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BSTRACT
ackground Fruits and vegetables, foods rich in flavonoids
nd antioxidants, have been associated with lower risk of
troke, coronary heart disease, and markers of inflamma-
ion and oxidative stress in adults. Markers of inflammation
nd oxidative stress are predictors of coronary heart disease
isk; however, it is unknown whether these markers are
elated to dietary flavonoid and antioxidant intake in youth.
bjective To determine whether greater intakes of fruit
nd vegetables, antioxidants, folate, and total flavonoids
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ere inversely associated with markers of inflammation
nd oxidative stress in 285 adolescent boys and girls aged
3 to 17 years.
esign In this cross-sectional study conducted between
ebruary 1996 and January 2000, diet was assessed by a
27-item food frequency questionnaire. Height and
eight measurements were obtained and a fasting blood

ample drawn. Spearman partial correlation analyses
valuated the relation of intakes of fruit and vegetables,
ntioxidants, folate, and flavonoids with markers of in-
ammation (C-reactive protein, interleukin-6, tumor ne-
rosis factor-�, and 15-keto-dihydro-PGF2� metabolite
nd oxidative stress (urinary 8-iso prostaglandin F2�, an
2-isoprostane), adjusting for age, sex, race, Tanner
tage, energy intake, and body mass index.
esults Urinary F2-isoprostane was inversely correlated
ith intakes of total fruit and vegetables, vitamin C, beta

arotene, and flavonoids. Serum C-reactive protein was
ignificantly inversely associated with intakes of fruit
r��0.19; P�0.004), vitamin C (r��0.13, P�0.03), and
olate (r��0.18; P�0.004). Serum interleukin-6 was in-
ersely associated with intakes of legumes, vegetables,
eta carotene, and vitamin C. Serum tumor necrosis fac-
or-� was inversely associated with beta carotene
r��0.14, P�0.02) and luteolin (r��0.15, P�0.02).
onclusion Study results show that the beneficial effects of
ruit and vegetable intake on markers of inflammation and
xidative stress are already present by early adolescence
nd provide support for the Dietary Guidelines for Ameri-
ans “to consume five or more servings per day” of fruits and
egetables to promote beneficial cardiovascular health.
Am Diet Assoc. 2009;109:414-421.

ruits and vegetables, which contain a myriad of vi-
tamins, minerals, and food compounds, have been
inversely associated with cardiovascular disease risk

actors in adults (1-5), such as inflammation and oxida-
ive stress (6-9). Folate and antioxidants, such as vitamin

and beta carotene, are found in a variety of fruits and
egetables and have been related to lower levels of mark-

rs of inflammation and oxidative stress in adults (5,10-
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2). Plant polyphenols, such as flavonoids, also found in
any fruits and vegetables may play a role in this rela-

ion (13). Flavonoids, the most common subclass of poly-
henols, are usually concentrated in the skins and peels
nd are responsible for the deep color of fruits and vege-
ables. Polyphenolic compounds provide antioxidant
roperties and protect the plant from pathogens, ultravi-
let light, and other stress. Flavonoids are classified by
heir structures (anthocyanidins, flavanols [or catechins],
avanones, flavones, flavonols, and isoflavones), which
etermine their antioxidant properties. The majority of
avonoids consumed by the US population are found in
nions, apples, and tea (14). Although a dietary recom-
endation does not exist for flavonoids, daily intake var-

es from 20 mg/day in the United States to �70 mg/day in
olland (15). Data from the National Health and Nutri-

ion Examination Survey 2001-2002 showed the average
aily intake of vitamin C was 100 mg and 76 mg for boys
nd girls aged 14 to 18 years, respectively, which is above
heir recommended dietary allowance of 75 and 65 mg,
espectively (16). In the same survey, which was con-
ucted after initiation of fortification of bread and cereals
n 1998, the reported mean intake of folate was 683 and
00 dietary folate equivalents for boys and girls aged 14
o 18 years, respectively, which is above the current rec-
mmended dietary allowance of 400 �g (16). Currently,
here is no dietary recommendation for beta carotene (17).

Although the effects of flavonoid consumption on car-
iovascular risk factors among children and adolescents
ave not been defined, it is known that a heart-healthy
iet initiated at a young age reduces prevalence of obes-
ty, high cholesterol, and high blood pressure (18). This
uggests that the inverse relation between flavonoid con-
umption and markers of inflammation and oxidative
tress shown in adults (19-25) may also be operative prior
o adulthood, offering a strategy to prevent early onset of
ardiovascular risk, such as low-grade inflammation (26).

Prostaglandins and thromboxanes are bioactive com-
ounds derived from arachidonic acid catalyzed by cy-
looxygenases and are important mediators of inflamma-
ion. PGF2� is a major prostaglandin formed at the site of
nflammation, and 15-keto-dihydro-PGF2�, a major me-
abolite of PGF2�, is shown to be a potent indicator of in
ivo cyclooxygenase-mediated inflammation (27). F2-iso-
rostanes are formed during free-radical�catalyzed per-
xidation of arachidonic acid and are reliable markers of
xidative stress in vivo, and 8-iso-PGF2� is one of the
ajor F2-isoprostanes (28). The role of C-reactive protein

CRP) and cytokines as inflammatory markers involved
n development of atherosclerosis is well-known in adults
29), but only recently in children (26).

The present study was conducted in a cohort of adoles-
ents participating in a longitudinal study of obesity,
nsulin sensitivity, and cardiovascular risk. The study
bjective was to determine if intake of total and individ-
al flavonoids, antioxidants vitamin C and beta carotene,
olate, and fruits and vegetables was inversely related to
arkers of inflammation (CRP, interleukin-6 [IL-6], tu-
or necrosis factor-� [TNF-�], and 15-keto-dihydro-
GF [PGF ]) metabolite and oxidative stress (8-iso-
2� 2�

2� [F2-isoprostane]). f
ETHODS
tudy Population
pproval for this study was obtained from the University
f Minnesota Institutional Review Board Human Sub-
ects Committee. Consent for participation was obtained
rom all participants and their parents or guardians.

Participant recruitment and study methods have been
escribed in detail previously (30). Briefly, after blood
ressure screening of 12,043 fifth- to eighth-grade Min-
eapolis, MN, public school students, 500 study partici-
ants were randomly selected by strata of sex, race (black
r white), and blood pressure percentiles (one half of
tudy participants had blood pressure measurements in
he upper 25th percentiles and the other one half of study
articipants had blood pressures in the lower 75th per-
entiles). Of the 400 youth who enrolled in the main study
bout the influence of insulin sensitivity on blood pres-
ure change, 357 participated at a mean age of 13 years
range 11 to 15 years) and 304 participated at mean age
5 years (range 13 to 17 years) between February 1996
nd January 2000. To evaluate the relations between
avonoid intake and biomarkers in the current study, the
ohort for this study consisted of 285 participants with
omplete data for dietary intake collected at two time
oints, average ages 13 and 15 years, and for clinical
easures, fasting blood and overnight urine samples col-

ected at average age 15 years.

easurements
hysical Measurements. Height was measured using a wall-
ounted stadiometer (Fairgate Rule Co, Cold Springs,
Y), weight was measured using a physician balance
eam scale (Health O’Meter, Bridgeview, IL), and body
ass index (BMI) was computed by study staff as kg/m2.
anner stage was assessed by a board-certified pediatri-
ian based on pubic hair development in boys and pubic
air and breast development in girls (31).
aboratory Measurements. Fasting blood samples for CRP,
L-6, and TNF-� collected prior to beginning the insulin
lamp were centrifuged within 20 minutes of collection
nd stored at �70°C. Serum CRP was measured using an
ltrasensitive colorimetric competitive enzyme-linked

mmunosorbent assay (32). Serum IL-6 and TNF-� were
easured using enzyme-linked immunosorbent assays in

he cytokine reference laboratory of the University of
innesota. The urine samples were analyzed for F2-iso-

rostane and PGF2� by radioimmunoassay, as described
y Basu (33,34) and concentrations were adjusted for
rine creatinine concentration.
ssessment of Dietary Intake. At baseline (mean age�13
ears) and 2 years later (mean age�15 years), the 127-
tem Willett Food Frequency Questionnaire (35), includ-
ng vitamin supplements, was administered by trained
nd certified staff according to standard procedures, with
arental help if needed. Food models were used to facili-
ate estimation of usual portion size. Fruit and vegetable
ood groups were created. The fruit group included citrus
ruit, berries, melon, apples, pears, peaches, plums, and
ried fruit; and the vegetable group included green leafy
egetables, cruciferous vegetables, carotenoid-containing
egetables, and miscellaneous vegetables. Fruit juice and

rench-fried potatoes were each examined separately be-
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4

ause of the high sugar content in juice and the high fat
ontent in french-fried potatoes. Frequency and dose of
itamin supplement intake were queried for multivita-
ins; vitamins A, C, D, and E; selenium; iron; calcium;

nd zinc. Servings of fruit, fruit juice, vegetables, french-
ried potatoes, and legumes, and amount of vitamin C
with and without vitamin supplements), folate (with and
ithout vitamin supplements), beta carotene, and total
nd individual flavonoids, including apigenin, kaempferol,
uteolin, myricetin, and quercetin, were available from the
arvard Nutrient Data System. The United States De-
artment of Agriculture Flavonoid Database was used to
dentify which fruits and vegetables were good sources of
he flavonoids of interest (Figure).

tatistical Analysis
ll analyses were conducted using SAS (version 9.1, 2003,
AS Institute, Inc, Cary, NC). Distributions of CRP, IL-6,
NF-�, PGF2�, and F2-isoprostanes were highly skewed
nd were log-transformed before analysis to achieve nor-
ality. To return to the natural scale, means and standard

rrors of these analytes were back log-transformed and
eported as geometric means. Unadjusted data are ex-
ressed as mean�standard deviation. To increase precision
n the analyses of nutrient and food intake, diet data col-
ected at the two time points were averaged. Spearman
artial correlation coefficients were determined to relate
ntakes of nutrients, flavonoids, and fruit and vegetables
ith markers of inflammation and oxidative stress, adjust-

ng for age, sex, race, Tanner stage, energy intake (kcal),
nd BMI. The study was powered at 90% to detect a corre-
ation of �12% between exposure and outcome variables. A
ignificance criterion of P�0.05 was used.

ESULTS
he cohort included 155 boys and 130 girls, aged 15�1.2
ears; 20% were African American. Physical characteris-
ics and laboratory data are shown in Table 1. Tanner

Individual
flavonoid

Flavonoid
subclass Common food sources

Apigenin Flavone Parsley, celery, rutabagas, spinach,
peppers, cauliflower, beets,
brussels sprouts

Kaempferol Flavonol Onions, peppers, rutabagas, brussels
sprouts, broccoli, grapefruit,
spinach, watercress

Luteolin Flavone Parsley, celery, rutabagas, lemons,
olives, spinach, peppers,
cauliflower, beets, brussels sprouts

Myricetin Flavonol Broccoli, beans, carrots, kale, onion,
peppers, turnips, watercress

Quercitin Flavonol Onions, apples, berries, black grapes,
tea, broccoli, kale, peppers,
turnips, citrus fruits

igure. Common food sources rich in flavonoids. Source: US Depart-
ent of Agriculture Flavonoid Database (14).
tage and BMI were similar for boys and girls and no i

16 March 2009 Volume 109 Number 3
ignificant differences were found between sexes for CRP,
NF-�, and IL-6. However, PGF2� metabolite, and F2-

soprostanes were significantly greater in girls than boys
P�0.003 and P�0.004, respectively).

Study participants consumed an average of 5.5�0.3
ervings (about 2.75 cups) of fruits and vegetables per
ay. This was reduced to an average of 3.9�1.5 serv-
ngs (about 2 cups) per day when fruit juice and french-
ried potatoes were excluded from the total fruit and
egetable group. Of the daily fruit and vegetable con-
umption, fruit juice contributed nearly 50% of the
otal fruit servings and french-fried potatoes contrib-
ted about 10% of the total vegetables. Adolescent boys
onsumed considerably more kilocalories than girls,
ut no substantial difference was observed for intakes
f vitamin C, beta carotene, folate, legumes, fruit, and
egetables after adjusting for age, race, Tanner stag-
ng, and energy intake (Table 2). Total flavonoid intake
veraged 14.8�11.7 mg per day. Consumption of total
avonoids and each of the individual flavonoids was
lso similar between boys and girls.

ssociations of Nutrient Intake with Markers of Inflammation
nd Oxidative Stress
fter adjusting for age, sex, race, Tanner stage, energy

Table 1. Mean�standard deviation values of physical and clinical
characteristics among 285 adolescent boys and girls in a study to
determine the relations of flavonoids and fruit and vegetable intake
with inflammation and oxidative stress

Characteristic Boys (n�155) Girls (n�130)
P
valuea

4 mean�standard deviation3
Age (y) 15.1�1.22 14.9�1.23 0.13
Physical

characteristics
Tanner stage 4.46�0.83 4.56�0.59 0.22
Body mass indexb 23.3�5.02 24.0�5.31 0.21

Laboratory
characteristics

CRPc (ng/mL)d 0.77�1.89 0.85�1.87 0.12
TNF-�e (pg/mL)d 4.01�1.96 4.33�2.15 0.33
IL-6f (pg/mL)d 2.16�2.09 2.41�1.95 0.17
F2-isog (nmol/

mmol
creatinine)d 0.30�1.65 0.36�1.51 0.004

PGF2�
h (nmol/

mmol
creatinine)d 0.17�1.40 0.20�1.40 0.003

aP values represent significance level of the difference between boys and girls.
bCalculated as kg/m2.
cCRP�C-reactive protein.
dGeometric mean.
eTNF-��tumor necrosis factor-�.
fIL-6�interleukin-6.
gF2-iso�F2-isoprostane.
hPGF2��prostaglandin F2�.
NOTE: Information from this table is available online at www.adajournal.org as part of
a PowerPoint presentation.
ntake, and BMI, vitamin C intake was inversely related

http://www.adajournal.org
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o some markers of inflammation, including CRP and
L-6, and oxidative stress (F2-isoprostane) (Table 3). In-
ake of beta carotene was inversely related to IL-6 and
NF-�, while folate intake was inversely correlated with
RP and F2-isoprostanes.

ssociations of Fruit and Vegetable Consumption with
nflammatory and Oxidative Stress Markers
ruit and vegetable intakes were correlated with mark-
rs of inflammation and oxidative stress after adjusting
or age, sex, race, Tanner stage, energy intake, and BMI.

Table 2. Average daily nutrient and food intake of 285 adolescent
boys and girls in a study to determine the relations of flavonoids and
fruit and vegetable intake with inflammation and oxidative stress

Boys
(n�155)

Girls
(n�130)

P
valuea

4™™™™ mean�SE b ™™™™3
Daily nutrient intakec

Energy (kcal) 2,562�83.2 2,234�93.9 0.01
Protein (g) 91.4�2.5 90.2�2.8 0.76
Carbohydrate (g) 347�4.1 341�4.6 0.36
Fiber (g) 21.4�0.4 22.9�0.5 0.03
Total fat (g) 78.8�1.4 80.9�1.6 0.34
Vitamin C,

food�supplement (mg)d 250.0�15.2 251.3�17.1 0.96
Vitamin C, food only (mg)e 204.6�9.0 175.9�10.2 0.04
�-carotene, food only (IU)e 9,047�565 9,047�589 0.31
Folate, food�supplement

(�g)d 471.2�15.2 462.6�17.3 0.71
Folate, food only (�g)e 429.9�10.8 392.8�12.2 0.03
Daily food intakec, serving
Fruit, 1 piece or 1⁄2 cupf 1.4�0.09 1.4�0.09 0.90
Fruit juice, 1⁄2 cup 1.7�0.10 1.2�0.12 0.02
Vegetables, 1⁄2 cupg 2.3�0.11 2.6�0.12 0.14
French-fried potatoes, 1⁄2

cup 0.5�0.20 0.5�0.25 0.43
Legumes, 1⁄2 cup 0.2�0.03 0.2�0.03 0.89
Fruits and vegetables, 1⁄2

cuph 5.6�0.27 5.5�0.31 0.79
Daily flavonoid intakec

Total flavonoids (mg) 14.2�0.58 15.4�0.66 0.16
Myricetin (mg) 0.92�0.07 1.03�0.08 0.27
Kaempferol (mg) 2.51�0.28 3.06�0.32 0.21
Quercetin (mg) 10.2�0.33 10.8�0.38 0.23
Luteolin (mg) 0.08�0.04 0.04�0.04 0.43
Apigenin (mg) 0.52�0.03 0.55�0.04 0.53

aP value represents significance level of the difference between boys and girls.
bSE�standard error.
cDaily nutrient and food intakes were adjusted for age, race, Tanner staging, and total
energy intake.
dValues represent nutrient from food plus vitamin supplements.
eValues represent nutrient from food only.
fFruit excludes fruit juice.
gVegetables exclude french-fried potatoes.
hTotal fruit and vegetables include fruit juice and french-fried potatoes.
NOTE: Information from this table is available online at www.adajournal.org as part of
a PowerPoint presentation.
ruit intake was inversely related to CRP and IL-6. d
reater numbers of legume and vegetable servings were
ssociated with lower concentrations of IL-6, while the
egetable group was inversely related to TNF-�. Intakes
f fruit juice and french-fried potatoes were not related to
ny biomarker. Total fruit and vegetable intake (with or
ithout french-fried potatoes and fruit juice) was sub-

tantially and inversely related to CRP, TNF-�, IL-6, and
2-isoprostanes, but not PGF2�.

ssociations of Flavonoid Consumption with Inflammatory and
xidative Stress Markers
fter adjusting for age, sex, race, Tanner stage, energy

ntake, and BMI, intakes of total flavonoids and individ-
al flavones kaempherol, and quercetin were inversely
elated to F2-isoprostanes. Only luteolin was inversely
orrelated with TNF-�. The individual flavonoids myrice-
in and apigenin were not related to any of the inflam-
atory or oxidative stress markers.

ISCUSSION
n this study of adolescents, a diet high in fruit and
egetables and, therefore, rich in antioxidants, folate,
nd flavonoids, was associated with lower levels of mark-
rs for inflammation and oxidative stress. These results
how that increased consumption of fruit and vegetables
nd, therefore, antioxidant and flavonoid intake, begin to
ave an effect on markers of inflammation and oxidative
tress early in life, and suggest that with an ongoing
imilar pattern of consumption, these beneficial relations
ay grow stronger with aging, resulting in lower cardio-

ascular risk (36).
The relation of flavonoid intake to inflammation has

ot been characterized in an adolescent population pre-
iously. However, several in vivo experiments and obser-
ational studies conducted in middle-age and elderly pop-
lations have examined this association and noted

nverse relationships (37-41) consistent with our study
utcomes in adolescents. Grape flavonoids decreased
NF-� and IL-6 concentrations in both pre- and post-
enopausal women (42), and IL-6 was shown to be in-

ersely related to quercetin (43) and tea flavonoids in vivo
44). In the present study, total flavonoids and the indi-
idual flavonoids, kaempferol and quercetin, were signif-
cantly inversely associated with oxidative stress. How-
ver, with the exception of the inverse relation of luteolin
o TNF-�, none of the flavonoids was significantly asso-
iated with levels of the other inflammatory factors. This
ay suggest that the earliest effect of flavonoids is on

xidative stress, with a significant effect on inflammation
ot noted until adult life, as described previously (36-44).
t is important, however, to study development of subclin-
cal inflammation in youth without chronic disease to
etermine its early mechanisms.
One study of 79 children aged 6 to 14 years observed

onsignificant associations between antioxidant intake
vitamins C and E and beta carotene) and inflammatory
arkers CRP, IL-6, and TNF-�; however, the study had

nsufficient power to detect weak associations (45). The
resent study of 285 adolescents (mean age�15 years)
emonstrated significant and inverse associations of an-
ioxidant intake with markers of inflammation and oxi-

ative stress.
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The proposed beneficial effects of antioxidants, folate,
nd flavonoids, such as lowering blood cholesterol and
omocysteine, reducing blood pressure, decreasing plate-

et aggregation, and scavenging free radicals and reactive
xygen species, are associated with a reduction in the
nflammatory markers and prostaglandins evaluated in
his study, thus supporting the presumption that they are
ntermediaries in the pathway to development of cardio-
ascular disease (46-51). Decreases in cytokines, such as
L-6, are directly associated with a decrease in inflamma-
ion (52,53). Decreases in oxidative stress are associated
ith lower levels of reactive oxygen species, free radicals,
nd reactive nitrogen species, resulting in a reduction in
ipid oxidation and formation of atherosclerotic plaques
54-56). A 4-week randomized intervention trial in healthy,
onsmoking men showed that a diet rich in carotenoids
eight servings per day of fruits and vegetables) reduced
erum CRP (57). In a cross-sectional analysis of data from
he Massachusetts Hispanic Elder Study, a substantial
nverse dose-response relation was found for fruit and
egetable intake with CRP and plasma total homocysteine
3). A recent prospective study of 40- to 59-year-old En-

Table 3. Spearman correlation coefficients for the relations of antiox
inflammation and oxidative stress among 285 adolescent boys and

Dietary intakea CRPb (ng/mL) TNF-�c(pg/

Nutrient intakea

Vitamin Cg (mg) �0.13* NSh

�-carotene (IU) NS �0.14*
Folateg (�g) �0.18** NS
Food intake (servings)a

Fruit (without juice) �0.19** NS
Fruit juice NS NS
Vegetablesi NS 0.13*
French-fried potatoes NS NS
Legumes NS NS
Fruit and vegetablesj �0.15* �0.13*
Flavonoid intakea

Total flavonoids (mg) NS NS
Myricetin (mg) NS NS
Kaempferol (mg NS NS
Quercetin (mg) NS NS
Luteolin (mg) NS �0.15*
Apigenin (mg) NS NS

aAdjusted for age, sex, race, Tanner stage, energy intake, and body mass index.
bCRP�C-reactive protein.
cTNF-��tumor necrosis factor-�.
dIL-6�interleukin-6.
ePGF2a�prostaglandin F2a.
fF2-iso�F2-isoprostane.
gNutrients include food and vitamin supplement values.
hNS�not significant.
iVegetables exclude french-fried potatoes.
jTotal fruit and vegetables include fruit juice and french-fried potatoes.
*P�0.05.
**P�0.01.
NOTE: Information from this table is available online at www.adajournal.org as part of a
lish males found that fruit intake had a substantial t

18 March 2009 Volume 109 Number 3
nverse association with CRP, blood viscosity, and tissue
lasminogen activator antigen (11). Results from the
resent study have shown for the first time that con-
umption of antioxidants, total flavonoids, and total fruit
nd vegetables was associated with lower levels of oxida-
ive stress (F2-isoprostanes) in healthy adolescents.

While male sex has been strongly associated with risk
actors for atherosclerosis and cardiovascular disease
58), and previous research has shown increased oxida-
ive stress in young adult, healthy, nonsmoking men in
omparison to a similar group of women (59), the present
tudy found that girls at mean age 15 had a considerably
igher concentration of F2-isoprostanes. It is possible
hat this may be related to the ages of the boys and girls,
ith effects of recent puberty influencing levels of oxida-

ive stress and antioxidant activity (60,61). Alternatively,
t may be related to changes in percentages of body fat vs
ean body mass at this age; however, regression models
ere adjusted for Tanner staging and body mass (62).
revious research has demonstrated a considerable re-
uction in oxidative stress, represented by F2-isopros-

s, folate, flavonoids, and fruit and vegetable intake with markers of

IL-6d (pg/mL)

PGF2�
e

(nmol/mmol
creatinine)

F2-isof

(nmol/mmol
creatinine)

�0.14* NS �0.16*
�0.15* NS NS
NS NS �0.21**

�0.13* NS NS
NS NS NS
�0.15* NS NS
NS NS NS
�0.16* NS NS
�0.16* NS �0.13*

NS NS �0.14*
NS NS NS
NS NS �0.15*
NS NS �0.15*
NS NS NS
NS NS NS

rPoint presentation.
idant
girls

mL)
ane, in obese men and women undergoing a nutritional
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nd behavioral intervention (63); and decreased oxidative
ellular damage to DNA and lipids was observed follow-
ng a 14-day dietary intervention that included 12 serv-
ngs of fruits and vegetables (64).

Although antioxidant and flavonoid analyses have been
onducted successfully in prior studies (65,66), there are
otential errors associated with assessing the antioxidant
nd flavonoid content of foods (67). Determination of fla-
onoid content is difficult because of the complex manner
n which polyphenols are synthesized in food products
nd lack of a comprehensive food composition database
or flavonoids. Quantification of antioxidant and fla-
onoid consumption may be further complicated by food
torage, handling, processing, and preparation (68-70).
ater-soluble antioxidants and flavonoids are released

nto high-temperature cooking water and discarded.
One potential limitation of this study is the lack of

moking information for the study participants. It is
ikely that smoking would have attenuated the relation
etween dietary intake and the outcome factors (71). The
eak correlations between dietary intake and markers of

nflammation and oxidative stress ranging from �0.13
o �0.19 (all P�0.5) may be considered a potential limi-
ation of the study. However, associations of BMI with
arkers of inflammation and oxidative stress are known

o be moderately strong in adults (r�0.35; P�0.001)
72,73). In the present study, with 90% power to detect
mall associations and after adjusting for BMI and other
ovariates, dietary antioxidant, flavonoid, and fruit and
egetable intake remained significantly and inversely re-
ated to markers of inflammation and oxidative stress in
dolescent boys and girls. Furthermore, it is likely that
he duration of low-grade inflammation and oxidative
tress concentrations in this sample of adolescents are
ot as great as in adults (26,62) and, therefore, the
trength of the associations would not be as great in
dolescents compared to those in adults (12,36-44). De-
pite these limitations, this study provides encouraging
esults with regard to adolescent diet and its relation to
nflammatory markers and oxidative stress.

On a negative note, dietary intake of adolescents en-
olled in this study showed that they did not achieve
yPyramid recommendations (74) for fruit and vegetable

onsumption. Adolescents enrolled in this study con-
umed about half of the recommended amounts for fruit
1.5 to 2 cups/day) and vegetables (2.5 to 3.5 cups) (74).
his is consistent with recent reports on the diet of ado-

escents in the United States (75). In addition, most ad-
lescents consumed lower amounts of total flavonoids
han the US national average estimate for adult flavonoid
onsumption (�20 mg/day) (15); however, vitamin C intakes
ere greater than the recommended amount (16,75). Thus,

trategies designed to increase fruit and vegetable intake
nd, therefore, antioxidant and flavonoid intakes, in ad-
lescents may result in an overall reduction in cardiovas-
ular risk indicators. This is consistent with studies on
he pathophysiology of cardiovascular disease showing
hat arterial plaque formation and other negative cardio-
ascular sequela begin early in life and that five to six or
ore daily servings of fruit and vegetables are associated

ith fewer adverse events in adulthood (36,76,77).
ONCLUSION
vidence is accumulating that suggests low-grade in-
ammation and oxidative stress predicts an increased
isk for chronic disease in adults (29,46-54) and adoles-
ence (26,78). As shown in the present study, fruit and
egetable intake was associated with lower concentra-
ions of systemic oxidative stress and inflammation in
dolescents, which is similar to studies in adults (1-5).
nti-inflammatory mechanisms, such as dietary antioxi-
ants, may inhibit development of atherosclerosis (29,55)
nd, therefore, following the recommendations of the Di-
tary Guidelines for Americans 2005 (79), including a diet
ich in fruit and vegetables, may be an important strat-
gy for disease prevention (36,40,76-78).
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ealth grant HL52851.
The authors do not have any conflicts of interest to

isclose.

eferences
1. Bazzano LA, Serdula MK, Liu S. Dietary intake of fruits and vegeta-

bles and risk of cardiovascular disease. Curr Atheroscler Rep. 2003;5:
492-499.

2. Law MR, Morris JK. By how much does fruit and vegetable consump-
tion reduce the risk of ischaemic heart disease? Eur J Clin Nutr.
1998;52:549-556.

3. Gao X, Bermudez OI, Tucker KL. Plasma c-reactive protein and
homocysteine concentrations are related to frequent fruit and vegeta-
ble intake in Hispanic and non-Hispanic white elders. J Nutr. 2004;
134:913-918.

4. Genkinger JM, Platz EA, Hoffman SC, Comstock GW, Helzlsouer KJ.
Fruit, vegetable, and antioxidant intake and all-cause, cancer, and
cardiovascular disease mortality in a community-dwelling population
in Washington County, Maryland. Am J Epidemiol. 2004;160:1223-
1233.

5. Graham IM, O’Callaghan P. The role of folic acid in the prevention of
cardiovascular disease. Curr Opin Lipidol. 2000;11:577-587.

6. Miller ER 3rd, Erlinger TP, Sacks FM, Svetkey LP, Charleston J, Lin
PH, Appel LJ. A dietary pattern that lowers oxidative stress increases
antibodies to oxidized LDL: Results from a randomized controlled
feeding study. Atherosclerosis. 2005;183:175-182.

7. Lopes HF, Martin KL, Nashar K, Morrow JD, Goodfriend TL, Egan
BM. DASH diet lowers blood pressure and lipid-induced oxidative
stress in obesity. Hypertension. 2003;41:422-430.

8. Erlinger TP, Miller ER 3rd, Charleston J, Appel LJ. Inflammation
modifies the effects of a reduced-fat low-cholesterol diet on lipids:
Results from the DASH-sodium trial. Circulation. 2003;108:150-154.

9. Delichatsios HK, Welty FK. Influence of the DASH diet and other
low-fat, high-carbohydrate diets on blood pressure. Curr Artheroscler
Rep. 2005;7:446-454.

0. Nanri A, Moore M, Kono S. Impact of C-reactive protein on disease
risk and its relation to dietary factors. Asian Pac J Cancer Prev.
2007;8:167-177.

1. Bohm F, Settergren M, Pernow J. Vitamin C blocks vascular dysfunc-
tion and release of interleukin-6 induced by endothelin-1 in humans
in vivo. Atherosclerosis. 2007;190:408-415.

2. Wannamethee SG, Lowe GDO, Rumley A, Bruckdorfer KR, Whincup
PH. Associations of vitamin C status, fruit and vegetable intakes, and
markers of inflammation and hemostasis. Am J Clin Nutr. 2006;83:
525-526.

3. Arts IC, Hollman PC. Polyphenols and disease risk in epidemiologic
studies. Am J Clin Nutr. 2005;81(suppl):317S-325S.

4. USDA Database for the flavonoid content of selected foods. Vers-
ion current 1 February 2006. USDA, Agricultural Research Serv-
ice Web site. http://www.ars.usda.gov/Services/docs.htm?docid�6231.
Accessed April 8, 2008.

5. Beecher GR. Overview of dietary flavonoids: Nomenclature, occur-
rence and intake. J Nutr. 2003;133:3248S-3254S.

6. Moshfegh A, Goldman J, Cleveland l. What We Eat in America.
NHANES 2001-2002: Usual Nutrient Intakes from Food Compared to

Dietary Reference Intakes. Washington, DC: US Department of Agri-
culture, Agriculture Research Service; September 2005.

March 2009 ● Journal of the AMERICAN DIETETIC ASSOCIATION 419

http://www.ars.usda.gov/Services/docs.htm?docid=6231


1

1

1

2

2

2

2

2

2

2

2

2

2

3

3

3

3

3

3

3

3

3

3

4

4

4

4

4

4

4

4

4

4

5

5

5

5

5

5

5

5

5

5

6

6

4

7. Food and Nutrition Board, Institute of Medicine. Dietary Reference
Intakes (DRI) for Thiamin, Riboflavin, Niacin, Vitamin B6, Folate,
Vitamin B12, Pantothenic Acid, Biotin, and Choline: A Report of the
Standing Committee on the Scientific Evaluation of Dietary Reference
Intakes and its Panel on Folate, Other B Vitamins, and Choline and
Subcommittee on Upper Reference Levels of Nutrients. Washington,
DC: National Academies Press; 1998.

8. Kleinman RE, Finberg LF, Klish WJ, Lauer RN. Dietary guidelines
for children: US recommendations. J Nutr. 1996;126(suppl):1028S-
1030S.

9. Huxley RR, Neil HA. The relation between dietary flavonol intake and
coronary heart disease mortality: A meta-analysis of prospective co-
hort studies. Eur J Clin Nutr. 2003;57:904-908.

0. Yochum L, Kushi LH, Meyer K, Folsom AR. Dietary flavonoid intake
and risk of cardiovascular disease in postmenopausal women. Am J
Epidemiol. 1999;149:943-949.

1. Knekt P, Jarvinen R, Reunanen A, Maatela J. Flavonoid intake and
coronary mortality in Finland: A cohort study. BMJ. 1996;312:478-
481.

2. Geleijnse JM, Launer LJ, van der Kuip DAM, Hofman A, Witteman
JCM. Inverse association of tea and flavonoid intakes with incident
myocardial infarction: The Rotterdam Study. Am J Clin Nutr. 2002;
75:880-886.

3. Keli SO, Hertog MG, Feskens EJ, Kromhout D. Dietary flavonoids,
antioxidant vitamins, and incident of stroke: The Zutphen study. Arch
Intern Med. 1996;156:637-642.

4. Arts IC, Hollman PC, Feskens EJ, Bueno de Mesquita HB, Kromhout
D. Catechin intake might explain the inverse relation between tea
consumption and ischemic heart disease: The Zutphen Elderly Study.
Am J Clin Nutr. 2001;74:227-232.

5. Hirvonen T, Pietinen P, Virtanen M, Ovaskainen ML, Hakkinen S,
Albanes D, Virtamo J. Intake of flavonols and flavones and risk of
coronary heart disease in male smokers. Epidemiology. 2001;12:62-
67.

6. Jarvisalo JMJ, Harmoinen A, Hakanen M, Paakkunainen U, Viikari
J, Hartiala J, Lehtimaki T, Simell O, Raitakari OT. Elevated serum
C-reactive protein levels and early arterial changes in healthy chil-
dren. Arterioscler Thromb Vasc Biol. 2002;22:1323-1328.

7. Basu S. Isoprostanes: Novel bioactive compounds of lipid peroxida-
tion. Free Radic Res. 2004;38:105-122.

8. Basu S. Novel cyclooxygenase-catalysed bioactive prostaglandin F2�

from physiology to new principles in inflammation. Med Res Rev.
2007;27:435-468.

9. Hansson GK, Robertson AK, Soderberg-Naucler C. Inflammation and
atherosclerosis. Annu Rev Pathol. 2006;1:297-329.

0. Sinaiko AR, Jacobs DR, Steinberger J, Moran A, Luepker R, Rocchini
AP, Prineas RJ. Insulin resistance syndrome in childhood: Associa-
tions of the euglycemic insulin clamp and fasting insulin with fatness
and other risk factors. J Pediatr. 2001;139:700-707.

1. Tanner JM. Normal growth and techniques of growth assessment.
Clin Endocrinol Metab. 1986;15:411-451.

2. Macy E, Hayes T, Tracy R. Variability in the measurement of C-re-
active protein in healthy subjects: Implication for reference interval
and epidemiological applications. Clin Chem. 1997;43:52-58.

3. Basu S. Radioimmunoassay of 8-iso-prostaglandin F2alpha: An index
for oxidative injury via free radical catalysed lipid peroxidation. Pros-
taglandins Leukotrienes Essent Fatty Acids. 1998;58:319-325.

4. Basu S. Radioimmunoassay of 15-keto-13,14-dihydro-prostaglandin
F2alpha: An index for inflammation via cyclooxygenase catalysed
lipid peroxidation. Prostaglandins Leukotrienes Essent Fatty Acids.
1998;58:347-352.

5. Willett WC, Reynolds RD, Cottrell-Hoehner S, Sampson L, Browne
ML. Validation of a semi-quantitative food frequency questionnaire:
Comparison with a 1-year diet record. J Am Diet Assoc. 1987;87:43-47.

6. Ness AR, Maynard M, Frankel S, Davey Smith G, Frobisher C, Leary
SD, Emmett PM, Gunnell D. Diet in childhood and adult cardiovas-
cular and all-cause mortality: The Boyd Orr cohort. Heart. 2005;91:
894-898.

7. Castilla P, Echarri R, Davalos A, Cerrato F, Orega H, Teruel JL,
Lucas MF, Gomez-Coronado D, Ortuno J, Lasuncion MA. Concen-
trated red grape juice exerts antioxidant, hypolipidemic, and anti-
inflammatory effects in both hemodialysis patients and healthy sub-
jects. Am J Clin Nutr. 2006;84:252-262.

8. Ryan-Borchers TA, Park JS, Chew BP, McGuire MK, Fournier LR,
Beerman KA. Soy isoflavones modulate immune function in healthy
postmenopausal women. Am J Clin Nutr. 2006;83:1118-1125.

9. Fukino Y, Shimbo M, Aoki N, Okubo T, Iso H. Randomized controlled

trial for an effect of green tea consumption on insulin resistance and
inflammation markers. J Nutr Sci Vitaminol. 2005;51:335-342. 6

20 March 2009 Volume 109 Number 3
0. Song Y, Manson JE, Buring JE, Sesso HD, Liu S. Associations of
dietary flavonoids with risk of type 2 diabetes, and markers of insulin
resistance and systemic inflammation in women: A prospective study
and cross-section analysis. J Am Coll Nutr. 2005;24:378-384.

1. Widlansky ME, Duffy SJ, Hamburg NM, Gokce N, Warden BA, Wise-
man S, Keaney JF Jr, Frei B, Vita JA. Effects of black tea consump-
tion on plasma catechins and markers of oxidative stress and inflam-
mation in patients with coronary artery disease. Free Radic Biol Med.
2005;38:499-506.

2. Zern TL, Wood RJ, Greene C, West KL, Liu Y, Aggarwal D, Shachter
NS, Fernandez ML. Grape polyphenols exert a cardioprotective effect
in pre- and post-menopausal women by lowering plasma lipids and
reducing oxidative stress. J Nutr. 2005;135:1911-17.

3. Liu J, Li X, Yue Y, Li J, He T, He Y. The inhibitory effect of quercetin
on IL-6 production by LPS-stimulated neutrophils. Cell Mol Immunol.
2005;2:455-460.

4. Huang MT, Liu Y, Ramji D, Lo CY, Ghai G, Dushenkov S, Ho CT.
Inhibitory effects of black tea theaflavin derivatives on 12-O-tetra-
decanoylphorbol-13-acetate-induced inflammation and arachidonic
acid metabolism in mouse ears. Mol Nutr Food Res. 2006;50:115-122.

5. Aeberli I, Molinari L, Spinas G, Lehmann R, L’Allemand D, Zimmer-
mann MB. Dietary intakes of fat and antioxidant vitamins are pre-
dictors of subclinical inflammation in overweight Swiss children.
Am J Clin Nutr. 2006;84:748-755.

6. Vaziri ND, Rodriguez-Iturbe B. Mechanisms of disease: Oxidative
stress and inflammation in the pathogenesis of hypertension. Nat
Clin Pract Nephrol. 2006;2:582-593.

7. Ferri N, Paoletti R, Corsini A. Biomarkers for atherosclerosis: Patho-
physiological role and pharmacological modulation. Curr Opin Lipi-
dol. 2006;15:495-501.

8. Danesh J, Wheeler JG, Hirschfield GM, Eda S, Eiriksdottir G, Rumley
A, Lowe GD, Pepys MB, Gudnason V. C-reactive protein and other
circulating markers of inflammation in the prediction of coronary
heart disease. N Engl J Med. 2004;350:1387-1397.

9. Yudkin JS, Kumari M, Humphries SE, Mohamed-Ali V. Inflamma-
tion, obesity, stress and coronary heart disease: Is interleukin-6 the
link? Atherosclerosis. 2000;148:209-214.

0. Elesber AA, Best PJ, Lennon RJ, Mathew V, Rihal CS, Lerman LO,
Lerman A. Plasma 8-iso-prostaglandin F2alpha, a marker of oxidative
stress, is increased in patients with acute myocardial infarction. Free
Radic Res. 2006;40:385-391.

1. Libby P, Ridker PM. Inflammation and atherosclerosis: Role of C-re-
active protein in risk assessment. Am J Med. 2004;116(suppl 6A):9S-
16S.

2. Bennet AM, Alarcon-Riquelme M, Wiman B, de Faire U, Prokunina-
Olsson L. Decreased risk of myocardial infarction and lower tumor
necrosis factor-alpha levels in carriers of variants of the PDCD1gene.
Hum Immunol. 2006;67:700-705.

3. Rosenson RS, Koenig W. Utility of inflammatory markers in the
management of coronary artery disease. Am J Cardiol. 2003; 92(1A):
10i-18i.

4. Dhalla NS, Temsah RM, Netticadan T. Role of oxidative stress in
cardiovascular diseases. J Hypertens. 2000;18:655-673.

5. Chisolm GM, Steinberg D. The oxidative modification hypothesis of
atherogenesis: An overview. Free Radic Biol Med. 2000;28:1815-1826.

6. Berliner JA, Heinecke JW. The role of oxidized lipoprotein in athero-
genesis. Free Radic Biol Med. 1996;20:707-727.

7. Watzl B, Kulling SE, Moseneder J, Barth SW, Bub A. A 4-wk inter-
vention with high intake of carotenoid-rich vegetables and fruit re-
duces plasma C-reactive protein in healthy, nonsmoking men. Am J
Clin Nutr. 2005;82:1052-1058.

8. Kannel WB, Hjortland MC, McNamara PM, Gordon T. Menopause
and risk of cardiovascular disease: The Framingham study. Ann In-
tern Med. 1976;85:447-452.

9. Ide T, Tsutsui H, Ohashi N, Hayashidani S, Suematsu N, Tsuch-
ilhashi M, Tamai H, Takeshita A. Greater oxidative stress in healthy
young men compared with premenopausal women. Arterioscler
Thromb Vasc Biol. 2002;22:438-442.

0. Mohn A, Catino M, Capanna R, Giannini C, Marcovechhio M,
Chiarelli F. Increased oxidative stress in prepubertal severely obese
children: Effect of a dietary restriction-weight loss program. J Clin
Endocrinol Metab. 2005;90:2653-2658.

1. Elhadd TA, Khan F, Kirk G, McLaren M, Newton RW, Greene SA,
Belch JJ. Influence of puberty on endothelial dysfunction and oxida-
tive stress in young patients with Type 1 diabetes. Diabetes Care.

1998;21:1990-1996.

2. Kelishadi R, Sharifi M, Khosravi A, Adeli K. Relationship between



6

6

6

6

6

6

6

7

7

7

7

7

7

7

7

7

7

C-reactive protein and atherosclerotic risk factors and oxidative
stress markers among young persons 10–18 years old. Clin Chem.
2007;53:456-464.

3. Roberts CK, Vaziri ND, Barnard RJ. Effect of diet and exercise inter-
vention on blood pressure, insulin, oxidative stress, and nitric oxide
availability. Circulation. 2002;106:2530-2532.

4. Thompson HR, Heimendinger J, Haegele A, Sedlacek SM, Gillette C,
O’Neill C, Wolfe P, Conry C. Effect of increased vegetable and fruit
consumption on markers of oxidative cellular damage. Carcinogene-
sis. 1999;20:2261-2266.

5. Kuhnau J. The flavonoids: A class of semi-essential food components:
Their role in human nutrition. World Rev Nutr Diet. 1976;24:117-191.

6. Scalbert A, Williamson G. Dietary intake and bioavailability of poly-
phenols. J Nutr. 2000;130(suppl):2073S-2085S.

7. Ross JA, Kasum CM. Dietary flavonoids: Bioavailability, metabolic
effect, and safety. Annu Rev Nutr. 2002;22:19-34.

8. Price KR, Bacon JR, Rhodes MJC. Effect of storage and domestic
processing on the content and composition of flavonol glucosides in
onion (Allium cepa). J Agric Food Chem. 1997;45:938-942.

9. Price KR, Casuscelli R, Colquhoun IJ, Rhodes MJC. Composition and
content of flavonols glycosides in broccoli florets (Brassica olearacea)
and their fate during cooking. J Sci Food Agric. 1998;77:468-472.

0. Price KR, Colquhoun IJ, Barnes KA, Rhodes MJC. Composition and
content of flavonols glycosides in green beans and their fate during
processing. J Agric Food Chem. 1998;46:4898-4903.

1. Hozawa A, Jacobs DR Jr, Steffes MW, Gross MD, Steffen LM, Lee DH.
Relationships of circulating carotenoid concentrations with several

markers of inflammation, oxidative stress, and endothelial dysfunction:
The Coronary Artery Risk Development in Young Adults (CARDIA)/
Young Adult Longitudinal Trends in Antioxidants (YALTA) study. Clin
Chem. 2007;53:447-455.

2. Festa A, D’Agostino R, Williams K, Karter AJ, Mayer-Davis EJ, Tracy
RP, Haffner SM. The relation of body fat mass and distribution to
markers of chronic inflammation. Int J Obes. 2001;25:1407-1415.

3. Keaney JF, Larson MG, Vasan RS, Wilson PWF, Lipinska I, Corey
D, Massaro JM, Sutherland P, Vita JA, Benjamin EJ. Obesity and
systemic oxidative stress: Clinical correlates of oxidative stress in
the Framingham study. Arterioscler Thromb Vasc Biol. 2003;23:
434-439.

4. US Department of Agriculture. MyPyramid: Steps to a healthier
you. USDA MyPyramid.gov Web site. http://www.mypyramid.gov.
Accessed August 17, 2008.

5. Muñoz KA, Krebs-Smith SM, Ballard-Barbash R, Cleveland LE. Food
intakes of US children and adolescents compared with recommenda-
tions. Pediatrics. 1997;100:323-329.

6. Dauchet L, Amouyel P, Hercberg S, Dallongeville J. Fruit and vege-
table consumption and risk of coronary heart disease: A meta-analysis
of cohort studies. J Nutr. 2006;136:2588-2593.

7. He FJ, Nowson CA, MacGregor GA. Fruit and vegetable consumption
and stroke: Meta-analysis of cohort studies. Lancet. 2006;367:320-
326.

8. Warnberg J, Nova E, Romeo J, Moreno LA, Sjostrom M, Marcos A.
Lifestyle related determinants of inflammation in adolescence. Br J
Nutr. 2007;98(suppl 1):S116-S120.

9. US Department of Health and Human Services, US Department of
Agriculture, Dietary Guidelines for Americans, 2005. 6th ed. Wash-
ington, DC: US Government Printing Office, January 2005. Dietary

Guidelines for Americans Web site. http://www.healthierus.gov/
dietaryguidelines/. Accessed August 19, 2008.

March 2009 ● Journal of the AMERICAN DIETETIC ASSOCIATION 421

http://www.mypyramid.gov
http://www.healthierus.gov/dietaryguidelines/
http://www.healthierus.gov/dietaryguidelines/
http://www.MyPyramid.gov

	Fruit and Vegetable Consumption and ItsRelation to Markers of Inflammation andOxidative Stress in Adolescents
	METHODS
	Study Population
	Measurements
	Physical Measurements
	Laboratory Measurements
	Assessment of Dietary Intake

	Statistical Analysis

	RESULTS
	Associations of Nutrient Intake with Markers of Inflammation and Oxidative Stress
	Associations of Fruit and Vegetable Consumption with Inflammatory and Oxidative Stress Markers
	Associations of Flavonoid Consumption with Inflammatory and Oxidative Stress Markers

	DISCUSSION
	CONCLUSION
	References


