publication bias (P=0.164) was found.

Sensitivity analysis showed that when one of 
the included studies was omitted, the com-
bined RR was not changed significantly (Figure 
4). 

Discussion

Our study illustrated that there was significant 
difference significant association between 
dietary fruit intake and age-related cataract 
risk. The inverse associations were also found 
both in prospective studies and case-control 

Figure 2. The multivariate-adjusted risk of age-related cataract for the highest versus lowest categories of fruit 
consumption.

Figure 3. Begg funnel plot for the association be-
tween dietary fruit intake and age-related cataract.
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studies. We also find that highest level of 
dietary fruit intake could reduce the risk of  
age-related cataract in European populations, 
but not in America populations and other 
populations. 

However, our results showed moderate hetero-
geneity among the studies. The paper had 
reported that between-study heterogeneity is 
common in the meta-analysis [18]. We then 
used meta-regression with the covariates of 
publication years, study design and geogra- 
phic locations to explore the causes of hetero-
geneity. No significant finds was found in the 
above analysis. Furthermore, subgroup analy-
ses were conducted to explore the source of 
the between-study heterogeneity. When we 
divided the studies into study design, the 
between-study heterogeneity was low in cohort 
studies, and no between-study heterogeneity 
was found in case-control studies.

To our knowledge, this is the first meta-analysis 
and systemic review to investigate the associa-
tion between dietary fruit intake and age-relat-
ed cataract risk. We reviewed many reports in 
order to add strength to our study. The highli- 
ght of this study was that we found an inverse 
association between dietary fruit intake and 
risk of age-related cataract. Subgroup anal- 
yses of study design and geographic locations 
were also conducted to assess the relation-
ships between dietary fruit intake and age-
related cataract risk. There are 6218 cataract 

are required to investigate the association 
between dietary fruit intake and risk of age-
related cataract. Third, the statistical heteroge-
neity that appeared in our pooled analysis and 
subgroup analyses would also have a small 
effect on the reliability of our results.

Conclusions

We have demonstrated that highest level of 
dietary fruit intake could reduce the risk of  
age-related cataract, especially in European 
populations. 
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