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Epidemiologic evidence of a role for the antioxidant vitamins and carotenoids in cataract prevention. 
Am J Clin Nutr 1991 Jan; 53(1 Suppl): 352S-355S.  
Jacques PF, Chylack LT Jr. 
 
The relationship between antioxidant nutrient status and senile cataract was examined in 77 subjects with 
cataracts and 35 control subjects with clear lenses. Subjects with low (below the 20th percentile) and 
moderate (20th-80th percentiles) plasma nutrient and nutrient intake levels of vitamin C, vitamin E, and 
carotenoids were compared with subjects with high levels (above the 80th percentile). The odds ratio (OR) of 
cortical (CX) cataract among subjects with low plasma carotenoid levels was 7.2 (P less than 0.05) and the OR 
of posterior subcapsular (PSC) cataract for persons with low plasma vitamin C was 11.3 (P less than 0.10). Low 
vitamin C intake was associated with an increased risk of CX (OR = 3.7, P less than 0.10) and PSC (OR = 11.0, P 
less than 0.05) cataract. Subjects who consumed fewer than 3.5 servings of fruit or vegetables per day had an 
increased risk of both CX (OR = 5.0, P less than 0.05) and PSC cataract (OR = 12.9, P less than 0.01). 
 
 
Dietary carotenoids, vitamins A, C, and E, and advanced age-related macular degeneration. Eye Disease 
Case-Control Study Group. 
JAMA 1994 Nov 9; 272(18): 1413-20.  
Seddon JM, Ajani UA, Sperduto RD, Hiller R, Blair N, Burton TC, Farber MD, Gragoudas ES, Haller J, Miller DT, 
et al. 
 
OBJECTIVE--To evaluate the relationships between dietary intake of carotenoids and vitamins A, C, and E and 
the risk of neovascular age-related macular degeneration (AMD), the leading cause of irreversible blindness 
among adults. DESIGN--The multicenter Eye Disease Case-Control Study. SETTING—Five ophthalmology 
centers in the United States. PATIENTS--A total of 356 case subjects who were diagnosed with the advanced 
stage of AMD within 1 year prior to their enrollment, aged 55 to 80 years, and residing near a participating 
clinical center. The 520 control subjects were from the same geographic areas as case subjects, had other 
ocular diseases, and were frequency-matched to cases according to age and sex. MAIN OUTCOME MEASURES--
The relative risk for AMD was estimated according to dietary indicators of antioxidant status, controlling for 
smoking and other risk factors, by using multiple logistic-regression analyses. RESULTS--A higher dietary intake 
of carotenoids was associated with a lower risk for AMD. Adjusting for other risk factors for AMD, we found 
that those in the highest quintile of carotenoid intake had a 43% lower risk for AMD compared with those in 
the lowest quintile (odds ratio, 0.57; 95% confidence interval, 0.35 to 0.92; P for trend = .02). Among the 
specific carotenoids, lutein and zeaxanthin, which are primarily obtained from dark green, leafy vegetables, 
were most strongly associated with a reduced risk for AMD (P for trend = .001). Several food items rich in 
carotenoids were inversely associated with AMD. In particular, a higher frequency of intake of spinach or 
collard greens was associated with a substantially lower risk for AMD (P for trend < .001). The intake of 
preformed vitamin A (retinol) was not appreciably related to AMD. Neither vitamin E nor total vitamin C 
consumption was associated with a statistically significant reduced risk for AMD, although a possibly lower risk 
for AMD was suggested among those with higher intake of vitamin C, particularly from foods. CONCLUSION--
Increasing the consumption of foods rich in certain carotenoids, in particular dark green, leafy vegetables, may 
decrease the risk of developing advanced or exudative AMD, the most visually disabling form of macular 
degeneration among older people. These findings support the need for further studies of this relationship. 
 
 
Relation among serum and tissue concentrations of lutein and zeaxanthin and macular pigment density. 
Am J Clin Nutr 2000 Jun; 71(6): 1555-62.  
Johnson EJ, Hammond BR, Yeum KJ, Qin J, Wang XD, Castaneda C, Snodderly DM, Russell RM. 
 



BACKGROUND: Lutein and zeaxanthin are the only carotenoids in the macular region of the retina (referred to 
as macular pigment [MP]). Foods that are rich in lutein and zeaxanthin can increase MP density. Response to 
dietary lutein and zeaxanthin in other tissues has not been studied. OBJECTIVE: The objective of this study was 
to examine tissue responses to dietary lutein and zeaxanthin and relations among tissues in lutein and 
zeaxanthin concentrations. DESIGN: Seven subjects consumed spinach and corn, which contain lutein and 
zeaxanthin, with their daily diets for 15 wk. At 0, 4, 8, and 15 wk and 2 mo after the study, serum, buccal 
mucosa cells, and adipose tissue were analyzed for carotenoids, and MP density was measured. RESULTS: 
Serum and buccal cell concentrations of lutein increased significantly from baseline during dietary 
modification. Serum zeaxanthin concentrations were greater than at baseline only at 4 wk, whereasbuccal cell 
and adipose tissue concentrations of zeaxanthin did not change. Adipose tissue lutein concentrations peaked 
at 8 wk. Changes in adipose tissue lutein concentration were inversely related to the changes in MP density, 
suggesting an interaction between adipose tissue and retina in lutein metabolism. To investigate the possibility 
of tissue interactions, we examinedcross-sectional relations among serum, tissue, and dietary lutein 
concentrations, anthropometric measures, and MP density in healthy adults. 
Significant negative correlations were found between adipose tissue lutein concentrations and MP for women, 
but a significant positive relation was found for men. CONCLUSION: Sex differences in lutein metabolism may 
be an important factor in tissue interactions and in determining MP density. 
 
 
Nutrient intake and cataract extraction in women: a prospective study. 
BMJ 1992 Aug 8; 305(6849): 335-9.  
Hankinson SE, Stampfer MJ, Seddon JM, Colditz GA, Rosner B, Speizer FE, WillettWC. 
 
OBJECTIVE--To examine prospectively the association between dietary intake of vitamins C, and E, carotene, 
and riboflavin and cataract extraction in women.  
DESIGN--Prospective cohort study beginning in 1980 with eight years of follow up. SETTING--11 states of the 
United States. PARTICIPANTS--Female registered nurses who were 45 to 67 years of age. 50,828 women were 
included in 1980 and others were added as they became 45 years of age. 
MAIN OUTCOME MEASURE--Incidence of extraction of senile cataracts. 
RESULTS--493 cataracts were extracted during 470,302 person years of follow up. Intake of carotene and 
vitamin A was inversely associated with cataract: in multivariate analyses, women in the highest fifth of total 
vitamin A intake (excluding supplements) had a 39% lower risk of cataract relative to women in the lowest fifth 
(relative risk 0.61; 95% confidence interval 0.45 to 0.81). Neither riboflavin nor dietary vitamins E or C were 
associated with cataract in a multivariate analysis. Among specific food items spinach (rather than carrots, the 
greatest source of betacarotene) was most consistently associated with a lower relative risk. The risk of 
cataract was 45% lower among women who used vitamin C supplements for 10 or more years(relative risk 0.55 
(0.32 to 0.96)), but no association was noted for multivitamin intake. CONCLUSION--Dietary carotenoids, 
although not necessarily beta carotene, and long term vitamin C supplementation may decrease the risk of 
cataracts severe enough to require extraction. 
 
 
The potential preventive effects of vitamins for cataract and age-related macular degeneration. 
Int J Vitam Nutr Res 1999 May; 69(3): 198-205.  
Jacques PF. 
 
Age-related cataract and age-related macular degeneration (AMD) are important public health problems. 
Approximately 50% of the 30 to 50 million cases of blindness worldwide result from unoperated cataract. In 
the US and other developed countries AMD is the leading cause of blindness, but age-related cataract remains 
the leading cause of visual disability. Age-related cataract and AMD represent an enormous economic burden. 
In the United States more than 1.3 million cataract extractions are performed annually at a cost of 
approximately $3.5 billion. Much of the experimental research on the etiology of cataract and AMD has 
focused on the role of nutritional antioxidants (vitamin C, vitamin E, and carotenoids). Evidence from 
epidemiologic studies support a role for nutritional antioxidants in delaying the onset of these age-related 



vision disorders. Although it is not yet possible to conclude that antioxidant nutrients have a role in prevention 
of cataract or AMD, a summary of the epidemiologic evidence suggests that it is prudent to consume diets high 
in vitamins C and E and carotenoids, particularly the xanthophylls, as insurance against the development of 
cataract and AMD. 
 
 
Diet and nuclear lens opacities. 
Am J Epidemiol 1995 Feb 15; 141(4): 322-34.  
Mares-Perlman JA, Brady WE, Klein BE, Klein R, Haus GJ, Palta M, Ritter LL, Shoff SM. 
 
Relations between diet and nuclear opacities in the lens of the eye were investigated in a population-based 
cohort of middle-aged and older adults who lived in Beaver Dam, Wisconsin. Nuclear sclerosis was assessed 
from photographs of the lens taken during 1988-1990 in 1,919 persons in the Beaver Dam Eye Study. Diets in 
the past (1978-1980) were assessed retrospectively with the use of a food frequency questionnaire in home 
interviews. Relations with intake of foods and nutrients were evaluated using logistic regression analyses. In 
men, after controlling for age, smoking, and heavy drinking, intakes of numerous nutrients in the highest 
versus lowest quintile were associated with 40-50 percent reduced odds of more severe nuclear sclerosis. 
Relations with some nutrients (vitamins A, C, and E, riboflavin, thiamin, niacin) were at least partly explained 
by previously identified inverse associations with multivitamin use. Relations with other nutrients (folate, 
alpha-carotene, and dietary fiber) appeared to reflect associations with intake of foods, particularly 
vegetables. Inverse associations with individual nutrients and foods were often weaker or nonexistent in 
women. These data indicate that the intake of vitamin supplements (in men and women) and certain foods 
(particularly in men) may explain associations of several nutrients with risk for nuclear sclerosis. 
 
 
Do hydroxy-carotenoids prevent coronary heart disease? A comparison betweenBelfast and Toulouse. 
Int J Vitam Nutr Res 1996; 66(2): 113-8.  
Howard AN, Williams NR, Palmer CR, Cambou JP, Evans AE, Foote JW, Marques-Vidal P, McCrum EE, 
Ruidavets JB, Nigdikar SV, Rajput-Williams J, Thurnham DI. 
 
High intakes of antioxidants in fruit, vegetables and wine are thought to protect against coronary heart disease 
(CHD). Because people in Toulouse have a much lower incidence of CHD compared with Belfast, the plasma 
concentrations of antioxidant vitamins and carotenoids in the two populations have been compared. The 
major difference was in some of the plasma carotenoids. Hydroxy-carotenoids were twice as high in Toulouse 
in both sexes, notably lutein which occurs principally in dark green vegetables and beta-cryptoxanthin which 
occurs chiefly in citrus fruits. In addition, alpha-carotene was 50% higher in Toulouse, gamma-tocopherol was 
50% higher in Belfast. Other plasma vitamins and carotenoids were not significantly different. If antioxidants 
play a role in preventing CHD, then the hydroxy-carotenoids are major candidates for further investigation. 
 
 
Increasing vegetable and fruit intake: randomized intervention and monitoring in an at-risk population. 
Cancer Epidemiol Biomarkers Prev  2000 Mar;9(3):307-17  
Smith-Warner SA, Elmer PJ, Tharp TM, Fosdick L, Randall B, Gross M, Wood J, Potter JD. 
 
High vegetable and fruit (V&F) consumption has been associated with a lower risk of several cancers. However, 
little is known about the ability of individuals to increase their intakes markedly. In this 1-year randomized, 
controlled diet intervention study of men and women with a recent history of adenomas, the intervention 
group (n = 100) was asked to increase V&F intake to at least eight servings per day; the control group (n = 101) 
continued eating their usual diet. End-point measures included V&F intake assessed by 3-day diet records, 
plasma carotenoids, serum lipids, urinary sodium and potassium, and body weight. The intervention group 
increased their daily V&F intake an average of 5.5 servings over 1 year; the control group had an average 
decrease of 0.5 servings per day (P < 0.001). Plasma total carotenoids, alpha-carotene, beta-carotene, beta-
cryptoxanthin, and lutein/zeaxanthin were each statistically significantly elevated over baseline (11-54%) in the 



intervention group compared with the control group over the duration of follow-up (P < 0.001). Urinary 
potassium excretion was elevated 14% over baseline in the intervention group compared with no change in 
the control group (P < 0.001). Modest decreases in the intervention but not the control group were observed 
for total and low-density lipoprotein cholesterol. Plasma lycopene, triglycerides, high-density lipoprotein 
cholesterol, body weight, and urinary sodium were not affected by the intervention. V&F intake was 
significantly increased in this motivated population at higher risk of colon cancer and maintained for at least 12 
months, as assessed using diet records and an ensemble of biomarkers. 
 
 
Carotenoids and colon cancer. 
Am J Clin Nutr 2000 Feb; 71(2): 575-82.  
Slattery ML, Benson J, Curtin K, Ma KN, Schaeffer D, Potter JD. 
 
BACKGROUND: Carotenoids have numerous biological properties that may underpin a role for them as 
chemopreventive agents. However, except for beta-carotene, little is known about how dietary carotenoids 
are associated with common cancers, including colon cancer. OBJECTIVE: The objective of this study was to 
evaluate associations between dietary alpha-carotene, beta-carotene, lycopene, lutein, zeaxanthin, and beta-
cryptoxanthin and the risk of colon cancer. DESIGN: Data were collected from 1993 case subjects with first 
primary incident adenocarcinoma of the colon and from 2410 population-based control subjects. Dietary data 
were collected from a detailed diet-history questionnaire and nutrient values for dietary carotenoids were 
obtained from the US Department of Agriculture-Nutrition Coordinating Center carotenoid database (1998 
updated version). RESULTS: Lutein was inversely associated with colon cancer in both men and women [odds 
ratio (OR) for upper quintile of intake relative to lowest quintile of intake: 0.83; 95% CI: 0.66, 1.04; P = 0.04 for 
linear trend]. The greatest inverse association was observed among subjects in whom colon cancer was 
diagnosed when they were young (OR: 0.66; 95% CI: 0.48, 0.92; P = 0.02 for linear trend) and among those 
with tumors located in the proximal segment of the colon (OR: 0.65; 95% CI: 0.51, 0.91; P < 0.01 for linear 
trend). The associations with other carotenoids were unremarkable. CONCLUSION: The major dietary sources 
of lutein in subjects with colon cancer and in control subjects were spinach, broccoli, lettuce, tomatoes, 
oranges and orange juice, carrots, celery, and greens. These data suggest that incorporating these foods into 
the diet may help reduce the risk of developing colon cancer. 
 
 
 
 
 
 


