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PURPOSE. To assess the association of dietary carbohydrate intake and dietary glycemic index
(GI), and risk of age-related cataract (ARC), and quantitatively estimate their dose-response
relationships.
METHODS. We searched Medline, the Cochrane Library, Excerpta Medica database (EMBASE),
Institute for Scientific Information (ISI) Science Citation Index, ISI Web of Knowledge, and
China National Knowledge Infrastructure (CNKI) databases before October 2013. Two
authors independently extracted data and assessed study quality. The random-effect model
was used to calculate the pooled odds ratios (ORs). Dose-response analyses, subgroup
analyses based on ARC subtypes, heterogeneity, and publication bias assessment were also
carried out.
RESULTS. Seven studies were included in our meta-analysis. The pooled ORs of ARC for the
highest versus the lowest category of carbohydrate intake and GI were 1.18 (95% confidence
interval [CI]: 1.01–1.38) and 1.15 (95% CI: 1.00–1.32), respectively. Further subgroup
analyses based on ARC subtypes suggested a marginally significant association between higher
carbohydrate intake and cortical cataract risk (OR: 1.37, 95% CI: 0.99–1.90), and a statistically
significant association between higher GI and nuclear cataract risk (OR: 1.23, 95% CI: 1.03–
1.46). In addition, a significant dose-response relationship was observed between
carbohydrate intake and the risk of cortical cataract.
CONCLUSIONS. Our results indicate that higher dietary carbohydrate quantity and GI may be
associated with the risk of cortical and nuclear cataract, respectively. The results should be
interpreted cautiously and more studies are warranted to clarify this issue.
Keywords: dietary carbohydrate intake, glycemic index, age-related cataract, meta-analysis

A

quality and the risk of ARC by summarizing it quantitatively
with a meta-analysis approach.

ge-related cataract (ARC) remains the leading cause of
blindness worldwide.1 With the global aging of population,
the prevalence of cataract is increasing rapidly. Although the
lens extraction is usually available and effective, the growing
need for cataract surgical resources imposes a heavy personal
and societal economic burden.2 Therefore, prevention through
modifying known risk factors appears to offer the best way to
the development of nonsurgical strategies for delaying or
preventing cataract, which could not only enhance the quality
of life for the elderly, but also reduce this enormous public
health burden.
In recent years, various risk factors including age, diabetes,
smoking, and exposure to UV-B light have been reported to
play critical roles in cataract development.3–5 There have been
considerable evidence linking aberrant glucose metabolism to
an increased cataract risk,6–12 and several studies have
investigated the possible associations between carbohydrate
nutrition and cataract; however, the results of those trials,
which examined the association between dietary carbohydrate
and risk of various types of cataract in human were
inconsistent.13–19 The aim of our study was to evaluate the
evidence from these studies on carbohydrate quantity and

Systematic literature searches were conducted in six databases:
Medline, the Cochrane Library, Excerpta Medica database
(EMBASE), Institute for Scientific Information (ISI) Science
Citation Index, ISI Web of Knowledge, and China National
Knowledge Infrastructure (CNKI) up to October 2013. Search
terms included ‘‘carbohydrate intake,’’ ‘‘carbohydrate nutrition,’’ ‘‘macronutrition intake,’’ ‘‘dietary glycemic index,’’
combined with ‘‘age-related cataract,’’ ‘‘cataract,’’ or ‘‘lens
opacities.’’ The references section of relevant reviews and
original articles were also scanned for potential trials missed in
the primary searches. Titles and abstracts of articles selected
from the initial search were first scanned, and then full papers
of potential eligible studies were reviewed. This meta-analysis
was designed, conducted and reported according to the
Preferred Reporting Items for Systematic Reviews and Meta-
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METHODS
Data Sources, Search Strategy, and Section Criteria
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Analyses (PRISMA) and Meta-analysis Of Observational Studies
in Epidemiology (MOOSE) statements.20,21
We included articles if they met all the following criteria: (1)
cross-sectional study, case-control, or cohort study published as
an original article, (2) the study of interest was the dietary
carbohydrate intake and/or dietary glycemic index (GI), (3) the
outcome of interest was ARC, and (4) odds ratio (OR), relative
risk (RR), or hazard ratios (HR) estimates and their 95%
confidence intervals (CIs) were available or could be calculated. When there were overlapped or duplicated data, only the
most recent data were included.

Data Extraction
Two reviewers (HW, HZ) independently extracted data using a
standardized data extraction form. Any discrepancy was
discussed and adjudicated by a third reviewer (PL) until a
consensus was achieved. Information extracted from each article
included the following items: first author, year of publication,
country of origin (continent), type of study design, sample size,
mean age, sex, outcomes definitions and grading, OR, RR, or HR,
and corresponding 95% CIs for ‘‘the highest versus the lowest
category of carbohydrate intake’’ and ‘‘the highest versus the
lowest category of GI.’’ If a study provided several risk estimates,
the best adjusted estimate was extracted. The study quality was
assessed using the Newcastle-Ottawa Scale.22

Statistical Analysis
We evaluated the association between dietary carbohydrate
intake and dietary GI and ARC risk by pooling the results of the
included studies. When factors of interest were estimated by
greater than or equal to two studies, the pooled ORs and 95%
CIs were calculated by a random-effect model, which
considered both with-in and between-study variation. For each
study, the most fully adjusted ORs for the highest versus the
lowest category of carbohydrate intake and GI were used to
calculate the pooled estimates. The extent of heterogeneity
across studies was checked using the Q statistic and I2 test.23,24
P less than or equal to 0.1 and/or I2 greater than 50% indicates
significant heterogeneity. Moreover, we performed subgroup
analyses based on ARC subtypes (cortical cataract, nuclear
cataract, and posterior subcapsular cataract). Besides, subgroup analyses and sensitivity analyses were adopted to explain
the potential heterogeneity.
We analyzed the dose-response relationship between
dietary carbohydrate intake and dietary GI and ARC using
linear, first-order, and second-order fractional polynomial
regression of the inverse variance-weighted data to estimate a
curve of best fit.25 The best-fit curve was selected using
decreased deviance compared with the reference model.
Comparisons of curves to determine best fit were done using
a v2 distribution.25 We used generalized least squares (GLST)
for trend estimation of summarized dose-response data.26
To assess the publication bias, funnel plots (i.e., plots of
study results against precision) were constructed. The Egger’s
regression test was adopted to test the asymmetry of funnel
plots (P < 0.1 was considered as statistically significant
publication bias).27 All analyses were conducted using Stata
software (version 11.0; StataCorp, College Station, TX, USA),
and the significance level was set to P less than 0.05.

RESULTS
Literature Search
A flow diagram of our literature search is shown in Figure 1.
After searching Medline, the Cochrane Library, EMBASE, ISI
Science Citation Index, ISI Web of Knowledge, and CNKI, we
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FIGURE 1. Selection of studies included in the meta-analysis.

identified 191 articles, 176 of which were excluded after firstpass review of abstracts and titles. After full-text review of the
remaining 15 articles, eight articles were excluded for the
following reasons: three articles were editorial, comment, or
review but not original articles,28–30 four studies did not
evaluate carbohydrate intake or GI,31–34 and one study did not
report OR for the highest versus the lowest category of
carbohydrate intake.35 The remaining seven articles, including
six population-based cohort studies13–18 and one case-control
study,19 were included in the meta-analysis.

Study Characteristics
A total of seven studies with 11,944 participants were included
in our meta-analysis, as detailed in the Table. All articles were
published between 2000 and 2012. Of these seven studies,
three were conducted in the USA,14,15,18 three in Australia,13,16,17 and one in China.19 One of the included studies was
case-control study,19 while the other six were based on cohort
studies: two were cross-sectional analysis of baseline data from
Blue Mountains Eye Study (BMES)13 and Age-Related Eye
Disease Study (AREDS)15; two reported the 5-17 and 10-year16
follow-up data of BMES; one analyzed the 14-year follow-up
data from the Nutrition and Vision Project (NVP) of Nurses’
Health Study (NHS)14; and the remaining one study assessed
data from the Melbourne Visual Impairment Project (VIP) at
the 5-year follow-up visit.18 All seven studies reported the
correlation between dietary carbohydrate intake and ARC risk,
while five of them evaluated the association between dietary
GI and ARC risk. Participants of the included studies were
divided into different categories of three, four, and five
according to their dietary carbohydrate intake or GI. Considering the difference in reporting the measurement of
carbohydrate intake and GI, we used the highest versus lowest
category to measure the association between carbohydrate
intake and GI and risk of ARC. Not all the studies reported
every subtype of ARC. Age-related cataracts ascertainment was
all based on lens photography among the studies, while the
definition and grading of cataract was based on different
systems: the Wisconsin Cataract Grading System (n ¼ 3)13,16,17;
the Lens Opacities Classification System III (n ¼ 2)14,19; the
Age-Related Eye Disease Study System for Classifying Cataracts
(n ¼ 1),15 and the Wilmer Cataract Grading System (n ¼ 1).18
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1609

933

1988

3377

417

2900

No. of
Sex Participants

49–97

Age, y

13

Reference

The Wisconsin Cataract Grading
System
Cortical cataract: ‡5% cortical
opacity; nuclear cataract: grade
4 or 5; posterior subcapsular
cataract: any PSC present.
The Wisconsin Cataract Grading
System
Cortical cataract: ‡5% cortical
opacity; nuclear cataract: grade
4 or 5; posterior subcapsular
cataract: any PSC present.
The Wilmer Cataract Grading
System
Cortical cataract: 4/16 or
greater opacity; nuclear
cataract: Wilmer standard grade
2 or higher; posterior
subcapsular cataract: PSC
opacity ‡ 1 mm2.

AREDS-SCC
Nuclear opacities: grade > 2.5;
Cortical opacity: grade >0%.

The Wisconsin Cataract Grading
System
Cortical cataract: ‡5% cortical
opacity; nuclear cataract: grade
4 or 5; posterior subcapsular
cataract: any PSC present.
LOCS III
Nuclear opacities: grade ‡ 2.5;
Cortical opacity: grade ‡ 1.0.

ARC Definition and Grading
Cut-Points

TABLE. Characteristics Reported in the Literatures Included in the Meta-Analysis

Nuclear
Cortical

Nuclear
Cortical
Posterior
Subcapsular

Nuclear
Cortical
Posterior
Subcapsular

Nuclear
Cortical

Nuclear
Cortical

Nuclear
Cortical
Posterior
Subcapsular

ARC Subtypes

Carbohydrate (g/d): Q1–Q4
182 (Q1)
280 (Q4)
GI: Q1–Q4
51.1 (Q1)
62.3 (Q4)
Carbohydrate (g/d): Q1–Q4
(F): 144.54 (Q1)
191.06 (Q4);
(M): 229.74 (Q1)
170.21 (Q4)
GI: Q1–Q4
(F): 47.45 (Q1)
49.74 (Q4)
(M): 57.60 (Q1)
59.66 (Q4)

Carbohydrate (g/d):T1–T3
<185 (T1)
‡200 (T3)
GI: T1–T3
<73.6 (T1)
‡75.9 (T3)
Carbohydrate (g/d): lowest 25%,
middle 50%, and highest 25%
(F): <134.0 (lowest 25%)
‡176.1 (highest 25%)
(M): <155.4 (lowest 25%)
‡202.3 (highest 25%)
GI: lowest 25%, middle 50%, and
highest 25%
(F): <74.1 (lowest 25%)
‡80.7 (highest 25%)
(M): <76.5 (lowest 25%)
‡82.1 (highest 25%)
Carbohydrate (g/d): Q1–Q5
188 (Q1)
284 (Q5)

Carbohydrate (g/d): Q1–Q5
172.6 (Q1)
268.2 (Q5)

Measure/Range of Exposure

8

Age, sex, education, race, BMI, daily
alcohol intake, smoking status, sunlight
exposure, dietary vitamin C intake,
calorie intake, energy

8

8

Age, sex, diabetes, cardiovascular disease,
obesity, smoking, myopia, ever use of
inhaled steroids

Age, sex, education, country of birth,
BMI, daily alcohol intake, pack-years of
smoking, sunlight exposure, AMD
status, energy-adjusted dietary vitamin
C, vitamin E, b-carotene, lutein/
zeaxanthin intake, energy-adjusted
linoleic acid, a-linolenic acid,
eicosapentaenoic acid,
docosahexaenoic acid, total fat intake

8

8

Age, BMI, summer sun exposure, daily
alcohol intake, pack-years of smoking,
duration of vitamin C supplement use

Age, sex, diabetes, use of oral or inhaled
corticosteroids, hypertension, BMI,
alcohol and smoking history, myopia,
dark brown iris color, sun-related skin
damaged, IOP

8

Study
Quality*

Age, sex, energy

Adjusted Variables
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Besides, the grading cut-points for cataract definition varied
among the studies. For participants with more than one type
of cataract, three studies only used data of the most severely
affected eye,13,17,19 three studies excluded eyes with mixed
cataracts,14,15,18 and one study did not report the solution
method.16 Most studies provided risk estimates that were
adjusted for age (all seven studies), sex (all seven studies),
smoking (six studies), body mass index (BMI; five studies),
and alcohol intake (five studies). Several studies were adjusted
for diabetes (three studies), sun exposure (three studies),
vitamin C intake (three studies), hypertension (two studies),
myopia (two studies), and education (two studies).

LOCS III, Lens Opacities Classification System III; AREDS-SCC, The Age-Related Eye Disease Study System for Classifying Cataracts; F, female; M, male.
* Study quality was judged based on the Newcastle-Ottawa Scale (range, 1–9 stars).

7
Age, sex, smoking status, alcohol intake,
hypertension, diabetes, BMI, family
economic level
Carbohydrate (g/d): Q1–Q4
Q1: the highest 25%
Q4: the lowest 25%
Nuclear
Cortical
Posterior
Subcapsular
LOCS III
Nuclear opacities: grade ‡4;
cortical and posterior
subcapsular opacity: grade ‡2.
720
45–85
19

F/M

Age, y
Reference

TABLE. Continued

Sex

No. of
Participants

ARC Definition and Grading
Cut-Points

ARC Subtypes

Measure/Range of Exposure

Adjusted Variables

Study
Quality*
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Association Between Dietary Carbohydrate Intake
and ARC Risk
The multivariable-adjusted ORs for each study and combination of all studies for the highest versus lowest category of
carbohydrate intake are shown in Figure 2. We found that
higher carbohydrate intake was significantly associated with
increased risk of ARC (OR ¼ 1.18, 95% CI: 1.01–1.38; I2 ¼
41.7%; P ¼ 0.033). In subgroup analyses, results from these
studies on dietary carbohydrate intake in relation to cortical
cataract, nuclear cataract, and posterior subcapsular cataract
were inconsistent, with both inverse and positive relationship
reported. Seven studies were included for the analysis of the
association between carbohydrate intake and cortical cataract
risk,13–19 seven for carbohydrate intake and nuclear cataract
risk,13–19 and four for carbohydrate intake and posterior
subcapsular cataract risk.13,16,17,19 Results obtained revealed a
marginally significant association between higher carbohydrate intake and cortical cataract risk (OR ¼ 1.37, 95% CI:
0.99–1.90); however, no such association was found for
higher carbohydrate intake with increased risk of nuclear
cataract (OR ¼ 1.04, 95% CI: 0.89–1.23) or posterior
subcapsular cataract (OR ¼ 1.27, 95% CI: 0.85–1.90).
Statistically significant heterogeneity was found in the
studies of carbohydrate intake and cortical cataract (I2 ¼
67.3%, P ¼ 0.005), but not in the studies of nuclear cataract (I2
¼ 0.0%; P ¼ 0.749) and posterior subcapsular cataract (I2 ¼
25.7%; P ¼ 0.257). After removing the studies from BMES in
Australian populations,13,16,17 the heterogeneity was decreased (I2 ¼ 60.8%, P ¼ 0.054) and stronger associations
were found between carbohydrate intake and cortical cataract
(OR ¼ 1.97, 95% CI: 1.21–3.21). Furthermore, the estimate
was unchanged for the remaining studies of nuclear cataract
(OR ¼ 1.02, 95% CI: 0.77–1.34) and posterior subcapsular
cataract (OR ¼ 1.24, 95% CI: 0.75–2.63).

Association Between Dietary GI and ARC Risk
Four studies assessed the correlation between dietary GI and
ARC risk.14–16,18 The multivariable-adjusted ORs for each
study and combination of all studies for the highest versus the
lowest category of GI are shown in Figure 3. We found that
higher GI was significantly associated with increased risk of
ARC (OR ¼ 1.15, 95% CI: 1.00–1.32; I2 ¼ 13.1%; P ¼ 0.325).
Subgroup analyses were further conducted based on ARC
subtype. As shown in Figure 3, all four studies analyzed the
association between GI and cortical and nuclear cataract risk.
Unlike carbohydrate intake, higher GI significantly increased
the nuclear cataract risk by 23% (OR ¼ 1.23, 95% CI: 1.03–
1.46); however, no significantly increased risk was observed
for cortical cataract (OR ¼ 1.11, 95% CI: 0.81–1.52). In
addition, there was statistically significant heterogeneity
among studies assessing the association between GI and
cortical cataract risk (I2 ¼ 54.6%; P ¼ 0.086), but not in studies
evaluating nuclear cataract risk (I2 ¼ 0.0%; P ¼ 0.663). After

Dietary Carbohydrate Intake, GI, and Risk of ARC
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FIGURE 2. Pooled ORs of ARC and its subtypes for the highest versus the lowest category of carbohydrate intake.

excluding the study by Tan et al.,16 no statically significant
heterogeneity was found between GI and cortical cataract (OR
¼ 0.99, 95% CI: 0.81–1.20; I2 ¼ 0%; P ¼ 0.554).

Dose-Response Meta-Analysis
Five studies were available for dose-response analysis,13–15,18,19
and we identified a significant dose-response relationship
between carbohydrate intake and the risk of cortical cataract
(Fig. 4, P ¼ 0.03). The fractional polynomial curve (Fig. 4B)
indicated that carbohydrate intake might increase cortical
cataract in an approximately linear manner (Fig. 4A). Best-fit
curve is shown in Figure 4B, and the best-fit parameters, which
were calculated by STATA software (StataCorp), were 5 and
4. In contrast, no clear dose-response relationship was
observed between increased GI and risk of nuclear cataract
(P ¼ 0.45).

Publication Bias Analysis
Begg’s funnel plot and Egger-weighted regression were applied
and no significant publication bias was detected in our metaanalysis, as shown in Figure 5.

DISCUSSION
The current meta-analysis summarizes the results of seven
studies, including six population-based cohort studies13–18 and
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one case-control study,19 with a total of 11,944 participants.
The results indicated that higher carbohydrate intake and GI
significantly increase ARC risk. Interestingly, subgroup analyses
based on ARC subtypes suggested a marginally significant
association between higher carbohydrate intake and cortical
cataract risk, while a statistically significant association
between higher GI and nuclear cataract risk. Furthermore, a
significant dose-response relationship was observed between
carbohydrate intake and the risk of cortical cataract.
An association between carbohydrate nutrition and lens
opacities is biologically plausible. Metabolic studies have
shown that a high intake of carbohydrates can induce a rapid
postprandial glucose response.36,37 As compared with the
rapid uptake of glucose and its subsequent decline to basal
level in some cells and tissues, glucose is taken up relatively
slow from plasma into the aqueous, through where it passes
freely into the lens and is slowly turned over.14 Prolonged
exposure of the lens proteins to elevated glucose concentrations could cause polyol pathway disruption, lipid peroxidation, cross-linking, glycation, and glycation-mediated oxidation,
which lead to increased osmotic and oxidative stress in the
lens, and eventually opacification.38–42 In addition, higher
glycemic load was observed to be linked with higher plasma
concentrations of the inflammatory marker C-reaction protein,36 which may play an important role in the pathogenesis of
ARC.43 Animal studies also showed that higher concentrations
of plasma glucose were associated with increased risk of
cataract.44

IOVS j June 2014 j Vol. 55 j No. 6 j 3665

Dietary Carbohydrate Intake, GI, and Risk of ARC

FIGURE 3. Pooled ORs of ARC and its subtypes for the highest versus the lowest category of GI.

However, the specific mechanisms underlying the association between carbohydrate intake and GI and cortical and
nuclear cataract, respectively, remain to be clarified. It has
been suggested that higher carbohydrate diets and plasma
glucose concentrations might result in chronically enhanced
exposure of lens cortex proteins to glucose,14 and glucose
concentrations remained higher in the cortex than in the
nucleus of the lens.45,46 In addition, the insoluble glycated lens
proteins in diabetic cataract seemed to be located in the
cortical region of lens.47 Epidemiologic data also suggested
that carbohydrate intake has a more consistent link with
cortical cataract than with nuclear cataract.3,10,11,48–50 These
data supported our finding that higher carbohydrate intake
might increase the risk of cortical cataract. In contrast, GI was
shown to be associated with increased risk of nuclear cataract.

Glycemic index, which is used to assess carbohydrate quality,
was used to measure how fast a carbohydrate food can raise
blood glucose.15 Previous research indicated that after
consuming higher GI diets, the peak postprandial blood
glucose concentration is higher, and it takes a longer time to
return to baseline blood glucose concentration.51 Studies have
shown that the postprandial rise in glucose is consistent with
depression of serum antioxidants, that is, the higher the
glycemia, the greater the postprandial depression of serum
antioxidants.52 These serum antioxidants including tocopherols, lutein, and vitamin C were reported to reduce the risk of
incident nuclear cataract.53–56 It has been suggested that
because the nucleus of the lens, which contained considerably
less antioxidant activity compared with the cortex, was
significantly more susceptible to oxidation.57 Therefore, it is

FIGURE 4. Dose-response analysis of the associations between carbohydrate intake and the risk of cortical cataract. (A) Linear regression curve. (B)
Fractional polynomial curve. Solid line: pooled and fitted ORs; dashed lines: 95% CIs.
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FIGURE 5. The funnel plots for the associations between carbohydrate intake (A) or GI (B) and cataract risk.

possible that higher GI diets, which could inhibit the serum
antioxidants, may cause more oxidative damage in the nuclear
tissue of lens than lower GI foods by exposing the tissue to
glucose for longer time. However, the exact molecular
mechanisms still need further investigation.
To determine the sources of heterogeneity is an important
goal of meta-analysis. In the current study, significant
heterogeneity was observed in the evaluation of the association
between ARC and carbohydrate intake (I2 ¼ 41.7%; P ¼ 0.033).
There were also significant heterogeneity in the assessment of
the association between cortical cataract risk and carbohydrate
intake (I2 ¼ 67.3%; P ¼ 0.005)/GI (I2 ¼ 54.6%; P ¼ 0.086).
Subgroup and sensitivity analyses suggested that ARC subtype
and individual study might contribute to the between-study
heterogeneity. Other factors might also contribute to the
heterogeneity, including the wide range of values for the cutoff
points for the lowest and the highest categories for carbohydrate intake and GI level, the different cutoff points for cataract
definition, various ages of the study population, different
adjusting covariates, and the varied range of diet evaluation
duration across the studies. A future individual participant data
meta-analysis might help solve this problem.
Our study has several strengths. First, this is the first metaanalysis to assess the association between dietary carbohydrate
intake and dietary GI and risk of ARC. Second, most of the
included studies were of high methodological quality. Third, no
publication bias was observed, which indicates that the entire
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pooled result may be unbiased. Finally, dose-response analyses
were applied to assess the association between carbohydrate
intake and cortical cataract risk, which further strengthened
the association.
This meta-analysis, however, was limited in some aspects as
well. First, the number of studies involved in the meta-analysis
was not large enough, especially in subgroup analyses. Second,
the included studies were limited to the United States,
Australia, and China; therefore, the conclusions should be
taken cautiously for other ethnic populations. Finally, the
studies differed in their procedure for assessing ARC or its
subtypes (Table). Measures of ARC, such as levels of lens
opacity, introduce the potential of interobserver variation.
Thus, this may have led to considerable variability in the
conclusion of the present meta-analysis.
In conclusion, the present meta-analysis demonstrates that
dietary carbohydrate intake and GI may be associated with
increased risk of cortical and nuclear cataract, respectively. In
addition, a significant dose-response relationship is observed
between carbohydrate intake and cortical cataract risk. The
results should be interpreted cautiously and more studies are
warranted to clarify this issue. Carbohydrate nutrition represents one of the main dietary components for humans and ARC
is still a great health burden, so further mechanistic studies and
randomized trials would be warranted to develop preventive
strategies according to these findings.

Dietary Carbohydrate Intake, GI, and Risk of ARC

Acknowledgments
Supported by grants from the Natural Science Foundation of China
(No. 81070756), New Century Excellent Talents Program, Ministry
of Education (NCET-11-0161; China), Zhejiang Provincial Key
Project of Medical and Health (No. 2011ZDA014; Hangzhou,
Zhejiang, China), Zhejiang Provincial Program for the Cultivation
of High-Level Innovative Health Talents (Hangzhou, Zhejiang,
China), and National Clinical Key Discipline Project, Ministry of
Health (China).
Disclosure: H. Wu, None; H. Zhang, None; P. Li, None; T. Gao,
None; J. Lin, None; J. Yang, None; Y. Wu, None; J. Ye, None

References
1. Thylefors B, Negrel AD, Pararajasegaram R, Dadzie KY. Global
data on blindness. Bull World Health Organ. 1995;73:115–
121.
2. Taylor HR, Vu HT, Keeffe JE. Visual acuity thresholds for
cataract surgery and the changing Australian population. Arch
Ophthalmol. 2006;124:1750–1753.
3. Rowe NG, Mitchell PG, Cumming RG, Wans JJ. Diabetes,
fasting blood glucose and age-related cataract: the Blue
Mountains Eye Study. Ophthalmic Epidemiol. 2000;7:103–
114.
4. Wu R, Wang JJ, Mitchell P, et al. Smoking, socioeconomic
factors, and age-related cataract: the Singapore Malay Eye
study. Arch Ophthalmol. 2010;128:1029–1035.
5. Abraham AG, Condon NG, West Gower E. The new
epidemiology of cataract. Ophthalmol Clin North Am. 2006;
19:415–425.
6. Karasik A, Modan M, Halkin H, Treister G, Fuchs Z, Lusky A.
Senile cataract and glucose intolerance: the Israel Study of
Glucose Intolerance Obesity and Hypertension (The Israel
GOH Study). Diabetes Care. 1984;7:52–56.
7. Dugmore WN, Tun K. Glucose tolerance tests in 200 patients
with senile cataract. Br J Ophthalmol. 1980;64:689–692.
8. Kato S, Oshika T, Numaga J, Kawashima H, Kitano S, Kaiya T.
Influence of rapid glycemic control on lens opacity in patients
with diabetes mellitus. Am J Ophthalmol. 2000;130:354–355.
9. Kato S, Shiokawa A, Fukushima H, et al. Glycemic control and
lens transparency in patients with type 1 diabetes mellitus.
Am J Ophthalmol. 2001;131:301–304.
10. Klein BE, Klein R, Lee KE. Diabetes, cardiovascular disease,
selected cardiovascular disease risk factors, and the 5-year
incidence of age-related cataract and progression of lens
opacities: the Beaver Dam Eye Study. Am J Ophthalmol. 1998;
126:782–790.
11. Leske MC, Wu SY, Hennis A, Connell AM, Hyman L, Schachat
A. Diabetes, hypertension, and central obesity as cataract risk
factors in a black population. The Barbados Eye Study.
Ophthalmology. 1999;106:35–41.
12. Jacques PF, Moeller SM, Hankinson SE, et al. Weight status,
abdominal adiposity, diabetes, and early age-related lens
opacities. Am J Clin Nutr. 2003;78:400–405.
13. Cumming RG, Mitchell P, Smith W. Diet and cataract: the Blue
Mountains Eye Study. Ophthalmology. 2000;107:450–456.
14. Chiu CJ, Morris MS, Rogers G, et al. Carbohydrate intake and
glycemic index in relation to the odds of early cortical and
nuclear lens opacities. Am J Clin Nutr. 2005;81:1411–1416.
15. Chiu CJ, Milton RC, Gensler G, Taylor A. Dietary carbohydrate
intake and glycemic index in relation to cortical and nuclear
lens opacities in the Age-Related Eye Disease Study. Am J Clin
Nutr. 2006;83:1177–1184.
16. Tan J, Wang JJ, Flood V, et al. Carbohydrate nutrition, glycemic
index, and the 10-y incidence of cataract. Am J Clin Nutr.
2007;86:1502–1508.

Downloaded from jov.arvojournals.org on 09/20/2020

IOVS j June 2014 j Vol. 55 j No. 6 j 3667
17. Townend BS, Townend ME, Flood V, et al. Dietary macronutrient intake and five-year incident cataract: the Blue
Mountains Eye Study. Am J Ophthalmol. 2007;143:932–939.
18. Chiu CJ, Robman L, McCarty CA, et al. Dietary carbohydrate in
relation to cortical and nuclear lens opacities in the melbourne
visual impairment project. Invest Ophthalmol Vis Sci. 2010;
51:2897–2905.
19. Yan J, Sun W, Zhang D, et al. Association between dietary
macronutrient intake and age-related cataract. Chin Gen
Pract. 2012;15:160–163.
20. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting
items for systematic reviews and meta-analyses: the PRISMA
statement. PLoS Med. 2009;6:e1000097.
21. Stroup DF, Berlin JA, Morton SC, et al. Meta-analysis of
observational studies in epidemiology: a proposal for reporting. Meta-analysis Of Observational Studies in Epidemiology
(MOOSE) group. JAMA. 2000;283:2008–2012.
22. Stang A. Critical evaluation of the Newcastle-Ottawa scale for
the assessment of the quality of nonrandomized studies in
meta-analyses. Eur J Epidemiol. 2010;25:603–605.
23. Lau J, Ioannidis JP, Schmid CH. Quantitative synthesis in
systematic reviews. Ann Intern Med. 1997;127:820–826.
24. Higgins JP, Thompson SG. Quantifying heterogeneity in a metaanalysis. Stat Med. 2002;21:1539–1558.
25. Royston P. A strategy for modelling the effect of a continuous
covariate in medicine and epidemiology. Stat Med. 2000;19:
1831–1847.
26. Nicola O, Rino B, Sander G. Generalized least squares for trend
estimation of summarized dose–response data. The Stata J.
2006;6:40–57.
27. Egger M, Davey Smith G, Schneider M, Minder C. Bias in metaanalysis detected by a simple, graphical test. BMJ. 1997;315:
629–634.
28. Mares-Perlman JA. Contribution of epidemiology to understanding relations of diet to age-related cataract. Am J Clin
Nutr. 1997;66:739–740.
29. Costagliola C, Lobefalo L, Gallenga PE. Role of higher dietary
carbohydrate intake in cataract development. Invest Ophthalmol Vis Sci. 2011;52:3593.
30. Chiu CJ, Taylor A. Nutritional antioxidants and age-related
cataract and maculopathy. Exp Eye Res. 2007;84:229–245.
31. Tavani A, Negri E, La Vecchia C. Food and nutrient intake and
risk of cataract. Ann Epidemiol. 1996;6:41–46.
32. Mares-Perlman JA, Brady WE, Klein BE, et al. Diet and nuclear
lens opacities. Am J Epidemiol. 1995;141:322–334.
33. Appleby PN, Allen NE, Key TJ. Diet, vegetarianism, and
cataract risk. Am J Clin Nutr. 2011;93:1128–1135.
34. Schaumberg DA, Liu S, Seddon JM, Willett WC, Hankinson SE.
Dietary glycemic load and risk of age-related cataract. Am J
Clin Nutr. 2004;80:489–495.
35. Theodoropoulou S, Samoli E, Theodossiadis PG, et al. Diet and
cataract: a case-control study. Int Ophthalmol. 2014;34:59–68.
36. Liu S, Manson JE, Buring JE, Stampfer MJ, Willett WC, Ridker
PM. Relation between a diet with a high glycemic load and
plasma concentrations of high-sensitivity C-reactive protein in
middle-aged women. Am J Clin Nutr. 2002;75:492–498.
37. Jenkins DJ, Wolever TM, Collier GR, et al. Metabolic effects of
a low-glycemic-index diet. Am J Clin Nutr. 1987;46:968–975.
38. Kinoshita JH. A thirty year journey in the polyol pathway. Exp
Eye Res. 1990;50:567–573.
39. Obrosova IG, Fathallah L, Lang HJ. Interaction between
osmotic and oxidative stress in diabetic precataractous lens:
studies with a sorbitol dehydrogenase inhibitor. Biochem
Pharmacol. 1999;58:1945–1954.
40. Zhao W, Devamanoharan PS, Varma SD. Fructose induced
deactivation of glucose-6-phosphate dehydrogenase activity

Dietary Carbohydrate Intake, GI, and Risk of ARC

41.

42.

43.

44.

45.

46.

47.

48.

and its prevention by pyruvate: implications in cataract
prevention. Free Radic Res. 1998;29:315–320.
Lee AY, Chung SK, Chung SS. Demonstration that polyol
accumulation is responsible for diabetic cataract by the use of
transgenic mice expressing the aldose reductase gene in the
lens. Proc Natl Acad Sci U S A. 1995;92:2780–2784.
Tessier F, Obrenovich M, Monnier VM. Structure and
mechanism of formation of human lens fluorophore LM-1.
Relationship to vesperlysine A and the advanced Maillard
reaction in aging, diabetes, and cataractogenesis. J Biol Chem.
1999;274:20796–20804.
Schaumberg DA, Ridker PM, Glynn RJ, Christen WG, Dana MR,
Hennekens CH. High levels of plasma C-reactive protein and
future risk of age-related cataract. Ann Epidemiol. 1999;9:
166–171.
Swamy-Mruthinti S, Shaw SM, Zhao HR, Green K, Abraham EC.
Evidence of a glycemic threshold for the development of
cataracts in diabetic rats. Curr Eye Res. 1999;18:423–429.
Cheng HM, Aguayo JB, Moore GJ, Mattingly M. Analysis of
diabetic cataractogenesis using chemical-shift nuclear magnetic resonance microscopy. Magn Reson Med. 1991;17:62–68.
Sawada T, Nakamura J, Nishida Y, et al. Imaging of (13)Clabeled glucose and sorbitol in bovine lens by (1)H-detected
(13)C nuclear magnetic resonance spectroscopy. Magn Reson
Imaging. 2003;21:1029–1031.
Mota MC, Carvalho P, Ramalho JS, Cardoso E, Gaspar AM,
Abreu G. Protein glycation and in vivo distribution of human
lens fluorescence. Int Ophthalmol. 1994;18:187–193.
Klein BE, Klein R, Wang Q, Moss SE. Older-onset diabetes and
lens opacities. The Beaver Dam Eye Study. Ophthalmic
Epidemiol. 1995;2:49–55.

Downloaded from jov.arvojournals.org on 09/20/2020

IOVS j June 2014 j Vol. 55 j No. 6 j 3668
49. Delcourt C, Cristol JP, Tessier F, Leger CL, Michel F, Papoz L.
Risk factors for cortical, nuclear, and posterior subcapsular
cataracts: the POLA study. Pathologies Oculaires Liees a l’Age.
Am J Epidemiol. 2000;151:497–504.
50. Saxena S, Mitchell P, Rochtchina E. Five-year incidence of
cataract in older persons with diabetes and pre-diabetes.
Ophthalmic Epidemiol. 2004;11:271–277.
51. Jenkins DJ, Kendall CW, Augustin LS, et al. Glycemic index:
overview of implications in health and disease. Am J Clin
Nutr. 2002;76:266S–273S.
52. Ceriello A, Bortolotti N, Motz E, et al. Meal-generated oxidative
stress in type 2 diabetic patients. Diabetes Care. 1998;21:
1529–1533.
53. Lyle BJ, Mares-Perlman JA, Klein BE, et al. Serum carotenoids
and tocopherols and incidence of age-related nuclear cataract.
Am J Clin Nutr. 1999;69:272–277.
54. Leske MC, Chylack LT Jr, He Q, et al. Antioxidant vitamins and
nuclear opacities: the longitudinal study of cataract. Ophthalmology. 1998;105:831–836.
55. Ma L, Hao ZX, Liu RR, Yu RB, Shi Q, Pan JP. A dose-response
meta-analysis of dietary lutein and zeaxanthin intake in
relation to risk of age-related cataract. Graefes Arch Clin Exp
Ophthalmol. 2014;252:63–70.
56. Tan AG, Mitchell P, Flood VM, et al. Antioxidant nutrient intake
and the long-term incidence of age-related cataract: the Blue
Mountains Eye Study. Am J Clin Nutr. 2008;87:1899–1905.
57. Borchman D, Giblin FJ, Leverenz VR, et al. Impact of aging and
hyperbaric oxygen in vivo on guinea pig lens lipids and
nuclear light scatter. Invest Ophthalmol Vis Sci. 2000;41:
3061–3073.

