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Abstract
Evidence suggests a relationship between polyphenol intake and health benefits. Polyphenol intake among a large US cohort with diverse
dietary practices ranging from meatless to omnivorous diets has not been previously evaluated. The primary aim of this study was to compare
polyphenol intakes of several vegetarian and non-vegetarian dietary patterns and to assess phenolic intake by food source. To characterise
dietary intake, a FFQ was administered to 77 441 participants of the Adventist Health Study-2. Dietary patterns were defined based on the
absence of animal food consumption as vegan, lacto-ovo-vegetarian, pesco-vegetarian, semi-vegetarian and non-vegetarian. Polyphenol
intakes were calculated based on chromatography-derived polyphenol content data of foods from Phenol-Explorer, US Department of
Agriculture databases and relevant literature. Results revealed a mean unadjusted total polyphenol intake of 801 (SD 356)mg/d, and the main
foods contributing to polyphenol intakes were coffee, fruits and fruit juices. Total polyphenol intake differed significantly between dietary
patterns, with phenolic acids from coffee contributing the greatest variation. The dominant classes and sources of dietary polyphenols differed
between vegetarian and non-vegetarian diets. Flavonoid intake was the highest among pesco-vegetarians, and phenolic acid intake was the
highest among non-vegetarians. In addition, coffee consumers appeared to have a different dietary profile than non-coffee consumers,
including greatly reduced contribution of fruits, vegetables and legumes to total phenolic intake. Coffee drinkers were more likely to be
non-vegetarians, which explained several of these observations. Further evaluating these differences may be important in identifying
relationships between plant-based diets and health outcomes.
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Health benefits have been associated with plant-based dietary
patterns; however, the mechanisms by which plant foods
promote health are not entirely clear(1). Long-term vegetarian
diets are associated with reduced mortality(2) and incidence of
CVD(3). Furthermore, increased adherence to a vegetarian diet
has demonstrated greater risk reduction for chronic diseases(4).
Vegetarian diets are typically higher in fruits, vegetables,
legumes, soya, whole grains, nuts and seeds and lower in
animal products, refined grains and non-water beverages
compared with omnivorous diets(5). Phytochemicals, dietary
fibres and several micronutrients are abundant in whole grains,
soya, nuts, fruits and vegetables(6). These foods represent
common staples of a plant-based diet, and thus may contribute
to the health benefits observed in vegetarian populations(4,7).
Polyphenols are the largest group of phytochemicals in the

plant kingdom, with over 8000 known phenolic structures and
several hundred concentrated in edible plants(8). Major sources
of polyphenols include fruits and vegetables, coffee, cereal
grains, soya, tea, red wine and cocoa. In plants, phenolic
compounds are products of secondary metabolism and play
many physiological roles including UV protection, pigmentation

and defence against micro-organisms(9). These phenolic
compounds can be classified according to their complexity
and chemical structure into one of five major classes, including
flavonoids, phenolic acids, lignans, stilbenes and other polyphenols
(e.g. alkylphenols, curcuminoids, tyrosols). Owing to their biologi-
cal activity, it is possible that phenolics in general or perhaps one or
more of the classes of phenolic compounds contribute to the
protection offered by plant-based diets against mortality and disease
risk. It is therefore important to understand the relative intakes of
total polyphenols and individual phenolic classes from foods
among different diet patterns in order to elucidate the mechanisms
behind the observed health benefits of plant-based diets.

Only limited research has focused on the influence of diet
pattern on the level of polyphenol intake(10). Polyphenol
intakes in various European regions(11–14) have been examined,
but a comprehensive comparison of polyphenol intakes of a
US cohort consuming a range of meatless to omnivorous
diets has not been previously reported. The aims of this study
were to characterise polyphenol intake by dietary pattern and
plant source and to explore relative intakes of the major classes
of polyphenols.

Abbreviations: AHS-2, Adventist Health Study-2; USDA, US Department of Agriculture.
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Methods

Study population

The Adventist Health Study-2 (AHS-2) is comprised of over
96 000 participants enrolled during February 2002 to May 2007,
where 62 500 are females and 25 500 are black. Participants were
recruited from English-speaking congregations in the USA and
Canada, including Caucasian, African-American and Caribbean,
Latino and Asian members. The AHS-2 cohort is unique in that
participants have a wide range of dietary patterns, where 8% are
vegan, 28% are lacto-ovo-vegetarian, 16% are semi- or pesco-
vegetarian and 48% are non-vegetarian. In addition, there is
substantial diversity in the types of plant foods consumed by this
study population, including soya foods, grains, legumes and nuts.
A full description of the AHS-2 is provided elsewhere(15). Of the
96 469 participants of the AHS-2 cohort, there were 77 685 with
currently processed and usable dietary intake data. Individuals
with extreme energy intakes of <2092kJ/d (<500kcal/d) or
>18 828kJ/d (>4500kcal/d) (n 211) were excluded; from the
remaining cases, those with implausible dietary data (n 33) were
also excluded. The present analysis included 77 441 participants
from the AHS-2 cohort (mean age 57·1 years, 65% female)
(see Fig. 1). Participants with missing data on sex (n 26), race
(n 818) or BMI (n 1966) were excluded when these variables
were covariates in ANCOVA models.

Assessment of demographic and lifestyle information

At baseline and follow-up, each participant completed a
fifty-page, self-administered AHS-2 questionnaire that aimed to
assess diet, physical activity, reproductive history, supplement
use and medical history(15). Participants were asked to report
their weight and height in the baseline questionnaire, and these
values were used to calculate BMI. Physical activity status
was based on the average number of hours per week spent
engaging in energetic physical exercise combined with physical
activity level at work. Participants self-identified race, and those
reporting black/African-American, West Indian/Caribbean,
African or other black were considered as black and all others
were considered as non-black for this analysis.
The food frequency section is a twenty-two-page instrument

containing a food list of 204 hard-coded items, write-ins
for thirty-nine open-ended items and questions about food
preparation methods. The survey provides information on food
item, frequency of consumption (seven to nine categories) and
portion size (standard, half or less or one and a half or more),
which are necessary to estimate mean daily food and nutrient
intakes. The questionnaire was mailed to participants and then
returned to AHS-2, where responses were reviewed and
incomplete information was clarified by telephone follow-up.
Dietary pattern refers to the distinct dietary practices of vegans,
lacto-ovo-vegetarians, pesco-vegetarians, semi-vegetarians
and non-vegetarians as classified by FFQ data. AHS-2 has
characterised diet according to the level of animal product
intake(2): vegans consumed eggs, dairy products, fish and all
other meats less than once per month; lacto-ovo-vegetarians
consumed milk and/or eggs at least once per month but
red meat, fish or poultry less than once per month;

pesco-vegetarians consumed fish (but not only fish) at least
once per month but red meat or poultry less than once per
month; semi-vegetarians consumed red meat, poultry and fish
less than once per week but more than once per month; and
non-vegetarians consumed red meat, poultry and fish more
than once a week. Questionnaires were scanned using the
Nilson Candle Scanner 5000i Image Scanner with ScanTools
Plus software (Pearson NCS). The FFQ has been validated
previously using a total of six 24-h dietary recalls collected from
AHS-2 calibration study participants – one set of three during
the first 2 months and the second approximately 6 months
later(16). To address research ethics, the study was conducted
according to the Declaration of Helsinki, and approval for the
AHS-2 study was obtained from the Loma Linda University
Human Subjects Committee Institutional Review Board. Written
informed consent was obtained from all AHS-2 participants upon
enrolment; their confidentiality is protected as secondary data
contain no subject identifiers.

Polyphenol food composition data

Polyphenol content of foods in the AHS-2 cohort was generated
using a combination of all currently available data on
polyphenol concentrations in foods derived from chromato-
graphy analysis. The concentrations of polyphenols in various
foods were gathered from the Phenol-Explorer 3.6 database(17)

and the US Department of Agriculture (USDA) flavonoid and(18)

the USDA isoflavones(19) databases. Individual literature was
consulted for polyphenol concentrations of a select few
foods including okra(20), rice flour(21), oat bran, millet and
wheat bran(22). Rather than relying exclusively on the existing
Phenol-Explorer database, we chose to expand these data in
order to thoroughly capture phenolic intake from important
ingredients consumed by our population that are not presented
in Phenol-Explorer. Our complete database is comprised of
approximately 78% of data from Phenol-Explorer, 21% from

AHS-2 cohort
(n 96 469)

Completed baseline
FFQ with valid

entries (n 77 685)

Final analytic data set
(n 77 441)

Excluded from ANCOVA if
missing data on sex (n 26),
race (n 818) or BMI (n 1966)

Excluded if energy intake
<2092 kJ/d (<500 kcal/d) (n 40)
or >18 828 kJ/d (>4500 kcal/d)
(n 171) or excessive missing 
dietary intake values (n 33)

Included in ANCOVA
(n 74 668)

Fig. 1. Study design and flow chart. AHS-2, Adventist Health Study-2.

Polyphenol intake in Adventists 2163

https://doi.org/10.1017/S0007114516001331  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114516001331


USDA databases and 1% from individual studies.
Phenol-Explorer was the primary consulting database, because
concentrations of all measured polyphenol classes are provided
for each food and most of them are presented as glycosides and
esters of compounds; USDA databases provide data only on
flavonoids or isoflavones, usually reported as aglycones. The
USDA isoflavones database provided data for a variety of
soya foods, which was particularly necessary in order to
comprehensively estimate polyphenol intake in the AHS-2.
Data obtained refer to intact polyphenols (i.e. glycosides and
esters) for most compounds, except for values obtained from
analysis using chromatography after hydrolysis or from USDA
databases. For foods that contain lignans and phenolic acids
that are only detectable after hydrolysis (i.e. beans, olives and
cereals), data obtained using chromatography after hydrolysis
were also included. AHS-2 foods were carefully matched to the
compiled polyphenol composition data based on the following
guidelines: all foods with 0 or unknown polyphenol
concentrations were assigned 0; recipes were separated
according to individual ingredients; and when the polyphenol
concentration of a processed food was not presented in Phenol-
Explorer or USDA databases, the concentration of the raw
food was used in its place. For quality assurance, values entered
into the compiled database were checked for accuracy on
three separate occasions by comparing entered values with the
original source. Each food item or ingredient in the compiled
database was assigned a Food ID and corresponding value of
total polyphenols in mg/100 g. The data acquired were
expanded to include calculation of recipes as well as estima-
tions of missing values. When available, concentrations of
separate polyphenol classes (i.e. flavonoids, phenolic acids,
lignans, stilbenes and other polyphenols) were also collected,
and these values were summed to determine total polyphenols
from a food. However, this level of specificity was not available
for all foods and ingredients reported in the FFQ, and therefore
flavonoids or total polyphenols are the only available data
for some foods. This is particularly true for polyphenol
concentrations in foods derived from USDA databases, which
only provide data on flavonoid and isoflavone content of
foods. Certain food items and ingredients that may contain
polyphenols reported in the AHS-2 FFQ were not found in
existing databases or the literature, including cottonseed
oil, wheat gluten, coconut milk and cola drinks, and thus
polyphenol content of these foods is considered to be
unknown. It is likely that phenolic content or consumption of
these foods was minimal; thus, contribution of these foods to
total polyphenol intake is considered minimal.

Estimating polyphenol intake

Total dietary polyphenol intake was estimated using the
following formula:

P
Pn ´ Fn ´Gn ´ Sn, where P=mg phenolic

compounds/100 g of foodn, F is the reported frequency of
intake of foodn, G the standard serving size of foodn (g) and S
the reported servings of foodn. Polyphenol food group
variables were created to determine contributing food sources
to total polyphenol intake. Each major and minor food group
category is mutually exclusive so that the sum of polyphenol

intake from all major food groups is equivalent to total
polyphenol intake from the baseline FFQ. Table 1 defines
each major and minor food group.

Statistical analysis

Dietary patterns were compared according to demographic
variables to determine relevant covariates. Percentiles (5th, 50th
and 95th) of polyphenol intakes stratified by dietary pattern
were examined. The variable total polyphenol intake was trans-
formed using natural log and energy adjusted using the residual
method for statistical analyses. ANCOVA was used to test whether
mean polyphenol intakes were different between diet groups
after adjusting for age, sex, race, BMI and physical activity
level, with Bonferroni adjustment for multiple comparisons.
A significant interaction between dietary pattern, coffee
consumption and total phenolic intake (P< 0·0001) was
observed, and therefore a sub-group analysis between coffee
consumers and non-consumers was conducted. Mean intake of
polyphenols from various food groups as well as percentage
contribution of each food group to total polyphenol intake were
evaluated. For each dietary pattern, mean intakes of individual
polyphenol classes (i.e. flavonoids, phenolic acids, stilbenes,
lignans and other polyphenols) were also estimated. All
the analyses were performed using IBM SPSS version 2.1
(SPSS Inc.).

Results

Total dietary polyphenol intakes

The 5th, 50th and 95th percentiles of total polyphenol intake for
the cohort stratified by dietary pattern are reported in Table 2,
provided in units of mg/d. The unadjusted mean polyphenol
intake for the present study population was 801 (SD 775)mg/d.
Significant differences in mean adjusted total polyphenol
intakes were observed between dietary patterns (see Table 3).
In the study population, 34% of the participants reported coffee
consumption in the FFQ. Among non-coffee consumers, the
unadjusted mean polyphenol intake was 541 (SD 368)mg/d;
vegans reported the highest intake of total polyphenols
followed by pesco-vegetarians, lacto-ovo vegetarians, semi-
vegetarians and non-vegetarians. The unadjusted mean intake
for coffee consumers was 1370 (SD 1069)mg/d, with non-
vegetarians reporting the highest intakes, followed by vegans,
semi-vegetarians, pesco-vegetarians and lacto-ovo-vegetarians.

Food group contributions to total polyphenol intake

The contribution of major food groups to total polyphenol
intake are reported in Table 4 as means (mg/d) and percentages
of total polyphenol intake. As in other studies, coffee was
identified as a major source of dietary polyphenols, but only
for the AHS-2 participants who reported coffee consumption.
The proportional contributions of food groups between
coffee consumers and non-consumers are illustrated graphically
in Fig. 2.
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Comparison of intakes of major polyphenol classes

Estimated intakes of the major polyphenol classes
(i.e. flavonoids, phenolic acids, stilbenes, lignans and other
phenolics) are displayed in Fig. 3. Across all dietary patterns,
non-coffee consumers obtained higher mean levels of flavo-
noids than coffee consumers (305 (SD 238), 273 (SD 213)mg/d,
respectively). The subclass flavonoids represented 69% of total
polyphenol intake in non-coffee drinkers and 21% of the total
for coffee drinkers. Conversely, the mean phenolic acid intake
was higher in coffee consumers (986 (SD 1030)mg/d, 77% of
total polyphenol intake) compared with non-coffee consumers

(125 (SD 106)mg/d, 28% of total), and the mean phenolic acid
intake of non-vegetarian coffee consumers (1061mg/d) was
higher than that of all vegetarian dietary patterns.

Polyphenol intakes stratified by race

In the AHS-2 cohort, black participants had significantly lower
mean energy-adjusted polyphenol intakes compared with
non-blacks (665 (SD 532) v. 818 (SD 847)mg/d, respectively).
However, sub-group analysis of non-coffee consumers revealed
a higher mean energy-adjusted polyphenol intake among
blacks (565 (SD 314)mg/d) compared with non-blacks

Table 2. Percentiles of unadjusted total polyphenol intake stratified by dietary pattern
(Numbers and 5th, 50th and 95th percentiles)

Percentiles of total polyphenol intake (mg/d)

Dietary patterns n 5th percentile 50th percentile 95th percentile

All 77 441 176 556 2339
Vegan 5870 202 497 1288
Lacto-ovo-vegetarian 22 372 189 498 1575
Pesco-vegetarian 7604 202 580 1920
Semi-vegetarian 4298 159 514 2066
Non-vegetarian 37 297 162 635 2847

Table 1. Polyphenol food groups, subgroups and foods within each category

Major food groups Food subgroups Description

Fruits Citrus fruits Oranges, grapefruits
Orange/yellow fruits Apricot, cantaloupe, persimmon, peach, nectarine
Red/purple fruits Plums, pomegranate, rhubarb, cherries, grapes, currants
Apples/pears Apples, pears, quince
Berries Strawberries, blueberries, blackberries, raspberries, cranberries
Dried fruits Dried dates, prunes, raisins
Other fruits Pineapple, avocado, banana, fruit salad

Vegetables Leafy greens Spinach, chard, leaf lettuce
Orange/yellow vegetables Carrots, sweet potatoes, yams, winter squash
Cruciferous vegetables Broccoli, cauliflower, cabbage, kale, collard greens, Brussels sprouts
Tomatoes Tomatoes, fresh or processed
Other vegetables Potatoes, bell peppers, onion

Grains Whole grains Wheat, oats, maize, popcorn
Refined grains White flour, white bread, white rice
Dry cereals Granola, muesli, ready-to-eat cereals
Breads Bread, bagels, rolls, biscuits, muffins, waffles, tortillas, cakes, muffins
Pasta Noodles, spaghetti, macaroni

Legumes, soya Beans, peas Pinto, kidney, garbanzo, white, refried, red, green, lentils, green peas
Soyabeans, tofu, soya dairy products Soya milk, soya cheese, soya sour cream, egg substitute, soyabeans, edamame, tofu

Nuts and seeds Tree nuts, raw and roasted Almonds, walnuts, pecans, cashews, coconut, hazelnuts, nut mixtures
Peanuts Raw or roasted peanuts, peanut butter
Seeds, kernels and meal Sesame, sunflower, flax meal, tahini

Animal products Meat, fish, poultry Beef, pork, chicken, turkey, ground meats, white fish, salmon, tuna
Eggs Whole egg, egg white
Dairy products Milk, yogurt, ice cream, cheese

Added fats Oils Olive, rapeseed, sunflower, safflower, maize, vegetable oil
Margarine, butter Margarine, butter, shortening
Dressings, sauces Creamy salad dressing, vinaigrette, mayonnaise

Beverages Fruit juice All fruit juices and juice drinks, fresh or from concentrate
Vegetable juice Celery juice, carrot juice, tomato-based vegetable juice
Coffee Regular coffee, decaffeinated coffee
Tea Herbal, green, black
Chocolate beverages Hot cocoa, chocolate milk
Alcoholic beverages Beer, wine, liquor
Other beverages Nut milk, rice milk, non-alcoholic beer
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(474 (SD 229)mg/d), and these differences were significant
(P< 0·001) after adjustment for age, sex and BMI (results not
shown). Evaluation of polyphenol intake contributions from
various food sources among non-coffee consumers revealed
that mean polyphenol intakes were higher in blacks than in
non-blacks from fruit juice (blacks, 221 (SD 312)mg/d, non-
blacks, 112 (SD 167)mg/d), vegetables (blacks, 86 (SD 89)mg/d,
non-blacks, 70 (SD 62)mg/d), red/purple fruits (blacks,
64 (SD 115)mg/d, non-blacks, 48 (SD 74)mg/d) and tea (blacks,
24 (SD 60)mg/d, non-blacks, 17 (SD 93)mg/d).

Discussion

This is the first study to assess polyphenol intakes by dietary
pattern and food source among a large North American popu-
lation. Previous studies on polyphenol intake were carried out
in European cohorts(12,23–25), or focused only on the flavonoid
class of polyphenols(10,26). As the other polyphenol classes have
demonstrated biological activity as well, it is important to also
explore total polyphenol intake and the relative contributions of
phenolic acids, stilbenes, lignans and other phenolics to total
intake. The present study offers useful insight regarding the
relationship between several plant-based diets and intake of
total polyphenols as well as individual polyphenol classes.
European studies that evaluated dietary polyphenol intakes

reported means ranging from 326(25) to 1193mg/d(13).This
represents great variability, and the differences may be due to
dietary diversity in study populations and different nutritional
assessment methods. The main sources of polyphenols in
European studies are coffee, red wine, tea and fruits, with
means up to 1000mg/d coming from coffee(12). Although
polyphenol intake from fruits in the AHS-2 cohort (139
(SD 149)mg/d) was comparable with that of other studies
(48·3–206mg/d)(13,23), mean phenolic intakes from other con-
centrated sources (e.g. coffee and red wine) were substantially
lower in our population. In European cohorts, coffee drinkers
comprised approximately 83–92%, alcoholic beverage con-
sumers 75–96% and tea drinkers 52–97% of subjects(12,13,27).
Along with avoidance of meat consumption, it is an Adventist

custom to abstain from caffeine and alcohol. Therefore, the
AHS-2 cohort has relatively low coffee, tea and alcoholic
beverage intakes, where only 34, 37 and 4·6% of the cohort
consumed these items, respectively(5). The present study
revealed that coffee contributes 35%, tea contributes 3% and
alcoholic beverages contribute <1% to total polyphenol intake.
Interestingly, non-vegetarians comprise 70% of the coffee-
drinking sub-group, suggesting that coffee consumption may
accompany reduced compliance with traditional Adventist
dietary practices. As coffee is such a concentrated source of
phenolic compounds (214·85–280·84mg/100ml), it is feasible
to obtain 1000–1500mg polyphenols/d from just three to
four 6 oz servings of coffee. However, as a relatively small
percentage of the AHS-2 cohort drinks coffee, mean polyphenol
intake for this population is perhaps lower than that expected,
considering that half of the participants consumed a plant-based
diet. Nonetheless, the overall mean polyphenol intake of the
cohort (801mg/d) is comparable with other populations,
and the mean intake for the coffee-consuming sub-group
(1370mg/d) is higher than that reported in other studies(11–13).

Substantial differences in the intakes of a wide variety of
plant foods have been previously observed for vegetarian diet
patterns(5), and thus it is expected that mean polyphenol intakes
also vary. Certain foods are concentrated sources of a particular
class of polyphenols. For example, fruits and vegetables are
good sources of flavonoids, whereas coffee and whole grains
contain particularly high concentrations of phenolic acids. In
the AHS-2 cohort, vegetarians consumed greater amounts of
fruits, vegetables and soya foods(5). Consistent with this, we
observed the highest flavonoid intakes in the vegetarian
dietary patterns. Mean intake of flavonoids was greatest in
pesco-vegetarians, followed by vegans. Although vegans
consumed greater amounts of fruits and vegetables compared
with other dietary patterns, pesco-vegetarians’ intake of fruits
and vegetables was the second highest and their intake of
fruit juices was higher than that of all other dietary patterns(5);
thus, their greater flavonoid intake is reasonable. Intake of
legumes and soya was also highest among vegans and
pesco-vegetarians compared with other dietary patterns(5).
Legumes(28) and soya(29) have previously been associated with

Table 3. Estimated mean total dietary polyphenol intake (mg/d) in coffee consumers and non-coffee consumers in the Adventist Health Study-2 cohort
stratified by diet pattern*
(Mean values and 95% confidence intervals)

Total polyphenol intake (mg/d)

Entire cohort Coffee consumers Non-coffee consumers

Dietary patterns n Mean 95% CI n Mean 95% CI n Mean 95% CI

All 74 668 562 559, 566 23 563 984 963, 1006 51 105 456 453, 458
Vegan 5677 498a 488, 507 218 954a 870, 104 5459 492a 483, 501
Lacto-ovo-vegetarian 21 666 504a 499, 509 3720 929a 907, 951 17 946 463b 458, 467
Pesco-vegetarian 7318 589b 580, 599 1713 949a 917, 981 5605 484a 476, 492
Semi-vegetarian 4154 573b 560, 586 1495 980a 946, 1016 2659 432c 423, 442
Non-vegetarian 35 853 662c 657, 668 16 417 1119b 1106, 1132 19 436 412d 409, 416

a,b,c,d Mean values within a column with unlike superscript letters indicate that pair-wise comparisons were significantly different (P<0·01).
* ANCOVA was used to determine differences in energy-adjusted total dietary polyphenol intake between diet groups with covariates age, sex, race, BMI level and physical activity

level. Mean polyphenol intake was transformed using natural log and energy adjusted using the residual method for analysis; anti-logged means adjusted for energy and
covariates are reported. Bonferroni adjustment was applied for multiple comparisons.
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various health benefits, and represent good dietary sources of
phenolic acids and isoflavones, respectively. Our findings
demonstrate that legumes and soya contribute 13·8% to total
polyphenol intake for non-coffee consumers and 5% for coffee
drinkers. In the coffee-drinking sub-group, phenolic acids
comprised the dominant group of polyphenols consumed (77%
of total intake) and were the greatest source of variation across
dietary patterns. It may be expected that a non-vegetarian diet,
which includes meat and other animal products that tend to
displace plant foods, would result in reduced phenolic intake.
However, the greater frequency and volume of coffee intake
among non-vegetarians and the high concentration of phenolics
in coffee contributed to non-vegetarians’ increased polyphenol
intake. Despite being a rich source of phenolic acids, coffee
lacks the diversity of nutrients found in other plant foods, which

not only contain polyphenols, but also many vitamins (e.g.
vitamins C and E), other phytochemicals (e.g. carotenoids) and
dietary fibre. These added nutrients offer additional health
benefits, representing a possible advantage of the consumption
pattern observed for non-coffee drinkers in this study. Although
previous research has indicated health benefits from moderate
coffee intake, extreme coffee intake may be harmful(30,31).
Nonetheless, given the significant contribution of coffee to
dietary polyphenol intake in our Adventist cohort and the
popularity of coffee in the non-Adventist culture, further eva-
luation of this food product alone might offer insight to benefits
of phenolic acids.

Limitations of this study include the inability to adequately
characterise or quantify the polyphenol content of some foods.
Certain food items and ingredients present in the AHS-2 FFQ

Table 4. Contribution of food groups to intake of polyphenols
(Mean values and standard deviations)

Range of polyphenol concentration
of foods in food groups and

Mean frequency of
intake of food groups
and subgroups (per d)

Mean polyphenol intake
from food groups and
subgroups (mg/d) Percentage contribution of food

groups and subgroups to total daily
Food groups subgroups (mg/100 g) Mean SD Mean SD polyphenol intake

Fruits 3·23 2·68 138·7 149·0 17
Citrus 0·04–44·93 0·39 0·59 32·1 46·2 4
Apples, pears 16·68–56·38 0·41 0·48 39·1 45·8 5
Orange/yellow 0·72–27·18 0·55 0·81 4·0 7·2 <1
Purple/red 92·23–274·28 0·31 0·13 49·3 84·5 6
Berries 97·56–310·27 0·57 0·96 20·1 44·7 2
Dried fruits 13·67–194·67 0·23 0·48 1·6 6·0 <1
Other fruits 0·55–62·48 0·77 0·68 2·6 2·7 <1

Vegetables 2·97 1·78 73·2 69·0 9
Leafy greens 1·79–119·27 0·62 0·57 29·4 51·8 4
Orange/yellow 0·01–21·12 0·63 0·62 3·5 4·0 <1
Cruciferous 0·04–104·06 0·48 0·48 4·9 7·0 <1
Tomatoes 0·13–31·05 0·63 0·62 4·7 4·2 2
Other vegetables 24·58–640·00 0·61 0·56 30·7 26·4 4

Grains 2·42 1·70 25·9 19·1 3
Whole grains 0·53–162·73 0·56 0·54 4·3 6·2 <1
Refined grains 0·00–0·62 0·19 0·44 1·5 1·6 <1
Dry cereals 0·21–285·66 0·44 0·48 3·8 6·9 <1
Pasta 1·78–21·86 0·14 0·24 1·2 1·4 <1
Breads 0·04–24·73 1·09 1·38 15·1 14·9 2

Legumes, soya 1·44 1·06 73·0 73·9 9
Beans, peas 0·71–98·78 0·67 0·60 54·5 59·0 7
Soya foods 12·19–246·95 0·28 0·48 18·5 41·0 2

Nuts and seeds 1·0 1·10 7·7 12·0 <1
Nuts 0·40–54·65 0·84 0·96 1·4 4·5 <1
Seeds 11·60–1539·48 0·16 0·46 6·2 11·0 <1

Beverages 1·22 1·34 449·2 747·2 56
Coffee 214·75–280·84 0·34 0·86 281·0 717·3 35
Tea 10·23–21·23 0·11 0·40 23·3 95·3 3
Alcoholic beverages 0·31–108·38 0·02 0·20 1·4 14·4 <1
Chocolate beverages 21·23 0·07 0·37 4·0 17·2 <1
Fruit juices 7·06–71·8 0·53 0·73 136·5 212·4 17
Vegetable juice 1·31–28·5 0·14 0·36 2·9 12·9 <1

Added fats 2·09 1·48 30·9 21·5 4
Oils 16·74–557·00 0·86 0·78 28·9 21·1 4
Margarine, butter 0–0·18 0·77 0·92 1·18 1·51 <1
Dressings, sauces 7·06–18·39 0·46 0·62 0·80 0·80 <1

Animal products 1·44 1·32 0·15 0·44 <1
Eggs 0–0·05 0·21 0·32 0·00 0·00 <1
Dairy products 0–4·33 0·82 1·01 0·10 0·43 <1
Meat 0–1·86 0·42 0·50 0·04 0·08 <1

Total dietary polyphenols 801 775
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that may contain polyphenols were not found in existing
databases or reliable literature because consistent analytic
methods are currently unavailable. Among these foods are
cottonseed oil, wheat gluten, coconut milk and cola beverages.

The potential contribution of these foods to total polyphenol
intake in our study was likely minimal because of low overall
consumption or low phenolic concentration. In addition, data on
some foods known to contain high polyphenol concentrations,
such as chocolate, herbs and spices, were limited because of lack
of reporting by our cohort or inadequacy of the FFQ to capture
intake of these foods. Finally, data on processed foods were
unavailable for certain food items, which is important because of
known gains or losses in polyphenol concentrations due to
processing. Substitution of the corresponding raw food in our
analysis possibly resulted in underestimation or overestimation of
polyphenol intakes from the consumption of processed foods.

In conclusion, this study provided a comprehensive description
of polyphenol intake in a large cohort of Adventists. Our results
are consistent with European studies that have identified coffee,
fruits and fruit juices as major sources of polyphenol intake.
Vegans and pesco-vegetarians had the highest mean polyphenol
intakes among non-coffee consumers, and the relative food group
contributions to total polyphenol intake among this subgroup are
more consistent with current dietary recommendations, which
include an emphasis on increased consumption of fruits, vege-
tables and legumes(31). Coffee consumers were more likely to be
non-vegetarians, and to some extent our results suggest that
phenolic intake corresponds to coffee consumption. Polyphenols
may prove to be an important component of plant-based diets
that contribute to disease prevention and positive health out-
comes. Furthermore, because of the potential impact on
nutritional epidemiology, evaluating polyphenols from specific
food sources warrants further study.
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