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Summary There is ample reason to believe that diets rich in phytochemicals provide protection from vascular
diseases and many cancers; direct antioxidant activity as well as modulation of enzyme expression or hormone
activity contribute to this effect. Phytochemicals derived from diverse foods presumably can interact additively
and (possibly) synergistically; thus, the total dietary load of phytochemicals may have important implications for
health. As a means of very roughly quantifying this load, a “phytochemical index” (Pl) is proposed, defined as the
percent of dietary calories derived from foods rich in phytochemicals. Calories derived from fruits, vegetables
(excluding potatoes), legumes, whole grains, nuts, seeds, fruit/vegetable juices, soy products, wine, beer, and
cider — and foods compounded therefrom — would be counted in this index. Partial credit could be given for
antioxidant-rich extra virgin olive oil. Other added oils, refined sugars, refined grains, potato products, hard
liquors, and animal products — regrettably, the chief sources of calories in typical Western diets — would be
excluded. Although the PI would provide only a very rough approximation of the quantity or quality of
phytochemical nutrition, it nonetheless could aid epidemiologists in exploring the health consequences of diets high
in phytochemical-rich plant foods, and could also help clinical nutritionists in their efforts to improve the
phytochemical nutrition of their clients.

© 2004 Elsevier Ltd. Al rights reserved.

Health protection conferred by role: flax lignans, as well as isoflavone-rich soy
phytochemical-rich foods protein, have recently been reported to down-
regulate hepatic IGF-I production in rats [5,6], ly-
copene can interfere with IGF-I signaling in vitro
[7,8], and the possible impact of dietary phytoes-
trogens on estrogen function continues to spark
controversy [9—11].

In prospective cohort studies, as well as case-
control and a few ecologic studies, reduced risk for
coronary disease and for ischemic stroke has been
linked to relatively high intakes of fruits and veg-
etables [12—23], legumes [24—27], nuts [28—33],
and whole grains [34—41]. Among whole plant
foods commonly consumed, only potatoes — a poor
source of phytochemicals notable for a very high
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There is a broad and growing consensus that many
phytochemicals found in whole plant foods can
provide versatile health protection; in particular,
these compounds are believed to help preserve
vascular health and diminish cancer risk. Direct
antioxidant activity, as well as modulation of de-
toxifying enzyme expression or activity (e.g. up-
regulation of phase Il and/or inhibition of certain
phase | enzymes) may mediate much of this bene-
fit, although other mechanisms are likely involved
[1—4]. Modulation of hormone activities may play a
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vascular risk [42—48]. In many of the cited studies,
statistical corrections for animal product or satu-
rated fat intake have been included in the analy-
ses; thus, the observed protection is not merely a
trivial function of the fact that whole plant foods
have displaced fatty animal products in the diet. It
is evident that whole plant foods promote vascular
health in ways that are independent of phyto-
chemical content — such foods tend to be low in
saturated fat, and are often good sources of po-
tassium, vitamins, minerals, soluble fiber, and
plant protein — but there is reason to believe that
these factors are not wholly responsible for the
observed protection. Promotion of healthful vas-
cular endothelial function via antioxidant activity
may mediate much of the vascular protection as-
sociated with phytochemical-rich diets [4,49,50].

High intakes of fruits and vegetables have also
been linked to reduced cancer risk in many epide-
miological studies, as summarized in pertinent re-
views [1,51,52]. Cruciferous vegetables, rich in
phase ll-inducer glucosinolates, may have particu-
lar merit in this regard [53]. Other studies conclude
that whole grains are also likely to decrease cancer
risk [54]. Although some case-control or prospec-
tive cohort studies associate high legume intake
with lower cancer risk (as cited previously) [55],
this possibility is not as well established, perhaps
because legume consumption in Western society
tends to be fairly low. One would expect a diet rich
in legumes to be protective if only because these
foods are distinguished by a very low glycemic in-
dex, owing in part to the presence of phytochem-
icals that slow their digestion [56,57]; the fact that
most of the carbohydrate in typical Western diets
has a high glycemic index may play a role in the
induction of certain common cancers [55,58—60].
There is suggestive but inconclusive evidence that
soy product consumption may reduce cancer risk,
perhaps in part owing to the isoflavone phytoes-
trogens in these products [61—64]. The impact of
nut consumption on cancer risk appears to have
received little attention. Plant foods in general —
as opposed to animal products — may have lower
cancer promotional activity, as there is reason to
believe that dietary plant protein boosts growth
factor activities — such as IGF-I and insulin — less
substantially than animal protein does [65—67]. In
international ecologic epidemiology, diets com-
posed primarily of plant foods are associated with
far lower risk for so-called "Western” cancers
[68—78].

Despite growing enthusiasm among health sci-
entists for the protective potential of phytochem-
ical-rich plant products, the diets -currently
consumed in Western society tend to be notably

deficient in this regard. This reflects the fact that
the majority of dietary calories are supplied by
animal products, white flour, white rice, potato
products, and added refined sugars and oils — all
notably low in phytochemicals and fiber.

Definition and utility of a
*phytochemi-cal index”

In recognition of the key role of phytochemicals in
health promotion, | propose that diets be charac-
terized by a “phytochemical index” (PI), defined as
that percentage of dietary calories supplied by
foods typically high in phytochemicals: fruits,
vegetables (not including potatoes, but including
other tubers), legumes, nuts, seeds, whole grains,
and foods compounded therefrom. Fruit and veg-
etable juices, although lacking fiber and some of
the phytochemical content of rinds or peels, are
often rich in phytochemicals, and thus should be
counted in the index. Similarly, wine, beer, and
cider qualify in this regard, but not distilled hard
liquors. Soy protein, though evidently not a whole
food, is usually a good source of isoflavones, and
thus should be counted. Extra virgin olive oil is
relatively rich in absorbable antioxidants [79] and
thus might be given “partial credit”, but most
other oils used in cooking, although containing
some fat-soluble phytochemicals, are low in phy-
tochemicals on a per-calorie basis, and thus should
be excluded from the index.

The practical utility of such a Pl would be two-
fold. Epidemiologists could use Pl as a very rough
index of total dietary phytochemical content, and
attempt to correlate Pl with health outcomes. It is
evident that the phytochemicals derived from a
variety of foods can interact in additive and per-
haps sometimes synergistic ways to modulate
physiological function; this principle would be ac-
knowledged by the use of Pl in epidemiological
investigations. (By way of analogy, the innovative
concept “glycemic load” has been introduced re-
cently into epidemiological analysis to characterize
another global property of diets, giving rise to
some provocative findings [59,60,80—83]). Pl would
also be of use to clinical nutritionists, as a tool for
analyzing the quality of their clients’ diets, for
encouraging their clients to eat more phytochem-
ical-rich foods, and for quantifying the extent of
their clients’ progress in this regard.

As a quantitative measure of phytochemical in-
take, Pl has some evident weaknesses. For one
thing, it does not acknowledge the contribution
made by consumption of green or black tea, since
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these are non-caloric. Nor does it take into consid-
eration the fact that the phytochemical-to-calorie
ratio of plant foods varies a great deal. Further-
more, it is doubtless true that the health-promoting
utility of certain phytochemicals is greater than
that of others; the Pl does not take this into ac-
count. Thus, two diets with identical PI ratings
could have very different health outcomes owing to
marked differences in the quantity or quality of
their phytochemicals. Nonetheless, despite these
shortcomings, Pl can be viewed as a useful tool for
aiding assessment of the health impacts of diets
high in phytochemical-rich plant foods, and for
encouraging the consumption of such diets.
Theoretically, a vegan diet that excluded refined
grains, potato products, hard liquors, and added
sugars and oils could have a Pl of 100. Sadly, the PI
of most current American diets would be unlikely to
be as high as 20 — which means that there would be
quite ample room for improvement. And striving for
such improvement would have the ancillary ad-
vantage of increasing intakes of potassium, fiber,
vitamins, trace minerals, and plant protein, while
decreasing those of animal fat and animal protein.

References

[1] Potter JD, Steinmetz K. Vegetables, fruit and phytoestro-
gens as preventive agents. IARC Sci Publ 1996:61—90.

[2] Waladkhani AR, Clemens MR. Effect of dietary phytochem-
icals on cancer development (review). Int J Mol Med
1998;1:747-53.

[3] Talalay P, Fahey JW, Holtzclaw WD, Prestera T, Zhang Y.
Chemoprotection against cancer by phase 2 enzyme induc-
tion. Toxicol Lett 1995;82—83:173—9.

[4] Carr A, Frei B. The role of natural antioxidants in preserving
the biological activity of endothelium-derived nitric oxide.
Free Radic Biol Med 2000;28:1806—14.

[5] Rickard SE, Yuan YV, Thompson LU. Plasma insulin-like
growth factor | levels in rats are reduced by dietary
supplementation of flaxseed or its lignan secoisolaricires-
inol diglycoside. Cancer Lett 2000;161:47—55.

[6] Zhou JR, Gugger ET, Tanaka T, Guo Y, Blackburn GL,
Clinton SK. Soybean phytochemicals inhibit the growth of
transplantable human prostate carcinoma and tumor angi-
ogenesis in mice. J Nutr 1999;129:1628—-35.

[7] Levy J, Bosin E, Feldman B, Giat Y, Miinster A, Danilenko M,
et al. Lycopene is a more potent inhibitor of human cancer
cell proliferation than either o-carotene or [-carotene.
Nutr Cancer 1995;24:257—66.

[8] Karas M, Amir H, Fishman D, Danilenko M, Segal S, Nahum
A, et al. Lycopene interferes with cell cycle progression and
insulin-like growth factor | signaling in mammary cancer
cells. Nutr Cancer 2000;36:101—11.

[9] Messina MJ. Legumes and soybeans: overview of their
nutritional profiles and health effects. Am J Clin Nutr
1999;70:439S—50S.

[10] Setchell KD. Soy isoflavones — benefits and risks from
nature’s selective estrogen receptor modulators (SERMs).
J Am Coll Nutr 2001;20:3545—62S.

[11] de Lemos ML. Effects of soy phytoestrogens genistein and
daidzein on breast cancer growth. Ann Pharmacother 2001;
35:1118-21.

[12] Feldman EB. Fruits and vegetables and the risk of stroke.
Nutr Rev 2001;59:24—7.

[13] Folts JD. Fruits, vegetables and stroke risk. JAMA 1995;274:
1197-8.

[14] Gillman MW, Cupples LA, Gagnon D, Posner BM, Ellison RC,
Castelli WP, et al. Protective effect of fruits and vegetables
on development of stroke in men. JAMA 1995;273:1113—7.

[15] Joshipura KJ, Ascherio A, Manson JE, Stampfer MJ, Rimm
EB, Speizer FE, et al. Fruit and vegetable intake in relation
to risk of ischemic stroke. JAMA 1999;282:1233—9.

[16] Joshipura KJ, Hu FB, Manson JE, Stampfer MJ, Rimm EB,
Speizer FE, et al. The effect of fruit and vegetable intake
on risk for coronary heart disease. Ann Intern Med
2001;134:1106—14.

[17] Kushi LH, Lenart EB, Willett WC. Health implications of
Mediterranean diets in light of contemporary. Am J Clin
Nutr 1995;61:14075—15S.

[18] Liu S, Manson JE, Lee IM, Cole SR, Hennekens CH, Willett
WC, et al. Fruit and vegetable intake and risk of cardio-
vascular disease: the Women’s Health Study. Am J Clin Nutr
2000;72:922—-8.

[19] Ness AR, Powles JW. Fruit and vegetables, and cardiovas-
cular disease: a review. Int J Epidemiol 1997;26:1—-13.

[20] Ness AR, Powles JW. The role of diet, fruit and vegetables
and antioxidants in the aetiology of stroke. J Cardiovasc
Risk 1999;6:229—-34.

[21] Visioli F, Galli C. The role of antioxidants in the Mediter-
ranean diet. Lipids 1902;36(Suppl):S49—52.

[22] Visioli F, Borsani L, Galli C. Diet and prevention of coronary
heart disease: the potential role of phytochemicals.
Cardiovasc Res 2000;47:419—25.

[23] Vollset SE, Bjelke E. Does consumption of fruit and
vegetables protect against stroke? Lancet 1983;2:742.

[24] Bazzano LA, He J, Ogden LG, Loria C, Vupputuri S, Myers L,
et al. Legume consumption and risk of coronary heart
disease in US men and women: NHANES | Epidemiologic
Follow-up Study. Arch Intern Med 2001;161:2573—8.

[25] Geil PB, Anderson JW. Nutrition and health implications of
dry beans: a review. J Am Coll Nutr 1994;13:549—-58.

[26] Menotti A, Kromhout D, Blackburn H, Fidanza F, Buzina R,
Nissinen A. Food intake patterns and 25-year mortality from
coronary heart disease: cross-cultural correlations in the
Seven Countries Study. The Seven Countries Study Research
Group. Eur J Epidemiol 1999;15:507—15.

[27] Sasazuki S. Case-control study of nonfatal myocardial
infarction in relation to selected foods in Japanese men
and women. Jpn Circ J 2001;65:200—6.

[28] Fraser GE, Sabate J, Beeson WL, Strahan TM. A possible
protective effect of nut consumption on risk of coronary
heart disease. The Adventist Health Study. Arch Intern Med
1992;152:1416—24.

[29] Fraser GE, Shavlik DJ. Risk factors for all-cause and
coronary heart disease mortality in the oldest-old. The
Adventist Health Study. Arch Intern Med 1997;157:
2249-58.

[30] Fraser GE. Nut consumption, lipids and risk of a coronary
event. Clin Cardiol 1999;22:11111-5.

[31] Hu FB, Stampfer MJ, Manson JE, Rimm EB, Colditz GA,
Rosner BA, et al. Frequent nut consumption and risk of
coronary heart disease in women: prospective cohort study.
BMJ 1998;317:1341-5.

[32] Hu FB, Stampfer MJ. Nut consumption and risk of coronary
heart disease: a review of epidemiologic evidence. Curr
Atheroscler Rep 1999;1:204-9.



816

McCarty

[33] Kris-Etherton PM, Zhao G, Binkoski AE, Coval SM, Etherton
TD. The effects of nuts on coronary heart disease risk. Nutr
Rev 2001;59:103—11.

[34] Anderson JW, Hanna TJ, Peng X, Kryscio RJ. Whole grain
foods and heart disease risk. J Am Coll Nutr 2000;
19:2915-9S.

[35] Kushi LH, Meyer KA, Jacobs DRJ. Cereals, legumes and
chronic disease risk reduction: evidence from epidemio-
logic studies. Am J Clin Nutr 1999;70:4515—8S.

[36] Liu S, Stampfer MJ, Hu FB, Giovannucci E, Rimm E, Manson
JE, et al. Whole-grain consumption and risk of coronary
heart disease: results from the Nurses’ Health Study. Am J
Clin Nutr 1999;70:412—9.

[37] Liu S, Manson JE, Stampfer MJ, Rexrode KM, Hu FB, Rimm
EB, et al. Whole grain consumption and risk of ischemic
stroke in women: a prospective study. JAMA 2000;
284:1534—40.

[38] LiuS, Buring JE, Sesso HD, Rimm EB, Willett WC, Manson JE.
A prospective study of dietary fiber intake and risk of
cardiovascular disease among women. J Am Coll Cardiol
2002;39:49-56.

[39] Rimm EB, Ascherio A, Giovannucci E, Spiegelman D,
Stampfer MJ, Willett WC. Vegetable, fruit and cereal fiber
intake and risk of coronary heart disease among men. JAMA
1996;275:447—-51.

[40] Thompson LU. Antioxidants and hormone-mediated health
benefits of whole grains. Crit Rev Food Sci Nutr 1994;34:
473-97.

[41] Truswell AS. Cereal grains and coronary heart disease. Eur J
Clin Nutr 2002;56:1—14.

[42] Hertog MG, Feskens EJ, Hollman PC, Katan MB, Kromhout D.
Dietary antioxidant flavonoids and risk of coronary heart
disease: the Zutphen Elderly Study. Lancet 1993;
342:1007—11.

[43] Heitog MG, Kromhout D, Aravanis C, Blackburn H, Buzina R,
Fidanza F, et al. Flavonoid intake and long-term risk of
coronary heart disease and cancer in the seven countries
study. Arch Intern Med 1995;155:381—6.

[44] Hirvonen T, Pietinen P, Virtanen M, Ovaskainen ML,
Hakkinen S, Albanes D, et al. Intake of flavonols and
flavones and risk of coronary heart disease in male smokers.
Epidemiology 2001;12:62—7.

[45] Keli SO, Hertog MG, Feskens EJ, Kromhout D. Dietary
flavonoids, antioxidant vitamins, and incidence of stroke:
the Zutphen study. Arch Intern Med 1996;156:637—42.

[46] Knekt P, Jarvinen R, Reunanen A, Maatela J. Flavonoid
intake and coronary mortality in Finland: a cohort study.
BMJ 1996;312:478—81.

[47] Liu S, Manson JE. Dietary carbohydrates, physical inactiv-
ity, obesity, and the ’metabolic syndrome’ as predictors of
coronary heart disease. Curr Opin Lipidol 2001;12:395—404.

[48] Yochum L, Kushi LH, Meyer K, Folsom AR. Dietary flavonoid
intake and risk of cardiovascular disease in postmenopausal
women. Am J Epidemiol 1999;149:943—9.

[49] Stein JH, Keevil JG, Wiebe DA, Aeschlimann S, Folts JD.
Purple grape juice improves endothelial function and
reduces the susceptibility of LDL cholesterol to oxidation
in patients with coronary artery disease. Circulation
1999;100:1050-5.

[50] Vogel RA, Corretti MC, Plotnick GD. The postprandial effect
of components of the Mediterranean diet on endothelial
function. J Am Coll Cardiol 2000;36:1455—60.

[51] Block G, Patterson B, Subar A. Fruit, vegetables, and cancer
prevention: a review of the epidemiological evidence. Nutr
Cancer 1992;18:1-29.

[52] Steinmetz KA, Potter JD. Vegetables, fruit, and cancer
prevention: a review. J Am Diet Assoc 1996;96:1027—39.

[53] Zhang Y, Talalay P. Anticarcinogenic activities of organic
isothiocyanates: chemistry and mechanisms. Cancer Res
1994;54:19765—81s.

[54] Jacobs DRJ, Slavin J, Marquart L. Whole grain intake and
cancer: a review of the literature. Nutr Cancer 1995;24:
221-9.

[55] McCarty MF. Glycemic index may be a determinant of
cancer risk. J Medicinal Food 1998;1:100—5.

[56] Thorne MJ, Thompson LU, Jenkins DJ. Factors affecting
starch digestibility and the glycemic response with special
reference to legumes. Am J Clin Nutr 1983;38:481—8.

[57] Wolever TM. The glycemic index. World Rev Nutr Diet
1990;62:120—85. World Rev Nutr Diet 1990;62:120—85.

[58] Giovannucci E. Insulin and colon cancer. Cancer Causes
Control 1995;6:164—79.

[59] Franceschi S, Dal Maso L, Augustin L, Negri E, Parpinel M,
Boyle P, et al. Dietary glycemic load and colorectal cancer
risk. Ann Oncol 2001;12:173—8.

[60] Augustin LS, Dal Maso L, La Vecchia C, Parpinel M, Negri E,
Vaccarella S, et al. Dietary glycemic index and glycemic
load, and breast cancer risk: a case-control study. Ann
Oncol 2001;12:1533—8.

[61] Messina MJ, Persky V, Setchell KD, Barnes S. Soy intake and
cancer risk: a review of the in vitro and in vivo data. Nutr
Cancer 1994;21:113—31.

[62] Persky V, Van Horn L. Epidemiology of soy and cancer:
perspectives and directions. J Nutr 1995;125:7095—12S.

[63] Wu AH, Ziegler RG, Nomura AM, West DW, Kolonel LN,
Horn-Ross PL, et al. Soy intake and risk of breast cancer in
Asians and Asian Americans. Am J Clin Nutr 1998;
68:14375—43S.

[64] Wu AH. Soy and risk of hormone-related and other cancers.
Adv Exp Med Biol 1902;492:19—28.

[65] McCarty MF. Vegan proteins may reduce risk of cancer,
obesity, and cardiovascular disease by promoting increased
glucagon activity [In Process Citation]. Med Hypotheses
1999;53:459—85.

[66] Allen NE, Appleby PN, Davey GK, Key TJ. Hormones and
diet: low insulin-like growth factor-I but normal bioavail-
able androgens in vegan men. Br J Cancer 2000;83:95—7.

[67] McCarty MF. Mortality from Western cancers rose dramat-
ically among African—Americans during the 20th century:
are dietary animal products to blame? Med Hypotheses
2001;57:169—74.

[68] Campbell TC, Junshi C. Diet and chronic degenerative
diseases: perspectives from China. Am J Clin Nutr 1994;59:
11535—61S.

[69] Armstrong B, Doll R. Environmental factors and cancer
incidence and mortality in different countries, with special
reference to dietary practices. Int J Cancer 1975;15:
617—31.

[70] Cunningham AS. Lymphomas and animal-protein consump-
tion. Lancet 1976;2:1184—6.

[71] Gray GE, Pike MC, Henderson BE. Breast-cancer incidence
and mortality rates in different countries in relation to
known risk factors and dietary practices. Br J Cancer
1979;39:1-7.

[72] Rose DP, Boyar AP, Wynder EL. International comparisons
of mortality rates for cancer of the breast, ovary, prostate,
and colon, and per capita food consumption. Cancer
1986;58:2363—71.

[73] Parkin DM. Cancers of the breast, endometrium and ovary:
geographic correlations. Eur J Cancer Clin Oncol 1989;25:
1917-25.

[74] Ghadirian P, Thouez JP, PetitClerc C. International com-
parisons of nutrition and mortality from pancreatic cancer.
Cancer Detect Prev 1991;15:357—62.



Proposal for a dietary “phytochemical index”

817

[75] Hebert JR, Rosen A. Nutritional, socioeconomic, and
reproductive factors in relation to female breast cancer
mortality: findings from a cross-national study. Cancer
Detect Prev 1996;20:234—44.

[76] Sanchez A, Kissinger DG, Phillips Rl. A hypothesis on the
etiological role of diet on age of menarche. Med Hypoth-
eses 1981;7:1339—45.

[77] Koo LC, Mang OW, Ho JH. An ecological study of trends in
cancer incidence and dietary changes in Hong Kong. Nutr
Cancer 1997;28:289—-301.

[78] Giovannucci E, Pollak MN, Platz EA, Willett WC, Stampfer
MJ, Majeed N, et al. A prospective study of plasma insulin-
like growth factor-1 and binding protein-3 and risk of
colorectal neoplasia in women [In Process Citation]. Cancer
Epidemiol Biomarkers Prev 2000;9:345—9.

[79] Vissers MN, Zock PL, Roodenburg AJ, Leenen R, Katan MB.
Olive oil phenols are absorbed in humans. J Nutr
2002;132:409—-17.

[80] Salmeron J, Manson JE, Stampfer MJ, Colditz GA, Wing AL,
Willett WC. Dietary fiber, glycemic load, and risk of non-
insulin-dependent diabetes mellitus in women. JAMA
1997;277:472—17.

[81] Salmeron J, Ascherio A, Rimm EB, Colditz GA, Spiegel-
man D, Jenkins DJ, et al. Dietary fiber, glycemic load,
and risk of NIDDM in men. Diabetes Care 1997;20:
545-50.

[82] Liu S, Willet WC, Stampfer MJ, Hu FB, Franz M,
Stampson L, et al. A prospective study of dietary
gycemic load, carbohyrate intake, and risk of coronary
heart disease in US women. Am J Clin Nutr 2000;71:
1455—61.

[83] Liu S, Manson JE, Buring JE, Stampfer MJ, Willet WC,
Ridker PM. Relation between a diet with a high glycemic
load and plasma concentrations of high-sensitivity C-reac-
tive protein in middle-aged women. Am J Clin Nutr
2002;75:492-8.

Available online at www.sciencedirect.com

sc.ENCE@D.RECT®



	Proposal for a dietary ``phytochemical index''
	Health protection conferred by phytochemical-rich foods
	Definition and utility of a ``phytochemical index''
	References


