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Background and Objectives: Three of the major ocular diseases, namely cataracts, age-related macular degener-
ation and glaucoma are associated with oxidative damage. Disease risk and progression may be reduced through 
consumption of dietary components. To critically examine the literature on dietary and supplemental intakes of 
fruit and vegetables, meat, antioxidants (vitamins C, E and A), calcium, folate, iron, and their association with 
ocular disease. Methods and Study Design: Google Scholar and key references from texts and publications were 
searched using search terms (eye disease, antioxidants), (vision, nutrition), no date restriction, only articles in 
English were included. Results: We found probable evidence that dietary intake of fruits and vegetables, and vit-
amin C lowered incidence of cataracts and age-related macular degeneration. In high supplemental doses, vitamin 
C increases macular degeneration risk. Vitamin A from food was protective for cataracts and glaucoma, but not in 
supplemental form. Vitamin A was associated with lower incidence of macular degeneration. We also found 
probable evidence that higher intakes of meat increased the risk of cataracts and macular degeneration. Dietary 
calcium and iron appeared protective against glaucoma, but not in supplemental form. Conclusions: While a nu-
trient rich diet high in fruit and vegetables, and associated antioxidants appeared to be protective, we would cau-
tion intake of supplementary antioxidants for those with ocular disease. 
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INTRODUCTION 
Cataracts (CAT) are the leading cause of visual impair-
ment and blindness worldwide.1 The total prevalence of 
visual impairment globally is estimated to be approxi-
mately 285 million, of which 39 million are blind. Of this 
approximately 51% of individuals suffering from blind-
ness are the result of untreated age-related cataract.1  

Age-related macular degeneration (AMD) is the third 
leading cause of blindness worldwide, however it is the 
leading cause of blindness in New Zealand and other ma-
jor countries within the western world.2,3 In New Zealand 
alone, AMD accounts for approximately 48% of blind-
ness registrations among those aged 50 or over.3 The in-
cidence of macular degeneration increases rapidly with 
age; with around 1 in 4 people over 80 suffering from 
AMD related visual loss. It is estimated that the number 
of individuals affected by AMD will rise by 70% by 
2030.4  

Glaucoma (GLA) is the second leading cause of irre-
versible blindness worldwide, current figures indicate the 
number of people affected by glaucoma is greater than 70 
million.5 These figures however may underrepresent the 
true prevalence of GLA as associated symptoms can re-
main absent until later stages of pathogenesis. This is 
supported by population-level surveys indicating only 10 
to 50% of participants with GLA are aware they have the 
disease.6 
    These three ocular diseases induce damage to the eye  

 
 
through mechanisms of oxidative stress.7 Antioxidants are 
often the body’s first line of defence against oxidative 
stress and are produced both internally and through the 
diet.7 Earlier research by Cao et al8 suggested that plasma 
antioxidant capacity could be increased with consumption 
of a diet rich in sources of antioxidants, such as fruit and 
vegetables. The Age-Related Eye Disease Study (AREDS) 
1 and 2 showed antioxidant therapy to reduce progression 
to late AMD by 25%.9 

Although diets rich in antioxidants have been identi-
fied in several studies to reduce the incidence of oxida-
tive stress related eye diseases, various antioxidant sup-
plement studies tend to provide conflicting findings.10-13 

Conversely, the dietary intake of meat and related micro-
nutrients such as cholesterol has been identified in vari-
ous studies to increase the risk of oxidative stress related 
eye conditions.14-17 The impact of diet on the risk of oxi-
dative-stress related eye diseases has been examined pre-
viously,17 but typically address the effect of antioxidant  
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supplements or fruit and vegetables in isolation, rather 
than total dietary intake.18 

This aim of this review was to examine the literature 
on the association between dietary intake and the risk of 
oxidative-stress related eye conditions taking a whole diet 
approach. 
 
METHODS 
Google Scholar and key references from texts and publi-
cations were searched using search terms (eye disease, 
antioxidants), (vision, nutrition), no date restriction, only 
articles in English were included. Research involving 
case-control, observational and randomised control de-
sign were included, if they investigated food components 
(including vitamins C, E, A, calcium, folate, iron) and its 
derivatives or fruit and vegetable intake on the incidence 
of ocular disease (CAT, AMD, GLA). Ethical approval 
was not required. 
 
RESULTS AND DISCUSSION 
Oxidative stress and the pathophysiology of cataracts 
The pathogenesis of cataracts is poorly understood, how-
ever oxidative stress appears to aid the progression of 
age-related cataracts by facilitating damage to cellular 
components and accumulating advanced glycation end 
products (AGEs).19 AGEs induce conformational changes 
in lens protein causing increased opacity. 

 
The role of diet in cataracts 
Participants with diets highest in fruit and vegetable 
intake appear to be at the lowest risk of cataracts (all 
types).17,20-22 Three studies using a case-control design 
demonstrated fruit and vegetables lower CAT risk, as 
seen by Jacques and Chylack21 (OR=0.57) or independent 
of each other as seen by Theodoropoulou et al17 
(OR=0.53; OR=0.47 respectively). Tavani, Negri and La 
Vecchia22 further highlight the reduced risk of cataracts 
with individual fruit and vegetable items such as spinach 
(OR=0.6), peppers (OR=0.7), and citrus fruit (OR=0.5) 
(See Table 1).  

Higher intakes of meat conversely appear to increase 
the risk of cataracts. This is observed in research by 
Theodoropoulou et al17 where participants with the 
highest meat intake had the greatest risk of cataracts (all 
types) (OR=1.46), and research by Appleby, Allen and 
Key14 where the risk of cataracts decreased with 
progressively lower intakes of meat (See Table 2). 

The protective association identified between higher 
intakes of fruit and vegetables with reduced risk of 
cataracts may be attributed to their composition, as they 
are dietary sources rich in antioxidants. Antioxidants have 
a key role in reduction of oxidative stress by inhibition of 
oxidative reactions and removal of free radical 
intermediates.23 

Higher dietary consumptions of vitamins C and E either 
in isolation or combined, are most consistently observed 
with reduced risk of cataracts (see Table 3). In two case-
control studies, high vitamin C consumption reduced 
CAT risk (OR=0.4 and 0.3 respectively).17,24 The 
protective impact of a high vitamin E intake in 
comparison was best observed by Robertson, Donner and 
Trevithick25 and Tavani et al22 both presenting odds ratio 

of 0.5 and 0.5 respectively. Supplemental intake of 
vitamins C and E in the prevention of CAT were also 
addressed by Robertson et al25 showing reduced risk 
across three groups assessed (excluding controls) of: 
vitamin C (approximately 300–600 mg) only (OR=0.3), 
vitamin E (approximately 400 mg) only (OR=0.44), and a 
combination of the two (OR=0.32).25 In addition Jacques 
and Chylack21 identified that participants with a low 
intake of vitamin C were more likely to develop cortical 
or posterior subcapsular cataracts (PSC CAT) (OR=3.7 
and 11.0 respectively). Those with a low plasma vitamin 
C status in this study were at a greater risk of CAT 
(OR=11.3), as with participants that had low plasma 
carotene (OR=7.2). Of cohort studies examined Tan et 
al26 and Jacques et al27 identified participants with the 
highest quintile of vitamin C intake had the lowest odds 
ratio (OR=0.55 and 0.31 respectively) of developing CAT 
of nuclear origin (see Table 3). 

Tan et al26 further identified that participants with a 
median intake of combined antioxidants (vitamins C and 
E, zinc and β-carotene) had a reduced risk of nuclear 
CAT by 49% (OR=0.51). Jacques et al27 showed in a 
separate study that only vitamin C had a significant 
association with a reduced risk of developing nuclear 
CAT after adjusting for vitamin E, riboflavin, folate, β-
carotene, and lutein and zeaxanthin. Supplement use was 
assessed by Jacques et al27 and Hankinson et al28 with 
findings from both studies suggesting greater than 10-
year use of vitamin C supplements are associated with 
decreased risk of nuclear CAT by 45% (OR=0.55) and 
64% (OR=0.36) respectively. The findings in Jacques et 
al,27 however were only applicable to female participants. 
Although greater than 10 year supplementation of vitamin 
C provided similar results between Hankinson et al28 and 
Jacques et al27 the overall findings by Hankinson et al28 
were vastly different than the other cohort studies. 
Hankinson et al28 suggested that there was no association 
between the dietary intake of vitamins C, E and riboflavin 
with nuclear opacities, while a high intake of carotenoids 
is inversely associated with nuclear opacities (OR=0.61).  

Jacques et al29 examined the impact of long term 
vitamin C supplements use on age-related lens opacities 
from a sample of the nurses health study cohort also used 
by Jacques et al27 and Hankinson et al.28 Findings suggest 
the use of vitamin C supplements is associated with a 
77% lower prevalence of early lens opacities (OR=0.23) 
and 83% lower prevalence of moderate lens opacities at 
any lens site.29 A cross-sectional design was employed by 
Ravindran et al30 examining the association between 
plasma vitamin C status and CAT, with findings 
suggesting an inverse relationship between plasma 
vitamin C and CAT (OR=0.61), with minor attenuation 
upon inclusion of other antioxidants such as lutein and 
zeaxanthin, retinol, β-carotene (OR=0.68). These findings 
for an inverse association with vitamin C and CAT are 
present across all three types with nuclear (OR=0.66), 
cortical (OR=0.7) and PSC (OR=0.58) presenting reduced 
risk.30 

Two randomised control trials were evaluated with con-
flicting findings around vitamin E supplementation. Seth 
and Kharb31 examined the impact of antioxidant supple-
mentation on participants diagnosed with CAT of both 
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Table 1. Table identifying key characteristics, associations, and findings of Fruits and Vegetables and ocular pathology, listed from beneficial to harmful effects, each disease type 
separated 
 

Author Ocular disease examined Study design and sample size Participant age 
(yrs.) 

Method of data  
collection Key findings 

Theodoropoulou, 
201417 

CAT: CX, PSC, NUC Case-control 
Cases=314 
Controls=314 

Between 45-85 Dietary FFQ ↓ risk CAT (all types) with high consumption of fruits (OR=0.53; 
95% CI: 0.39, 0.72; p<0.001), and vegetables (OR=0.47; 95% CI: 
0.38, 0.59; p<0.001) 

      

Jacques, 199121 CAT: CX, PSC, NUC, 
both or either lens 

Case-control 
Cases=77 
Controls=35 

Between 40-89 Plasma levels and 
Dietary FFQ for of 
vitamin C, E, and 
carotenoids 

↑ risk CAT (any) with ≤1.5 servings/day of fruits (OR=3.4), ≤2.0 
servings/day of vegetables (OR=3.6), and ≤3.5 servings/day of 
fruits and/or vegetables (OR=5.7) 

      

Tavani, 199622 CAT Case-control 
Cases=207 
Controls=706  

Median age  
Cases=63,  
Controls=62 
 

Dietary FFQ ↓ risk CAT with higher intakes of cruciferae (OR=0.5; 95% CI: 
0.3,0.8; p<0.001), spinach (OR=0.6; 95% CI: 0.4, 0.9; p<0.005), 
tomatoes (OR=0.5; 95% CI: 0.4, 0.8; p<0.001), peppers (OR=0.7; 
95% CI:0.4, 1.1, p<0.05), citrus fruit (OR=0.5; 95% CI: 0.2, 1.3, 
p<0.001), and melon (OR=0.5; 95% CI: 0.4, 0.8, p<0.001)  

      

Coleman, 200847 Glaucoma Cross-sectional cohort 
n=1,155, with 95 developing GLA 

Mean age=79.4 Dietary FFQ Statistically non-significant ↓ risk of GLA with ≥3 servings/day of 
all fruits and fruit juices (OR=0.98; 95% CI: 0.44, 2.19; p=0.963). 
Statistically non-significant ↑ risk of GLAU with ≥3 servings/day 
of all vegetables (OR=1.44; 95% CI: 0.47, 4.36; p=0.524).  

      

Giaconi, 201248 Glaucoma Cross-sectional study 
n=584, with 77 developing GLA 

Mean age=75.3 Dietary FFQ ↓ risk of GLA with ≥3 servings/day of all fruits and fruit juices 
(OR=0.21; 95% CI: 0.08, 0.60; p=0.023). Statistically non-
significant ↓ risk of GLA with ≥3 servings/day of all vegetables 
(OR=0.97; 95% CI:0.37, 2.54; p=0.965) 

      

Seddon, 199437 AMD Case-control 
Cases=356 
Controls=350 

Mean age  
Cases=71 
Controls=68 

Dietary FFQ ↓ risk of AMD with higher frequency of consumption/week of 
spinach or collard greens (OR=0.12, 95% CI: 0.01, 0.09; p<0.001) 

      

Vanden Langenberg, 
199835 

AMD Retrospective cohort 
n=1,586 
 

Ages 43-84 y Dietary FFQ ↓ risk of large drusen with high past intake of fruits and vegetables 
(OR=0.47; 95% CI: 0.2,1.0; p<0.05). Statistically non-significant  
↓ risk of large drusen with high baseline intakes of fruits and vege-
tables (OR=0.77; 95% CI: 0.4,1.7). Statistically non-significant  

      

Cho, 200436 AMD Prospective cohort 
n=77,562 women and 40,866 
men, with 464 total cases of AMD 
after follow up (up to 18 years) 

≥50  Dietary FFQ ↓ risk of AMD with ≥3 servings fruit/day (OR=0.64; 95% CI: 0.44, 
0.93; p=0.04). Similar findings for both sexes. 

 
AMD: age-related macular degeneration; CAT: cataracts; CX: cortical cataracts; PSC: posterior subcapsularcataracts; NUC: nuclear cataracts; GLA: glaucoma; NTG: normal tension glaucoma; FFQ: food frequency 
questionnaire.  
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Table 2. Table identifying key characteristics, associations, and findings of meat intake and ocular pathology, listed from beneficial to harmful effects, each disease type separated 
 

Author Ocular disease examined Study design and sample size Participant age 
(yrs.) 

Method of data col-
lection Key findings 

Theodoropoulou, 
2014 17 

CAT: CX, PSC, NUC Case-control 
Cases=314 
Controls=314 

Between 45-85 Dietary FFQ ↑ risk CAT with high meat intake (OR=1.46; 95% CI: 1.17, 1.81; 
p=0.001)  

      

Appleby, 201114 CAT Cohort 
n=27,670, with 1,484 developing 
cataracts at follow up 

≥40 Dietary FFQ ↓ risk CAT with progressively less daily dietary meat intake seen 
with moderate intake (50-99 g) (OR=0.96; 95% CI: 0.84, 1.11; 
p<0.001), low intake (<50 g) (OR=0.85; 95% CI: 0.72, 0.99; 
p<0.001), fish (OR=0.79; 95% CI: 0.65, 0.97; p<0.001), vegetarian 
diet (OR=0.7; 95% CI: 0.58, 0.84; p<0.001), and vegan diet 
(OR=0.6; 95% CI: 0.38, 0.96; p<0.001) 

      

Chong, 200916 AMD Cohort 
n=6,734, with 1,680 cases early 
AMD, and 77 cases of late AMD 
at follow up of 9 to 16 years 

40-69 Dietary FFQ ↑ risk of early AMD (drusen ≥63 μm) with red meat ≥ 10 
times/week (OR=1.47; 95% CI: 1.21,1.79; p<0.001), fresh meat 
≥6.5 times/week (OR=1.34; 95% CI: 1.10, 1.65; p=0.006), and 
processed meat ≥4 times/week (OR=1.13; 95% CI: 0.94, 1.37; 
p=0.040). 
↑ risk of early AMD (drusen ≥125 μm) with red meat ≥10 
times/week (OR=1.39; 95% CI: 1.09,1.78; p=0.019), fresh meat 
≥6.5 times/week (OR=1.31; 95% CI: 1.01, 1.69; p=0.044). ↑ risk of 
late AMD with chicken ≥3.5 times/week (OR=0.43; 95% CI: 0.20, 
0.91; p=0.007) 

      

Ersoy, 201415 AMD Case-control 
Cases=1,147 
Controls=1,773 

Mean age  
Cases=77.06 
Controls=69.55 

Dietary FFQ ↑ risk AMD with red meat intake daily (OR=2.34; 95% CI: 1.610, 
3.400; p<0.001) and 2-6x/week (OR=1.67; 95% CI: 1.296, 2.162; 
p<0.001) 

 
AMD: age-related macular degeneration; CAT: cataracts; CX: cortical cataracts; PSC: posterior subcapsularcataracts; NUC: nuclear cataracts; NTG: normal tension glaucoma; FFQ: food frequency questionnaire. 
 



576                                                                                                                       R Raman, E Vaghefi and AJ Braakhuis 

 

Table 3. Table identifying key characteristics, associations, and findings of vitamin C, A, and E, and ocular pathology, listed from beneficial to harmful effects, each disease type 
separated 
 

Author Ocular disease  
examined 

Study design and  
sample size 

Participant age 
(yrs.) Method of data collection Key findings 

Jacques, 199121 CAT: CX, PSC, both or 
either lens 

Case-control 
Cases= 7 
Controls=35 

40-89 Dietary FFQ, and plasma 
levels of vitamin C, E, and 
carotenoids 

Plasma level: (OR=11.3; p<0.10) PSC with ↓ plasma vitamin C.↑ 
risk CX and PSC cataract with ↓ dietary intake (OR=3.7;  p<0.1) 
(OR=11.0; p<0.05) respectively 

      

Robertson, 199125 CAT 
 

Case-control 
Cases=152 
Controls=152  

≥55 Interview regarding  
supplementation 

↓ risk CAT with vitamin C supplementation (OR=0.3; 95% CI: 
0.12, 0.75; p=0.01), and combined vitamin C and E supplementa-
tion (OR=0.32; 95% CI=0.11, 0.99; p=0.05) 

      

Theodoropoulou, 
201417 

CAT: CX, PSC, NUC Case-Control 
Cases= 14 
Controls=314 

45-85 Dietary FFQ ↓CAT risk with high dietary intake of vitamin C (OR=0.50; 95% 
CI: 0.39, 0.64; p<0.001) 

      

Leske, 199124 CAT: CX, PSC, NUC, 
Mixed 

Case-Control 
Cases=945 
Controls=435 

Median age 
Cases=65.9  
Controls=59.7 

Dietary FFQ ↓ risk NUC with high dietary intake of vitamin C (OR=0.48; 95% 
CI; 0.24, 0.99; p≤ 0.05) statistically non-significant ↓ risk with 
high dietary vitamin C intake for PSC (OR=0.73; 95% CI; 0.31, 
1.73), CX (OR=0.80; 95% CI; 0.50, 1.29), and mixed CAT 
(OR=0.72; 95% CI; 0.46, 1.12) 

      

Tan, 200826 CAT: CX, PSC, NUC Cohort 
n=2,464, with 389 cases 
developing cataracts upon 
follow up (5 or 10 y) 

≥49 Dietary FFQ ↓ CAT risk with highest  intake of vitamin C (supplements and 
diet) (OR=0.55; 95% CI: 0.36, 0.86; p=0.05), combined above 
median intake vitamin C, E, β-carotene, and zinc (OR=0.51;95% 
CI: 0.34, 0.76; p=0.0012) 

      

Jacques, 200127 CAT: NUC Cohort 
n=478 women, with 163 
developing nuclear opaci-
ties after 13-15y 

Ages 53-73 with 
a mean age of 61 

Dietary FFQ ↓ risk NUC with higher intake of vitamin C (OR=0.31; 95% CI: 
0.16, 0.58; p=0.003), and lower nuclear opacity prevalence with 
longest duration vitamin C supplements use of ≥10y (OR =0.36; 
95% CI: 0.18, 0.72; p=0.04). ↓ risk cataracts with highest plasma 
vitamin C concentration (OR=0.54; 95% CI: 0.28, 1.02; p=0.04) 

      

Hankinson, 199228 CAT Cohort 
n = 50,828 women 
493 develop cataracts after 
follow up of 8 years 

45-67 
 

Dietary FFQ 
 
 

↓ risk CAT with vitamin C supplementation ≥ 10 years, 
(OR=0.55; 95% CI: 0.32, 0.96; p= 0.1 for trend)  

      

Jacques, 199729 CAT: NUC, CX, PSC Cross-sectional  
n=247  

56-71 Dietary FFQ  ↓ risk CAT with vitamin C supplement use for ≥ 10 years at any 
lens site, for early (OR=0.23; 95% CI: 0.09, 0.60; p=0.02), and 
moderate (OR 0.17; 95% CI: 0.03, 0.85; p=0.03) grade opacities.  

      

Ravindran, 201130 CAT: PSC, CX, NUC Cross-sectional 
n=5,638 

≥60 Dietary FFQ,  
Plasma samples, and lifestyle 
assessment questionnaire 

↓ Overall risk of CAT with highest plasma vitamin C (OR=0.61; 
95% CI, 0.57, 0.82; p<0.0001). Also seen by type of CAT: NUC 
(OR= 0.66; 95% CI: 0.54, 0.80; p<0.0001), CX (OR=0.70; 95% 
CI: 0.54, 0.90; p<0.002), and PSC (OR= 0.58; 95% CI: 0.45, 
0.74; p<0.00003). ↓ risk CAT with highest dietary intake vitamin 
C (OR=0.78; 95% CI: 0.62, 0.98; p=0.006).  

 
AMD: age-related macular degeneration; CAT: cataracts; CX: cortical cataracts; PSC: posterior subcapsularcataracts; NUC: nuclear cataracts; GLA: glaucoma; NTG: normal tension glaucoma; FFQ: food frequency 
questionnaire. 
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Table 3. Table identifying key characteristics, associations, and findings of vitamin C, A, and E, and ocular pathology, listed from beneficial to harmful effects, each disease type 
separated (cont.) 
 

Author Ocular disease  
examined 

Study design and 
sample size 

Participant age (yrs.) Method of data collection Key findings 

Wang, 201351 GLA Cross-sectional 
n=2,912 

Mean age  
Cases=67.4 
Controls=56.5 

Dietary supplement  
questionnaire, serum  
measurements 

↓ risk GLA with highest intake of vitamin C supplements 
(OR =0.47; 95% CI: 0.23-0.97; p=0.227 for trend) 

      

Giaconi, 201248 GLA Cross-sectional 
n=662 

Mean age=75.3 Dietary FFQ ↓ risk GLAU with high dietary intake vitamin C 
(OR=0.30; 95% CI: 0.13, 0.7; p=0.018)  

      

Seddon, 199437 AMD Case-control 
356 cases, 350 controls 

Mean age  
Cases=71  
Controls=68 

Dietary FFQ Statistically non-significant↓ risk AMD with high dietary 
intake vitamin C (excluding supplements)(OR=0.83; 95% 
CI: 0.52, 1.33; p=0.31) 

      

van Leeuwen, 200538 AMD Cohort 
n=4,170, with 560 cases after 
mean follow up of 8 years 

Mean age of AMD  
cases=68.2, those  
without mean age=66.4 

Dietary FFQ ↓ risk AMD with above median intake of combined nutri-
ents of vitamin C, E, zinc, and β-carotene (OR=0.65; 95% 
CI: 0.46-0.92) 

      

Flood, 200240 AMD Cohort 
n=1,989, with 192 develop-
ing cataracts after follow up 
of 5 years 

Mean age cohort=64.2 Dietary FFQ ↑AMD risk with high dietary and supplement intake of 
vitamin C , (OR=2.3; p=0.002) 
 

      

Christen, 199941 AMD Cohort 
n=21,120, with 279 develop-
ing CAT after average follow 
up of 12.5 y 

40-84 Dietary FFQ ↑ AMD risk with vitamin c supplement use, (OR=1.03; 
95% CI: 0.71, 1.50) 
 

      

Theodoropoulou, 
201417 

CAT: CX, PSC, NUC Case-control 
314 Cases and 314 controls 

Between 45-85 Dietary FFQ ↓CAT risk with high dietary intake carotenoids, 
(OR=0.56; 95% CI: 0.45, 0.69; p<0.001) 

      

Jacques, 199121 CAT: CX, PSC, NUC, 
both or either lens 

Case-control 
Cases=77 
Controls=35 

Between 40-89 Plasma levels and dietary 
FFQ for of vitamin C, E, 
and carotenoids 

↑risk CX with low plasma carotenoids, (OR=7.2; p<0.05) 
 

      

Leske, 199124 CAT: CX, PSC, NUC, 
Mixed 

Case-Control 
Cases=945 
Controls=435 

Median age 
Cases=65.9  
Controls=59.7 

Dietary FFQ ↓risk with high vitamin A intake (OR=0.45; 95% CI: 
0.23, 0.66), (OR=0.60; 95% CI: 0.37, 0.96) for NUC and 
mixed CAT respectively. Statistically non-significant ↓ 
risk with high vitamin A intake (OR=0.86; 95% CI: 0.52, 
1.42) for CX cataracts. Statistically non-significant ↑ risk 
PSC with high vitamin A intake (OR=1.35; 95% CI: 0.59, 
3.08) 

   ��   

Hankinson, 199228 CAT Cohort 
n=50,828 women 
493 develop CAT after fol-
low up of 8 years 

45-67 
 

Dietary FFQ 
 
 

↓ risk CAT with high intake dietary carotenoids and vita-
min A (OR=0.61; 95% CI: 0.45, 0.81). Statistically non-
significant ↓ risk cataracts ≥ 10 years supplementation 
(OR=0.2; 95% CI: 0.03, 1.57; p=0.3) 

 
AMD: age-related macular degeneration; CAT: cataracts; CX: cortical cataracts; PSC: posterior subcapsularcataracts; NUC: nuclear cataracts; GLA: glaucoma; NTG: normal tension glaucoma; FFQ: food frequency 
questionnaire. 
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Table 3. Table identifying key characteristics, associations, and findings of vitamin C, A, and E, and ocular pathology, listed from beneficial to harmful effects, each disease type 
separated (cont.) 
 

Author Ocular disease  
examined 

Study design and 
sample size Participant age (yrs.) Method of data collection Key findings 

Ramdas, 201249 GLA Cohort 
n=3052, with 91 cases devel-
oping GLA after mean follow 
up of 9.7 y 

≥55 Dietary FFQ ↓ risk GLA with high intake dietary retinol (OR=0.45; 95% 
CI: 0.23, 0.9; p=0.023) 
 

      

Giaconi, 201248 GLA Cross-sectional 
n=662 

Mean age=75.3 Dietary FFQ ↓ risk GLA with high dietary intake vitamin A, (OR=0.37; 
95% CI:0.15, 0.90; p=0.011)  
 

      

Seddon, 199437 AMD Case-control 
Cases=356 
Controls=350 

Mean age 
Cases=71  
Controls=68 

Dietary FFQ ↓ risk AMD with high dietary intake carotenoids (OR=0.57; 
95% CI: 0.35, 0.92; p=0.02), and total vitamin A (including 
supplements) (OR=0.56; 95% CI: 0.35, 0.96; p=0.02) 

      

Vanden Langenberg, 
199835 

AMD Retrospective cohort 
n=1,586 
 

Ages 43-84 Dietary FFQ ↓ risk of large drusen with high past intakes of α-carotene 
(OR=0.52; 95% CI: 0.3, 1.0; p=0.02), high past and baseline 
intakes of Pro-A carotenoids (OR=0.53; 95% CI: 0.3, 1.0; 
p=0.03) (OR=0.45; 95% CI: 0.2, 1.0; p=0.03) respectively, 
and statistically non-significant ↓ risk with high past intake of 
β-carotene (OR=0.62; 95% CI: 0.3, 1.3; p=0.05). 
↓ risk pigment abnormalities with higher past intake of pro-A 
carotenoids (fourth quartile) (OR=0.24; 95% CI: 0.1, 0.8; 
p=0.69). 

      

van Leeuwen, 200538 AMD Cohort 
n=4,170, with 560 cases after 
mean follow up of 8 years 

Mean age cases with 
AMD=68.2, those 
without mean 
age=66.4 

Dietary FFQ ↓ risk AMD with above median intake of combined nutrients 
of vitamin C, E, zinc, and β-carotene (OR=0.65; 95% 
CI=0.46-0.92) 

      

Robertson, 199125 CAT 
 

Case-control 
Cases=152,  
Controls=152 

≥55 Interview regarding  
supplementation 

↓ risk CAT with vitamin E supplementation (OR=0.44; 95% 
CI: 0.24, 0.77; p=0.004), and combined vitamin C and E sup-
plementation (OR=0.32; 95% CI =0.11, 0.99; p=0.05) 

      

Theodoropoulou, 
201417 

CAT: CX, PSC, NUC Case-control 
Cases=314, 
Controls=314 

Between 45-85 Dietary FFQ ↓ risk CAT with high dietary intake vitamin E (OR=0.50; 
95% CI: 0.39, 0.64; p<0.001) 

      

Tavani, 199622 CAT Case-control 
Cases=207,  
Controls=706  

Median  age  
Cases=63  
Controls=62 

Dietary FFQ ↓ risk CAT with high dietary intake vitamin E (OR=0.5; 95% 
CI: 0.3, 1.0; p<0.05) 
 

      

Leske, 199124 CAT: CX, PSC, NUC, 
Mixed 

Case-control 
Cases=45 
Controls=435 

Median  age  
Cases=65.9  
Controls=59.7 

Dietary FFQ ↓ risk CX and mixed CAT with high intake vitamin E and 
tocopherol equivalents (OR=0.59; 95% CI: 0.35, 0.99; p≤ 
0.05) (OR=0.58; 95% CI: 0.37, 0.93; p≤0.05), respectively 
 

 
AMD: age-related macular degeneration; CAT: cataracts; CX: cortical cataracts; PSC: posterior subcapsularcataracts; NUC: nuclear cataracts; GLA: glaucoma; NTG: normal tension glaucoma; FFQ: food frequency 
questionnaire. 
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Table 3. Table identifying key characteristics, associations, and findings of vitamin C, A, and E, and ocular pathology, listed from beneficial to harmful effects, each disease type 
separated (cont.) 
 

Author Ocular disease  
examined 

Study design and 
sample size Participant age (yrs.) Method of data collection Key findings 

Tan, 200826 CAT: CX, PSC, NUC Cohort 
n=2,464, with 389 cases 
developing CAT upon follow 
up (5 or 10 y) 

≥49 Dietary FFQ ↓ risk NUC with an above median intake vitamin C, E, β-
carotene, and zinc (OR=0.51; 95% CI: 0.34, 0.76; p=0.0012) 

      

Jacques, 200127 CAT: NUC Cohort 
n=478 women, with 163 
developing nuclear opacities 
after 13-15 y 

Ages 53-73 with a 
mean age of 61 

Dietary FFQ ↓ risk NUC with high total intake vitamin E (food and sup-
plements), however statistically non-significant (OR=0.45; 
95% CI: 0.23, 0.86; p=0.06). Long term vitamin E intake ≥ 
10y associated with decrease risk nuclear opacities, prior to 
adjusting for vitamin C and multivitamin supplements  
(OR=0.49; 95% CI: 0.22, 1.09; p=0.03) 

      

Vanden Langenberg, 
199835 

AMD Retrospective cohort 
n=1,586 
 

Ages 43-84 Dietary FFQ ↓ risk AMD of large drusen with high past intakes of dietary 
vitamin E (excluding supplements) (OR=0.4; 95% CI: 0.2, 
0.9; p=0.04) 

      

van Leeuwen, 200538 AMD Cohort 
n=4,170, with 560 cases after 
mean follow up of 8 years 

Mean age cases with 
AMD=68.2, those 
without mean 
age=66.4 

Dietary FFQ ↓ risk AMD with high dietary intake vitamin E 
(OR per standard deviation increase=0.91; 95% CI: 0.83, 
0.98). ↓ risk AMD with above median intake of combined 
nutrients of vitamin C, E, zinc, and β-carotene (OR=0.65; 
95% CI=0.46-0.92) 

      

Christen, 199141 AMD Cohort 
n=21,120, with 279  
developing CAT after 
 average follow up of 12.5 y 

40-84 Dietary FFQ Use of vitamin E supplements had statistically non-significant 
↓ risk AMD (OR=0.87; 95% CI: 0.53, 1.43) 
 

 
AMD: age-related macular degeneration; CAT: cataracts; CX: cortical cataracts; PSC: posterior subcapsularcataracts; NUC: nuclear cataracts; GLA: glaucoma; NTG: normal tension glaucoma; FFQ: food frequency 
questionnaire. 
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nuclear and cortical origin, with the outcomes of changes 
to reduced GSH, vitamin E, MDA (oxidative stress bi-
omarker) and GSH peroxidase. Findings show increase in 
vitamin E of both lens homogenates, an increase in GSH 
peroxidase activity, and a decrease in the level of MDA 
with α-tocopherol use compared to placebo. Observed 
changes were to a larger degree in participants with corti-
cal CAT, and there were no changes to the level of re-
duced GSH in nuclear CAT, as observed in cortical 
CAT.31 Conversely, McNeil et al10 randomised vitamin E 
(500 IU) and placebo supplementation in a cohort of 
1,193 healthy participants, and found at a 4-year follow 
up no observed differences in the rate of cataract extrac-
tion and lens characteristics between the two groups. The-
se findings may be the result of over-reporting supple-
ment use and other factors unaccounted for. 

The impacts of dietary vitamin A, calcium and folate 
intake on the outcome of cataracts were investigated and 
presented conflicting findings. Higher intakes of folate 
and calcium were observed by Tavani et al22 to reduce the 
risk of CAT (OR 0.4 and 0.5 respectively). This same 
study did not identify any associations between retinol, 
methionine, β-carotene, vitamins A, D and E, and the 
outcome of CAT. Folate intake was not associated with 
CAT however in a separate study.14 Higher intakes of 
vitamin A appeared protective towards nuclear and mixed 
CAT (OR=0.45, OR=0.6, respectively) in research by 
Leske, Chylack Jr and Wu,24 but increased the risk of 
CAT in research by Theodoropoulou et al17 These con-
flicting findings however may be related to dietary 
sources of folate, calcium, and vitamin A as different 
components within food may attenuate the impact of oth-
er components on CAT. 

Overall the evaluation of literature indicates that higher 
dietary consumption of fruit and vegetables, and vitamin 
C (including supplementation) was associated with the 
most consistent risk reduction of CAT. Vitamin E dietary 
intake and supplementation was also consistent with risk 
reduction in majority of studies, however findings on vit-
amin E supplementation by McNeil presented no ob-
served differences in rate cataract extraction and lens 
characteristics between groups. Higher dietary intakes of 
meat conversely appear to increase the risk of CAT. We 
are still uncertain about the impact of higher dietary folate, 
calcium, and vitamin A intake on the outcome of CAT as 
findings present mixed results. In regards to vitamin A, 
findings by Theodoropoulou and colleagues17 identified a 
harmful association (OR=1.47) with higher intakes of 
retinol and a protective association with carotene 
(OR=0.56). However it may be possible that the harmful 
association identified with retinol may be related to die-
tary meat intake as retinol is the form of vitamin A found 
in animal products such as liver, kidneys, and eggs, and 
dietary meat intake was further identified in this study to 
increase the risk of CAT (OR=1.46). 

 
Age-related macular degeneration 
The role of oxidative stress (and drusen) in AMD 
There is evidence indicating a clear link between cumula-
tive oxidative stress and AMD development. Rabin, Rab-
in, Blenkinsop, Temple and Stern32 demonstrated that 
patients with AMD exhibit a greater amount of oxidative 

modifications to proteins and DNA in the Bruch’s mem-
brane, drusen, and RPE compared to age matched con-
trols. Human retinal pigment epithelium cells exposed to 
a regimen of reactive oxygen species showed an in-
creased concentration of drusen, which are associated 
with a poor AMD prognosis. Earlier studies suggest that 
the observed levels of these markers were associated with 
AMD and its risk factors.33,34 
 
The role of diet in AMD 
As with cataracts, dietary intake of certain food groups 
may influence the outcome and/or progression of AMD 
due to the role of oxidative stress. The impact of fruit and 
vegetables, meat intake, and micronutrient intake has 
been investigated in earlier research. 

Participants with a diet higher in fruit and vegetable 
may have a lower risk of AMD, however findings are not 
as clear as cataracts.25,35-37 For example findings presented 
by Vanden Langenberg et al35 indicate participants with 
the highest past intake of fruits and vegetables had re-
duced risk of large drusen (OR=0.47), and participants 
with the highest baseline intake of fruit and vegetables 
had reduced risk of large drusen (OR=0.77). However 
both findings were not statistically significant.  

The impacts of different food items and groups on 
AMD were identified in two studies. In one study partici-
pants of a prospective cohort who consumed greater than 
or equal to 3 servings of fruit per day had a reduced risk 
of AMD (OR=0.64).36 In the other study participants con-
suming spinach or collard greens more frequently per 
week had a reduced risk of AMD (OR=0.12)37 (See Table 
1). 

Frequent consumption of meat has been observed to in-
crease the risk of AMD. Red meat consumption of greater 
than or equal to 10 times per week increased the risk of 
early AMD of both smaller and larger drusen types 
(OR=1.47 for drusen ≥63 μm and OR=1.39 for drusen 
≥125 μm), with similar findings were present for frequent 
fresh meat consumption weekly.16 In a separate case-
control study participants consuming red meat daily, and 
two to six times per week had increased risk of AMD 
(OR=2.43 and OR=1.67, respectively).15 

The relationship between dietary antioxidant intake and 
the risk of AMD is uncertain. 

Nine studies were reviewed to examine relationship be-
tween intake of antioxidants and the outcome of AMD. 
Four studies exhibited an inverse association with antiox-
idant intake, while five were unable to establish an asso-
ciation. A further three studies examined the relationship 
between plasma antioxidant status with AMD. Two de-
termined an inverse association of risk with a higher 
plasma antioxidant status, while one was unable to estab-
lish a clear association (See Table 3).  

Two of the studies that exhibited an inverse association 
followed a cohort design. Findings between them had 
certain similarities as both Vanden Langenberg et al35 and 
van Leeuwen et al38 determined that a high intake of vit-
amin E had an inverse association with AMD. The in-
verse association with vitamin E in the study by Vanden 
Langenberg et al35 however were only found among par-
ticipants with a higher past intake (approximately 10 
years ago) that was measured at baseline, and was strong-
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er among men (OR for men=0.31; 95 % CI, 0.1-0.9) (OR 
for women=0.86; 95% CI, 0.4-2.1).  Furthermore Vanden 
Langenberg et al35 determined that a high intake of com-
bined pro-vitamin A carotenoids was inversely associated 
with large drusen at baseline and 5 year follow up, and no 
significant associations were identified between lycopene, 
lutein and zeaxanthin and vitamin C with AMD. A con-
trasting find by van Leeuwen et al38 was that a high intake 
of zinc showed an inverse association with AMD 
(OR=0.91), which was not shown by Vanden Langenberg 
et al.35 (See Table 2). van Leeuwen et al38 also identified 
that a median intake of β-carotene, vitamins C and E, and 
zinc were associated with a 35% reduction in risk of 
AMD.  

The case-control study by Seddon et al37 exhibited an 
inverse association between dietary antioxidant intake 
and advanced age-related macular degeneration (ad-
vanced AMD), however the findings were inconsistent 
with the cohort studies mentioned prior. Statistically sig-
nificant associations were unable to be identified between 
advanced AMD the intakes of vitamins E, C and pre-
formed vitamin A.37 Carotenoid intake however was in-
versely associated with advanced AMD as participants 
with the highest quintile of intake showed a 43% reduced 
risk compared to the lowest quintile (OR=0.57). Of the 
carotenoids, lutein and zeaxanthin were most strongly 
associated (p=0.001),37 which was not consistent findings 
by Vanden Langenberg et al35 and van Leeuwen et al.38 
Finally Bibiloni Mdel et al39 used a cross-sectional ap-
proach and compared antioxidant intake among partici-
pants with AMD, with their recommended dietary intake 
(RDI) values specified for the Spanish population. Find-
ings indicate that less than two thirds met the RDI for 
antioxidant intake, with approximately 60% of all partici-
pants showing a serious deficiency in lutein and zeaxan-
thin intake. However the findings by Bibiloni Mdel et al39 
are from a small sample of 52 participants and therefore 
only an estimation of antioxidant intake can be consid-
ered. Literature presented in Table 3 suggests that while 
the dietary data on vitamin C is unclear with a trend to 
decreasing disease risk, supplemental vitamin-C appears 
to increase AMD risk. 

Five studies were unable to establish an association be-
tween the dietary intake and supplementation of antioxi-
dants and the primary outcome of AMD. All five studies 
featured a cohort design but varied in whether they as-
sessed antioxidants as an entire group or specific antioxi-
dants such as lutein and zeaxanthin, or zinc (a cofactor for 
antioxidant processes). Dietary intake of antioxidants did 
not appear to be associated with AMD in research by Cho 
et al36 and Flood et al40. Although authors did not identify 
significant association with antioxidant intake, Cho et al36 
established an inverse association between ≥3 serves of 
fruit per day (compared to ≤1.5 serves of fruit per day) 
and AMD with a pooled multivariate risk of 0.64. Chris-
ten et al41 assessed antioxidant supplementing on a sam-
ple from the physicians health study, involving a 12.5 
year median follow up and identified that participants 
supplementing with vitamin E a 13% reduced risk 
(OR=0.87) of developing AMD, and participants taking a 
multivitamin supplement had a 10% reduced risk 
(OR=0.9) of developing AMD.36 Both findings however 

were not statistical significant.41 Cho et al assessed lutein 
and zeaxanthin, 42 and zinc43 intake on AMD with incon-
clusive findings.  

Dietary or supplementary intake of calcium however 
may modulate the risk of AMD. Findings by Gopinath et 
al44 indicate lower dietary intake of dairy and calcium 
intake was independently associated with increased risk 
of late AMD over the observed 15-year period assessed. 
Supplemental intake of calcium however of greater than 
800 mg/d is associated with greater odds of AMD com-
pared to participants’ not self-reporting supplementary 
calcium consumption (OR=1.85).45 

Overall the evaluation of literature provides little evi-
dence that dietary intake of fruit and vegetables, and die-
tary antioxidants impact the risk of AMD (See Table 1). 
The dietary intake of meat in contrast appears to increase 
the risk of AMD when consumed in greater frequency. Of 
the antioxidants examined vitamin E and carotenoids 
(precursors of vitamin A found primarily in fruits and 
vegetables) may influence the risk of AMD. Calcium in-
take either dietary or supplementary may modulate the 
risk of AMD. Further research in the area of dietary in-
take on age-related macular degeneration is required be-
fore making any definitive conclusion. 
 
Glaucoma 
Oxidative stress and pathophysiology of glaucoma 
Oxidative stress may have role in the pathogenesis of 
GLA, through degradation of the trabecular network, or 
direct damage to the retinol ganglion cells.46 Degradation 
of the trabecular meshwork results in increased intraocu-
lar pressure due to a build-up of aqueous humour. Analy-
sis of the trabecular meshwork from the eyes of calves 
treated with the reactive oxygen species hydrogen perox-
ide (H2O2) show evidence of altered aqueous humour 
drainage.47 Human cells treated in vitro with H2O2 show 
altered adhesion and cellular integrity.48 Human in vivo 
research provides convincing evidence of greater oxida-
tive damage among glaucomatous individuals. Addition-
ally increases in visual-field damage and intracranial 
pressure (IOP) have been attributed to greater extents of 
trabecular meshwork (TM) cell oxidative damage.49  

Although oxidative stress has been recognized as an 
etiopathogenic factor for primary open-angle glaucoma 
(POAG) through its ability to alter components of the TM, 
biological systems carry antioxidant defence mechanisms 
against free radicals. In the eye the major antioxidants 
that have a protective role are ascorbic acid, reduced glu-
tathione (GSH), and superoxide dismutase-catalase.50-52 
Ascorbic acid is found in high concentrations in various 
areas that include: the cornea, central corneal epithelium, 
lachrymal film, vitreous humour and aqueous humour.53 
GSH is a tripeptide comprised of three amino acids (L-
cysteine, glyceine and glutamic acid) found in the aque-
ous humour and TM, and has a role in protecting against 
damage from low concentrations of H202. In contrast, the 
superoxide dismutase-catalase system has a role in pro-
tection from high concentrations of H2O2.50,52 Under nor-
mal physiological conditions reactive oxygen species 
such as H2O2 are neutralised by antioxidant systems be-
fore they impact outflow pathways, however this equilib-
rium may shift over time with age allowing for the accu-
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mulation of oxidative stress within the TM.47 This was a 
finding noted by Alvardo, Murphy, Polansky and Juster46 
demonstrating a linear reduction in TM cells correlating 
with age. This equated to a loss of approximately 0.58% 
of total TM cells per year. Furthermore in a separate 
study by De La Paz and Epstein,54 TM samples from ca-
davers display an age-related decline of superoxide dis-
mutase believed to be the result of a progressive increase 
in oxidative stress. 
 
The role of diet in glaucoma 
Coleman et al55 presents mixed findings with a decreased 
risk of glaucoma with greater than or equal to three serv-
ings of fruit and fruit juices per day (OR=0.98), but an 
increased risk of glaucoma with greater than or equal to 3 
servings per day of all vegetables (OR=1.44). Both find-
ings however are not statistically significant. Giaconi et 
al56 also suggest a decreased risk of glaucoma with great-
er than or equal to three serving of fruit and fruit juices 
per day (OR=0.21), which is statistically significant. In 
contrast findings further suggest a statistically non-
significant decrease in risk of Glaucoma with greater than 
or equal to three servings of vegetables per day (OR=0.97) 
(See Table 1). 

Seven studies were evaluated regarding dietary intake 
or supplement of antioxidants on the outcome of glauco-
ma. Four studies showed a reduction in risk with a higher 
quintile of intake, while three showed no statistically sig-
nificant effect regardless of intake (See Table 3). 

Coleman et al55 conducted a cross sectional cohort 
study on 1155 women and reported a 50% risk reduction 
of POAG [OR=0.5; 95% CI, 0.24 to 1.03; p=0.61] in 
those with a daily intake of at least 1400 retinol equiva-
lents (RE) of vitamin A, compared to those consuming 
less than 800 RE daily. Furthermore women who con-
sumed at least 2 mg vitamin B-2 (riboflavin) from natural 
food sources had a 61% risk reduction of POAG (OR 
0.39; 95% CI, 0.17 to 0.86; p=0.019) compared with 
those consuming less than 1 mg.55 The dietary intake of 
fruit and vegetables was analysed for a subgroup of Afri-
can American women of this cohort as various associa-
tions in the prior study appeared stronger among this eth-
nic group, but the sample size was small (n=144).56 The 
entire cohort of African American women (n=662) 
showed a 63% risk reduction (OR=0.37; 95% CI, 0.15 to 
0.9, p=0.11) among the group with the highest quintile of 
intake for vitamin A, compared to the lowest quintile of 
intake.56 Although higher consumption of vitamin B2 
showed a risk reduction of 25% (OR=0.75; 95% CI, 0.35-
1.62) among the highest quintile of intake, the impact was 
non-significant. Furthermore in both studies there was no 
statistical significant association between dietary intake 
of β-carotene, folate, lutein and zeaxanthin, vitamins B-1, 
B-3, B-6, D, E, K and lycopene, and the outcome of 
GLA.56 A high intake of vitamin C however was identi-
fied in this population to be associated with a 70% POAG 
risk reduction (OR=0.3), which was not present in the 
total population.56 

The Rotterdam population-based cohort study followed 
3,502 participants and examined their dietary intake with 
a mean follow-up time of 9.7 years.57 Findings illustrated 
similar results to Coleman et al,55 with a 55% risk reduc-

tion (OR=0.45; 95% CI, 0.23-0.9) among those with the 
highest consumption of vitamin A (expressed as retinol 
equivalents). However Ramdas et al57 also identified a 
50% risk reduction (OR=0.5; 95% CI, 0.24-0.98) among 
those with the highest tertile of intake for vitamin B-1, 
compared to the lowest tertile of intake.  

In mice, that the cohorts exposed to α-lipoic acid (ALA) 
from birth or at 6 months expressed a greater proportion 
of antioxidant genes and proteins, showed less damage to 
retinal ganglion cells and increased retrograde transport in 
comparison to controls. Both mice models further pre-
sented with lower levels of lipid peroxidation, protein 
nitrosylation and DNA oxidation in the retina compared 
to controls.58  

In contrasting results in humans, Garcia-Medina et al12 

and Wang et al59 investigated the impact of antioxidant 
supplementation on participants diagnosed with GLA. 
Garcia-Medina et al12 conducted a randomised control 
trial with two oral antioxidant supplements (OAS) vary-
ing only in omega-3 content and a control supplement, 
and followed a cohort of 117 participants with POAG 
over a period of two years. Participants in the trial 
showed no differences in visual global indices, peripapil-
lary retinal nerve fibre layer (RNFL) thickness and macu-
lar ganglion cell complex (GCC), between the groups 
with OAS and the control group. Wang, Singh and Lin59 
conducted a cross sectional design examining the associa-
tion between GLA prevalence and supplemental as well 
as serum levels of vitamins A, C and E. Findings from 
this study illustrated no association between supplemen-
tary or serum levels of vitamins A and E with GLA 
prevalence, however both high and low dose supplemen-
tary vitamin C consumption was associated with de-
creased odds (OR=0.47; 95% CI 0.23-0.97) of GLA prev-
alence. There was no significant association with serum 
levels of vitamin C and GLA prevalence.  

Meanwhile Kang et al11 implemented a prospective co-
hort design to examine the relationship between dietary 
antioxidant intake and the primary outcome of GLA. This 
study followed the Nurses Health Study (n=76,200) and 
Health Professionals Follow-up Study (n=40,284) bienni-
ally from 1980 and 1986 respectively to 1996, and was 
unable to establish any strong associations between anti-
oxidant consumption and the risk of POAG.  

The dietary and supplemental intake of calcium and 
iron appear to modulate the risk of glaucoma. Findings by 
Wang, Singh and Lin60 indicate that participants with the 
highest dietary intake of calcium and iron have the lowest 
adjusted odds ratio of glaucoma (OR=0.39 and OR=0.30, 
respectively). However consumption of iron and calcium 
including supplementation increased the risk of glaucoma. 
Adjusted odds ratio for glaucoma were significantly high-
er at the third and fourth quintiles for total calcium 
(OR=1.58 and OR=1.21 respectively), and at the fourth 
and fifth quintiles for total iron (OR=2.95 and OR=1.58, 
respectively). The finding of increased risk of glaucoma 
with high supplemental intake of calcium and iron was 
observed in another study where participants consuming 
≥800 mg/d of supplemental calcium or ≥18 mg/d of sup-
plemental iron had significantly higher risk after adjusting 
for confounders (OR=2.44 and OR=3.80, respectively).61 

Overall, a higher dietary consumption of vitamins A 
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and C was associated with the most consistent risk reduc-
tion of GLA. Dietary sources vitamin E appears to have 
no significant association based on the literature evaluat-
ed. Dietary intake of calcium and iron may reduce the risk 
of glaucoma, however supplemental intake of both mi-
cronutrients elevates the risk of glaucoma. Further re-
search on the effect of vitamins A and C on the risk of 
disease and disease progression is warranted. 
 
Conclusions 
There is probable evidence for a protective effect of fruits 
and vegetables, vitamins C and E on CAT and AMD, 
however AMD risk increases with higher intakes of sup-
plemental vitamin C. Higher intakes of meat also increase 
the risk of CAT and AMD. Dietary intake of vitamin A 
and its derivatives appear protective against CAT, but not 
in supplemental form. Vitamin A in both diet and sup-
plement form appears to be protective against AMD. Due 
to the low number of published studies, the evidence re-
garding the prevention of GLA through higher consump-
tion of antioxidant supplements and/or vegetables and 
fruit is unclear, with more research warranted. A higher 
intake of fruit and vegetables is protective against AMD, 
but otherwise unclear. There is limited evidence that die-
tary iron and calcium are protective against GLA. Based 
on the literature to date, it would be safe to advise pa-
tients with a family history of oxidative stress related ocu-
lar disease to consume a diet high in particularly those 
rich in vitamins C and E. These is some evidence that 
high intakes of supplemental forms of antioxidants are 
damaging and we would recommend further investigation 
into appropriate dose, form and timing of antioxidant 
consumption. 
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