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Abstract

Background Higher baseline intakes of flavonoid-rich foods and beverages are associated with a lower risk of
chronic disease and mortality in observational studies. However, associations between changes in intakes and mortal-
ity remain unclear. We aimed to evaluate associations between 8-year changes in intakes of (1) individual flavonoid-
rich foods and (2) a composite measure (termed the ‘flavodiet’) of foods and beverages that are known to be main
contributors to flavonoid intake and subsequent total and cause-specific mortality.

Methods We evaluated associations between 8-year changes in intakes of (1) individual flavonoid-rich foods and (2)
a novel flavodiet’ score and total and cause-specific mortality. We included 55,786 females from the Nurses'Health
Study (NHS) and 29,800 males from the Health Professionals Follow-up Study (HPFS), without chronic disease at base-
line in our analyses. Using multivariable-adjusted Cox proportional hazard models, we examined associations of 8-year
changes in intakes of (1) flavonoid-rich foods and (2) the flavodiet score with subsequent 2-year lagged 6-year risk of
mortality adjusting for baseline intakes. Data were pooled using fixed-effects meta-analyses.

Results We documented 15,293 deaths in the NHS and 8988 deaths in HPFS between 1986 and 2018. For blueber-
ries, red wine and peppers, a 5%, 4% and 9% lower risk of mortality, respectively, was seen for each 3.5 servings/week
increase in intakes while for tea, a 3% lower risk was seen for each 7 servings/week increase [Pooled HR (95% Cl) for
blueberries; 0.95 (0.91, 0.99); red wine: 0.96 (0.93, 0.99); peppers: 0.91 (0.88, 0.95); and tea: 0.97 (0.95, 0.98)]. Conversely,
a 3.5 servings/week increase in intakes of onions and grapefruit plus grapefruit juice was associated with a 5% and 6%
higher risk of total mortality, respectively. An increase of 3 servings per day in the flavodiet score was associated with
an 8% lower risk of total mortality [Pooled HR: 0.92 (0.89, 0.96)], and a 13% lower risk of neurological mortality [Pooled
HR: 0.87 (0.79, 0.97)], after multivariable adjustments.

Conclusions Encouraging an increased intake of specific flavonoid-rich foods and beverages, namely tea, blueber-
ries, red wine, and peppers, even in middle age, may lower early mortality risk.
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Background

Findings from prospective cohort studies, supported by
recent randomised controlled trials, provide growing evi-
dence that higher intakes of plant-based foods and bev-
erages, rich in bioactive compounds such as flavonoids,
may offer distinct benefits in relation to health and the
prevention of premature death [1—4]. This is attributed to
the role of flavonoids in protecting against many chronic
diseases, as demonstrated by converging evidence from
in vitro, clinical and epidemiological studies [5, 6]. Flavo-
noids are the most abundant and most researched class
of polyphenols, a major group of phytochemicals which
demonstrate important biological effects [7]. Although
nearly all plant-based foods contain flavonoids, some
contain uniquely high concentrations, namely tea, apples,
berries, citrus fruits, dark chocolate and red wine.

Many studies on habitual food intake and health are
derived from a single, baseline dietary intake measure;
repeated measures of intake are preferable as benefits are
likely cumulative for most chronic disease and more up-
to-date consumption level data captures within-person
variability over the adult lifetime [8]. A recent approach
is to report longitudinal analyses of changes in con-
sumption of foods and relate these to health outcomes.
Examining associations for change in intake is valu-
able as eating behaviours change over time [9] and it is
important to know if such change (either an increase or
a decrease) can influence health outcomes. These data
would provide public health officials an evidence base to
give consumers clear advice regarding whether changing
from being a low consumer to a high consumer, or vice
versa, could have a real impact on health, even in mid-
life. Moreover, as the data are derived within individuals,
this approach is less prone to bias and confounding, and
more closely resemble findings observed in randomised
controlled trials [10].

The average intake of total flavonoids in the US (~250
to ~400 mg/day) is lower than the UK and Australia,
and in line with intakes in Europe and China [5], with
major dietary sources being tea, citrus fruit juices, ber-
ries, citrus fruit, wine, and apples [11]. While previous
studies have demonstrated that higher intakes of spe-
cific flavonoid subclasses are associated with a lower risk
of mortality [1, 4, 12], to our knowledge no studies have
examined associations between changes in intakes of fla-
vonoid-rich foods and risk of all-cause and cause-specific
mortality. As foods are consumed as a whole, exploring
associations for flavonoid-rich foods, as opposed to total
flavonoids or flavonoid subclasses, yields results with a
clearer interpretation and public health relevance. Fla-
vonoids are found in a wide variety of plant-based foods
and beverages, yet across the globe the major dietary
sources of flavonoids tend to be very similar [13-16]; as
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such, deriving a composite score of flavonoid-rich foods
is a novel and valuable method to better understanding
the role of dietary flavonoids in disease prevention.

We therefore aimed to evaluate associations between
8-year changes in intakes of (1) individual flavonoid-
rich foods and (2) a composite measure (termed the
‘flavodiet’) of foods and beverages that are known to be
main contributors to flavonoid intake and subsequent
total and cause-specific mortality among participants in
the Nurses’ Health Study (NHS) and the Health Profes-
sionals Follow-up Study (HPES). We hypothesised, on
the basis of previous findings, that increases in intakes of
some flavonoid-rich foods and beverages (namely, blue-
berry, apple, tea, and red wine) would be associated with
a lower risk of all-cause mortality and that increases in
the flavodiet score would be associated with a lower risk
of cardiovascular disease-related, respiratory-related, and
neurological disease-related mortality.

Methods

Study population

Data from two large prospective cohorts of US males and
females were used for this study: the NHS began in 1976
and enrolled 121,701 female nurses aged 30-55 years
[17] while the HPES began in 1986 and enrolled 51,529
male health professionals aged 40-75 years [18]. In both
cohorts, participants completed questionnaires about
their lifestyle, and medical history at baseline and were
invited to repeat these questionnaires every subsequent
2 years to collect and update information on lifestyle, and
occurrence of new-onset diseases; follow-up rates for
mortality exceed 98% for both cohorts.

The baseline for all analyses in the present study was
set to be 1994, 8 years after detailed information on diet,
physical activity, and other lifestyle factors had been col-
lected for both cohorts, and the end of follow-up was
2018. We excluded participants who had prevalent car-
diovascular disease, diabetes, cancer, or severe chronic
neurological disease 4 years after baseline to reduce the
likelihood of observed associations being due to reverse
causality, participants with extreme energy intakes (<800
or>4200 kcal/d for men and <600 or>3500 kcal/d for
women) which may reflect incorrect completion of the
FFQ, and participants with missing information on
change in flavonoid intakes and change in total fruit
intakes. The final analysis included 55,786 females and
29,800 men (Additional file 1: Fig. S1). The last observa-
tion was carried forward for missing values of continuous
variables (with the exception of diet) and indicators were
used for missing values of categorical variables. Miss-
ing values were carried forward only once for diet, after
which the follow-up was censored.
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The study protocol was approved by the institutional
review boards of the Brigham and Women’s Hospital and
Harvard T.H. Chan School of Public Health, and those of
participating registries as required.

Dietary assessment

Participants of the two cohorts completed validated
semi-quantitative food frequency questionnaires (FFQs)
in 1986 and were invited to repeat these questionnaires
every 4 years thereafter. Participants were asked how
often, on average, they consumed a standard portion of
each food and beverage in the past year with frequency
response categories ranging from never or less than
once a month, to six or more times per day. Exposures of
interest were changes in intakes (servings/day) of foods
and beverages that are known to be main contributors
to flavonoid intake [namely, blueberry (% cup), apple (1
fruit), orange (1 fruit) plus orange juice (1 small glass),
grapefruit (% fruit) plus grapefruit juice (1 small glass),
strawberry (% cup), tea (8 oz. cup), red wine (5 oz. glass),
onion (1 slice raw or % cup cooked), peppers (2 rings or
% small), and grapes (% cup) plus raisins (1 oz. or 1 small
pack)] [16, 19]. Secondly, intakes of flavonoid-rich foods/
beverages that contributed > 1% to total flavonoid intakes
in both the NHS and the HPES at all waves of follow-up
were summed to create a ‘flavodiet’ score [i.e., tea, apples,
oranges, grapefruits, blueberries, strawberries and red
wine (servings/day)]. Of note, chocolate intake was not
included as an exposure of interest as FFQs prior to 2006
did not assess intakes of milk and dark chocolate sepa-
rately. The reproducibility and validity of the FFQs have
been described previously [20, 21]. For the NHS, the cor-
rected correlation coefficients, for several key flavonoid-
rich foods, between the food frequency questionnaire
and multiple dietary records were between 0.74 and 0.80
for apples, 0.50 and 0.74 for oranges, 0.86 and 0.93 for
tea, and 0.83 and 0.90 for wine [22]. For the HPFS, these
corrected correlation coefficients were between 0.44 and
0.53 for apples, 0.40 and 0.43 for oranges, 0.62 and 0.69
for tea, and 0.56 and 0.60 for red wine [23].

Ascertainment of mortality

Death from any cause was the primary outcome for
these analyses. Deaths were identified using the state
vital statistics records, the national death index, reports
by families, and the postal system; we ascertained over
98% of deaths in each cohort [24]. For all deaths, death
certificates were sought and, when appropriate, permis-
sion was requested from the next of kin to review medi-
cal records. These death certificates and medical records
were reviewed by a physician to determine the underly-
ing cause of death according to the eighth and ninth revi-
sions of the International Classification of Diseases (ICD)
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codes. Causes of death were grouped into five categories:
cardiovascular disease-related, cancer-related, respir-
atory-related, neurological disease-related, and other).
Due to heterogeneity in causes of death, the ‘other’ cat-
egory, was not included it as an outcome of interest.

Assessment of covariates

Participants reported their demographics (age, ethnic-
ity, weight and height), lifestyle habits (physical activ-
ity, smoking habits, aspirin and multivitamin use),
family history of diseases (myocardial infarction, dia-
betes and cancer) and any recent physician-diagnosed
diseases (myocardial infarction, diabetes, cancer, hyper-
tension, and hypercholesterolemia) via a questionnaire
every 2 years. Physical activity was quantified as energy
expenditure in metabolic equivalent tasks (METs) meas-
ured in hours per week as described previously [25]. As
there was approximately 10% missing data for each ques-
tion, response rates were carried over from the previous
questionnaire. Dietary intakes of alcohol, total energy,
meat, nuts, saturated fat, polyunsaturated fat, trans-fat,
cereal fibre, and soft drink were assessed and updated
from the food frequency questionnaire every 4 years.

Statistical analysis

We calculated person-years of follow-up from the date
of return of the 1994 questionnaire to the date of death
or the end of follow-up, whichever came first. We used
time-dependent Cox proportional hazards regression
to estimate the hazard ratios (HRs) and 95% confidence
intervals (Cls) of total and cause-specific mortality in
the subsequent 6 years, after excluding the first 2 years
of follow-up time in a lagged analysis; that is, changes
in consumption between 1986 and 1994 predicted mor-
tality between 1996 and 2002; changes in consumption
between 1994 and 2002 predicted mortality between
2004 and 2010, and changes in consumption between
2002 and 2010 predicted mortality between 2012 and
2018. Proportional hazards assumptions were checked
with no violations found. For the individual foods,
participants were divided into seven categories based
on their changes in consumption: three increase cat-
egories (increase of 0.5-0.99 servings/week; increase of
1-1.99 servings/week; increase of>2 servings/week);
three decrease categories (decrease of 0.5-0.99 serv-
ings/week; decrease of 1-1.99 servings/week; decrease
of>2 servings/week), and one reference category (no
change; +/ — <0.49 servings per week). Exposures were
categorised as we did not wish to assume that associa-
tions were linear, a reference value of ‘no change’ was
chosen so that different associations for an increase and
a decrease in intake could be observed, and the cate-
gory cut points were chosen based on the distribution
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of the data and ease of interpretation and translation.
For the flavodiet score, participants were divided into
seven categories based on their changes in consump-
tion: three increase categories (increase of 1-3.9 serv-
ings/week; increase of 4-6.9 servings/week; increase
of >7 servings/week); three decrease categories
(decrease of 1-3.9 servings/week; decrease of 4-6.9
servings/week; decrease of >7 servings/week), and one
reference category (increase or decrease of<1 serving
per week). Updated 8-year changes in consumption of
individual flavonoid-rich foods, or the composite fla-
vodiet score, were used as time-varying exposures.
Eight years was chosen to allow enough time for peo-
ple to change their diet and for that change to have an
effect, as shown previously [26]. Risk of death (HR and
95% CI) was also estimated for a change in intake of
each individual food or beverage by 3.5 servings/week,
representing a serving every second day, except for tea
intake which was estimated for 7 servings/week, repre-
senting a serving every day. For the flavodiet score, the
risk of death (HR and 95% CI) was also estimated for
a change total intake of 3 servings/day. We calculated
HRs and 95% ClIs from the different models separately
for each cohort and then pooled the results of Model 2
from both cohorts using a fixed-effects meta-analysis.
As the between-study variance heterogeneity tests were
not significant for most of the main exposures, a fixed-
effects meta-analysis was used.

Model 1 adjusted for baseline age (calendar year) and
baseline intake of the exposure variable of interest while
Model 2 adjusted for baseline age, follow-up time peri-
ods, ethnicity (white v other), change in smoking status
(never to never, never to current, former to former, for-
mer to current, current to former, current to current, or
missing indicator), a family history of myocardial infarc-
tion, diabetes and cancer (all yes v no), multivitamin use
(yes v no), aspirin use (yes v no), history of hypertension,
hypercholesterolemia, and diabetes (all yes v no), baseline
physical activity (quintiles), change in physical activity,
baseline BMI (<23, 23-24.9, 25-29.9, 30-34.9,>35 kg/
m?), change in BMI, baseline intakes of the exposure vari-
able of interest, and both baseline and change in intakes
of alcohol, total energy, meat, nuts, saturated fat, poly-
unsaturated fat, trans fat, cereal fibre, and soft drink (all
servings/day).

To investigate potential effect modification of the asso-
ciation between change in the flavodiet score and mor-
tality (all-cause and cause-specific), we stratified our
analyses by BMI (<30 v>30 kg/m?) and smoking status
(never v ever) based on prior evidence of effect modifi-
cation [1]. Furthermore, we conducted sensitivity analy-
ses where we censored participants at 80 years of age so
that our outcome would represent premature death. All
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analyses used SAS version 9.2 (SAS Institute, Cary, NC)
and statistical tests were two-sided and a P value <0.05
was considered statistically significant.

Results

We documented 15,293 deaths (including 3401 CVD
deaths, 3530 cancer deaths, 1282 respiratory deaths
and 2475 neurological deaths) in the NHS over 843,190
person-years of follow-up and 8988 deaths (including
2634 CVD deaths, 2345 cancer deaths, 677 respira-
tory deaths and 828 neurological deaths) in HPFS over
423,565 person-years of follow-up. Table 1 shows the
characteristics of the participants based on an 8-year
change in the flavodiet score from 1986 to 1994. From
1986 to 1994, more participants increased their intakes
of flavonoid-rich foods than decreased their intakes in
both cohorts (Table 1). Although body weight tended
to increase over follow-up for all participants, those
with the greatest increase in flavonoid-rich food intake
appeared to be healthier in that they had, on average,
a lower increase in body weight and a greater increase
in both energy intake and physical activity than partici-
pants who decreased their flavonoid-rich food intake.
Participants who maintained a similar level of flavo-
noid-rich food intake were more likely to be current
smokers than those who increased or decreased their
intakes. Mean intakes of most flavonoid-rich foods
remained stable over time (1986 to 2010) except for
intakes of blueberries, tea, and red wine, which tended
to increase in both cohorts, and intakes of citrus fruits
(orange and grapefruit) and their juices which tended
to decrease (Additional file 1: Fig. S2).

Age-adjusted (Model 1) associations between
changes in intakes of flavonoid-rich foods and total
mortality are presented in Additional file 1: Table S1.
In pooled multivariable-adjusted analyses, compared
with participants whose intakes remained relatively
stable, those with the greatest increase in intakes
of tea, red wine and peppers had a 5%, 11%, and 6%
lower risk of total mortality, respectively [pooled HR
(95% CI) for tea: 0.95 (0.92, 0.98); red wine: 0.89 (0.84,
0.95); and peppers: 0.94 (0.90, 0.98); Table 2]. When
modelled as a continuous variable, a 1 serving/day
increase in tea intake was associated with a 3% lower
all-cause mortality while 1 serving every other day (3.5
servings/week) increases in intakes of red wine, pep-
pers and blueberries were associated with 4%, 9% and
5% lower risks of all-cause mortality in multivariable-
adjusted pooled analyses, respectively. For blueber-
ries, this appeared to be driven by a trend for a high
risk of mortality in participants who decreased their
intakes of blueberries. In contrast, those with the
greatest increase in intakes of strawberries, onions and
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Table 1 Age-adjusted characteristics of participants based on 8-year changes (1986-1994) in the flavodiet score (servings/week)

Decrease in flavodiet score (servings/ Increase in flavodiet score (servings/
week) week)
Characteristics >7 4-6.9 1-3.9 Reference (<1) 1-3.9 4-6.9 >7
Nurses’ Health Study
No. of participants 6,986 4,511 8,655 11,567 9,830 5458 8,779
Age (years) 60.3 (7.0) 60.4 (7.0) 60.1 (7.1) 599 (7.1) 60.2 (7.1) 60.1(7.1) 60.2 (7.1)
Initial alcohol intake (g/day) 6.4 (11.2) 6.8(11.2) 6.3(10.5) 6.5(11.3) 6.0(10.2) 579.7) 56(9.8)
Change in alcohol intake (g/day) —-1.7(8.1) —1.5(85) —-13(76) —-14(7.9) —-1.0(7.6) —-09(7.1) —06(8.0)
Initial physical activity (MET h/ 15.3(22.3) 154 (20.7) 144 (20.3) 12.8(18.5) 135(17.7) 14.9 (22.2) 14.6 (21.0)
week)
Change in physical activity (MET 44 (274) 43(26.2) 49(253) 5.0 (23.0) 6.3 (22.9) 6.8 (26.3) 7.5(28.6)
h/week)
Initial energy intake (calories/day) 1869.9 (544.7) 1834.7 (522.1) 1789.2(513.9) 1709.6 (508.0) 1735.0 (507.5) 1740.5(513.1) 1752.1 (506.8)
Change in energy intake —156.9 —121.2(486) —90.5(463.4) —42.6(455.3) 16.5 (457.9) 58.0 (468.0) 88.9 (496.2)
(calories/d) (493.3)
Initial body mass index (kg/mz) 254 (4.7) 254 (4.9) 254(4.7) 252 (4.6) 25.0 (4.5) 25.1(4.7) 252 (4.7)
Change in body mass index (kg/mz) 12(2.5) 12(24) 1.124) 1.1(23) 1.1(23) 1.0024) 1.0024)
Initial weight (kg) 68.3 (13.5) 68.1(13.7) 68.2 (13.6) 67.6(13.2) 67.3(12.8) 67.5(13.2) 67.6(13.4)
Weight change (kg) 33(6.7) 33(6.5) 3.0(64) 3.0(63) 30(6.2) 2.7 (63) 28(6.5)
Parental history of Ml (%)* 255 232 243 234 238 241 24.8
Hypertension (%) 377 36.3 359 36.2 357 356 374
High cholesterol level (%)° 498 488 491 495 492 51.1 497
Type 2 diabetes (%) 6.0 55 53 52 55 58 6.5
Current smoker (%)® 18.7 16.5 19.1 235 193 18.5 183
Change in smoking status (%)
Current to past 7.6 6.5 7.2 83 83 8.8 82
Past to current 0.6 09 0.8 0.8 0.7 0.6 0.7
Never to current 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Multivitamin (%) 479 47.2 46.5 452 46.9 48.7 49.0
Aspirin (%)° 435 439 441 44.6 441 437 44.4
Health Professionals Follow-Up Study
No. of participants 3,447 2,354 4,901 6,171 5493 2,860 4,574
Age (years) 61.4(9.2) 61.3(9.3) 60.8 (9.2) 60.2(9.2) 60.8 (9.1) 61.5(9.3) 61.3(9.3)
Initial alcohol intake (g/day) 11.6 (16.3) 11.2(15.3) 11.5(14.7) 11.6(15.3) 114 (14.6) 11.0 (14.1) 11.7 (15.5)
Change in alcohol intake (g/day) -140127) -1.1(112) —-06(11.2) —-03(11.0) 0(10.8) 03(11.1) 09(12.6)
Initial physical activity (MET h/ 20.7 (29.0) 20.7 (26.6) 203 (30.8) 17.3 (24.0) 18.5 (23.6) 194 (25.7) 19.5 (24.6)
week)
Change in physical activity (MVET 10.6 (33.7) 104 (30.0) 104 (33.4) 11.3(28.7) 13.0 (294) 133(31.1) 13.9(304)
h/week)
Initial energy intake (calories/day) ~ 2133.6 (622.2) 2034.1 (584.6) 2023.9 (604.0) 1934.8(568.6)  1946.0 (580.6) 1966.6 (582.3) 1975.2 (586.9)
Change in energy intake (calories/  —1483 —929(519.5) —493(532.8) 10.6(524.3) 71.0 (525.3) 97.6 (548.1) 181.9 (560.0)
day) (569.2)
Initial body mass index (kg/mz) 254 (3.3) 254 (3.0) 25.3(3.0) 253(3.1) 25.3(3.0) 253(3.0) 255(3.2)
Change in body mass index (kg/mz) 06(1.8) 0.6(1.6) 0.6(1.5) 0.5(1.5) 05(1.5) 04(14) 04(1.6)
Initial weight (kg) 81.0(12.0) 80.8 (11.1) 80.6(11.1) 80.6(11.3) 80.8(11.0) 80.7 (11.0) 81.2(11.9)
Weight change (kg) 2.0(5.7) 1.9 (5.0 1.8 (4.9) 1.6 (4.7) 15 (4.8) 14 (4.5) 14 (5.3)
Parental history of MI (%)® 385 36.9 36.2 36.8 374 376 376
Hypertension (%) 32.8 299 303 293 30.6 30.1 316
High cholesterol level (%) 40.6 40.2 394 399 420 41.0 40.8

Type 2 diabetes (%)° 5.1 50 4.1 39 46 4.7 48
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Table 1 (continued)
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Decrease in flavodiet score (servings/

Increase in flavodiet score (servings/

week) week)

Characteristics >7 4-6.9 1-3.9 Reference (<1) 1-3.9 4-6.9 >7
Current smoker (%)® 74 74 73 10.9 84 73 78
Change in smoking status (%)

Current to past 34 35 2.7 4.1 40 43 42

Past to current 0.7 13 1.1 13 1.0 0.8 0.8

Never to current 0.1 0.0 0.1 0.1 0.1 0.1 0.0
Multivitamin (%)? 50.2 50.6 49.8 46.9 479 49.7 49.7
Aspirin (%)° 60.0 59.1 57.8 56.9 59.2 584 61.1

MET metabolic equivalent of task, HRT hormone replacement therapy, Ml myocardial infarction

Values are standardised to the age distribution of the study population (except age). Continuous variables are expressed as mean (standard deviation) while binary

variables are expressed as %. *Represents participant status in 1986

citrus fruits and their juices had an 8% (strawberry),
6% (onion), 8% (orange) and 6% (grapefruit) higher risk
of mortality after multivariable adjustments (Table 2).
When modelled as a continuous variable, a 1 serving
every other day (3.5 servings/week) increase in intakes
of grapefruit and onion was associated with a 6% and
5% higher risks of all-cause mortality in multivariable-
adjusted pooled analyses, respectively.

When intakes of the top contributors to total flavo-
noid intake were combined to create a flavodiet score,
a 3 servings/day increase in this combined score was
associated with an 8% lower risk of all-cause mortal-
ity, after multivariable adjustments [pooled HR (95%
CI): 0.92 (0.89, 0.96); Fig. 1]. Participants who had
the greatest decrease in flavodiet score (>7 servings/
week) had an 11% higher risk of mortality [pooled HR
(95% CI): 1.11 (1.05, 1.17)] than those whose score
remained stable (Table 3). Although an increase in
flavodiet score was not significantly associated with a
reduction in risk of cardiovascular, cancer or respira-
tory mortality, an increase of 3 servings per day of the
flavodiet score was associated with a 13% reduction
in risk of neurological death (Fig. 1) and participants
who had the greatest decrease in flavodiet score (>7
servings/week) had a 14% higher risk of neurological
mortality [pooled HR (95% CI): 1.14 (1.00, 1.31)] than
those whose score remained stable (Table 3).

In sensitivity analyses, censoring participants at
80 years did not materially change the results. Fur-
thermore, we found no evidence of effect modification
by smoking status (ever v never) or BMI when exam-
ining associations between the flavodiet score and
either all-cause or cause-specific mortality in each
cohort (Pipreraction > 0-1 for all).

Discussion
In this prospective cohort study of well-characterised
US females and males with repeated measures of dietary
intake to allow for the calculation of an 8-year change in
consumption of flavonoid-rich foods and beverages, we
observed that an achievable increase in intake of several
flavonoid-rich foods, namely tea, blueberries, red wine
and peppers, was associated with up to an 11% reduction
in all-cause mortality. Furthermore, by deriving a novel
flavodiet score we showed that an increase of three serv-
ings per day of any of the main contributors to total flavo-
noid intake was associated with an 8% and 13% lower risk
of all-cause and neurological death, respectively. These
novel findings highlight that modifying eating behaviours
in mid to later life can influence health outcomes and that
several flavonoid-rich foods may offer distinct benefits.
To date, most observational studies aiming to under-
stand the role of dietary flavonoids in the prevention of
chronic disease and subsequent early mortality have
focussed on total flavonoid intakes and intakes of major
flavonoid subclasses and compounds [5]. However, the
overall health effect may depend on the other compo-
nents that they are consumed alongside as part of the
whole food matrix [27]. Thus, there is also a need to
evaluate flavonoids in the context of the whole food; one
way in which this can be done is by examining associa-
tions between intakes of flavonoid-rich foods and health
outcomes. In the present study, increased intakes of not
all flavonoid-rich foods were associated with a lower
risk of total mortality. Of the fruits, decreasing intakes
of blueberries and increasing intakes of strawberries
and citrus fruits and their juices were associated with a
higher risk of total mortality. In the case of strawberries,
decreasing intakes were also associated with a higher
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Table 2 Associations between all-cause mortality (hazard ratios, 95% confidence intervals)® and 8-year change in intake of flavonoid-
rich foods

8-year change in intake levels, servings/week

Decrease Increase
>2 1-1.99 0.5-0.99 No change (+0.49)  0.5-0.99 1-1.99 >2 Pirend Every 3.5
servings/week
change®
Blueberry (fresh, frozen or canned)
NHSP 529/22,972 398/17,844 12,448/702,562 579/32,856 1339/66,349
Model 2¢ 1.21(1.06, 1.37) 1.06 (0.96, 1.18) 1.00 0.95 (0.87, 1.04) 0.96 (0.91,1.02) 0.90 (0.85,0.95)
HPFS® 202/7729 111/4209 7503/367,546 280/12,191 892/31,890
Model 2¢ 1.06 (0.89,1.27) 1.14(0.93,1.38) 1.00 0.98(0.87,1.11) 1.02 (0.95,1.10) 1.01(0.95,1.07)
Pooled? 1.16(1.04,1.28) 1.08(0.98, 1.18) 1.00 0.96 (0.89, 1.03)  0.98 (0.94, 1.03) 0.01 0.95(0.91, 0.99)
Apple (fresh)
NHSP 3196/175,003 110/7270 440/16,291 8798/475,020 234/10,834 91/6427 2424/151,739
Model 2¢ 1.04(0.99, 1.10) 1.08 (0.88, 1.32) 1.06 (0.96, 1.17) 1.00 0.98 (0.86,1.12) 1.03(0.83,1.28) 1.04 (0.99, 1.09) 1.00 (0.97, 1.03)
HPFS? 2093/89,216 125/5321 139/4822 4762/231,582 99/4407 101/5351 1669/82,867
Model 2¢ 1.04(0.97,1.10) 1.10(0.91,1.33) 1.10(0.92,1.31) 1.00 1.07 (0.87,1.31) 0.93(0.75,1.14) 1.01(0.95,1.07) 0.97 (0.94, 1.00)
Pooled? 1.04(1.00,1.08) 1.09(0.95,1.25) 1.07(0.98,1.17) 1.00 1.01(0.90,1.13)  0.98(0.84, 1.13) 1.03(0.99, 1.07) 0.17 0.98 (0.96, 1.01)
Orange and orange juice
NHSP 4349/229,783 654/34,599 683/40,348 5304/297,549 511/26,651 513/29,248 3279/184,405
Model 2¢ 1.04(0.99, 1.09) 1.00 (0.92, 1.09) 0.92 (0.85, 1.00) 1.00 1.11(1.02,1.22) 1.08 (0.98, 1.18) 1.10(1.05, 1.15) 1.02 (1.00, 1.04)
HPFS® 2613/114,822 355/16,461 329/16,253 2789/138,532 255/13,691 325/16,196 2322/107,611
Model 2¢ 1.00 (0.94, 1.06) 0.90 (0.80, 1.01) 1.01(0.90, 1.13) 1.00 0.90(0.79, 1.03) 0.91(0.81,1.02) 1.05(0.99,1.11) 1.00(0.99, 1.02)
Pooled? 1.02(0.99,1.06) 0.96 (0.9, 1.03) 0.95(0.89, 1.01) 1.00 1.05(0.98,1.14) 1.01(0.94, 1.09) 1.08 (1.05,1.12) 0.03 1.01(1.00, 1.03)
Tea €1 serving/day
NHSP 3495/177,247 255/12,515 484/21,256 7288/397,330 417/26,195 184/11,547 3,170/196,493
Model 2¢ 1.02 (0.97,1.07) 0.94 (0.82,1.07) 1.11(1.01,1.22) 1.00 0.93 (0.84,1.03) 0.85(0.73,0.99) 0.93(0.89,0.97) 0.96 (0.95,0.98)
HPFS® 1726/75,078 132/5679 269/11,771 4892/233,143 273/13,577 126/6,160 1,570/78,156
Model 2¢ 1.05(0.98,1.12) 0.88(0.73,1.05) 1.07 (0.94,1.21) 1.00 0.99(0.87,1.12) 0.90 (0.75, 1.08) 0.99 (0.93,1.05) 0.98 (0.95, 1.00)
Pooled? 1.03(0.99,1.07) 0.94(0.85,1.04) 1.10(1.02,1.18) 1.00 0.95(0.88,1.03) 0.87(0.78,0.98) 0.95 (0.92, 0.98) <0.0001 0.97 (0.95, 0.98)
Grapefruit and grapefruit juice
NHSP 1964/118,026 253/20,041 1114/62,321 10,762/547,361 280/20,955 114/9472 806/64,407
Model 2¢ 0.95(0.88,1.01) 0.94 (0.82, 1.06) 1.03(0.97,1.10) 1.00 1.18(1.05, 1.34) 1.19(0.99, 143) 1.04(0.97,1.13) 1.06 (1.02, 1.10)
HPFS® 1488/57,102 131/7765 505/24,566 5617/272,260 210/12,091 99/5824 938/43,958
Model 2¢ 1.00(0.92, 1.08) 0.96 (0.80, 1.15) 1.03(0.94,1.14) 1.00 1.19(1.03,1.38) 0.97(0.79,1.19) 1.08 (1.00, 1.16) 1.04 (1.00, 1.09)
Pooled? 0.97 (0.92,1.02) 0.94(0.84,1.04) 1.03(0.98,1.09) 1.00 1.19(1.08,1.30) 1.10(0.96, 1.27) 1.06 (1.01,1.12) 0.0002 1.06 (1.03, 1.09)
Red wine
NHS® 672/37,113 219/13,187 13,481/717,922 173/15,856 748/58,505
Model 2¢ 1.00 (0.90, 1.11) 0.92 (0.80, 1.05) 1.00 0.84(0.72,0.99) 0.88(0.81,0.96) 0.96 (0.91, 1.00)
HPFS® 796/30,425 179/6,864 6889/313,529 172/11,094 952/61,654
Model 2¢ 1.04 (0.95,1.15) 1.15(0.99, 1.34) 1.00 0.88(0.75, 1.03) 0.91 (0.84,0.98) 0.96 (0.93, 1.00)
Pooled” 1.02(0.95,1.10)  1.01(0.91,1.12) 1.00 0.86 (0.77,0.96) 0.89 (0.84, 0.95) 0.006 0.96 (0.93, 0.99)
Strawberry (fresh, frozen or canned)
NHS® 1148/58,820 642/23,736 11,607/657,567 423/21,245 1473/81,215
Model 2¢ 1.09 (1.00, 1.18) 1.12(1.04,1.22) 1.00 1.02(0.92,1.12) 1.05 (1.00, 1.12) 0.99 (0.94, 1.04)
HPFS® 402/16,312 201/7,525 7226/358,344 239/10,439 920/30,946
Model 2¢ 0.93(0.81, 1.06) 1.11(0.96, 1.29) 1.00 1.01(0.88,1.15) 1.11(1.03,1.20) 1.09(1.02,1.16)
Pooled? 1.04(0.97,1.12) 1.12(1.04, 1.20) 1.00 1.01(0.94,1.10) 1.07(1.03,1.12) 0.19 1.03 (0.99, 1.07)
Onion (raw or cooked)
NHS® 1766/99,802 1063/56,193 11,405/612,615 248/15,510 811/58,464
Model 2¢ 1.00 (0.95, 1.05) 1.00 (0.93, 1.06) 1.00 1.13(1.00, 1.28) 1.08 (1.00, 1.16) 1.05 (1.00, 1.09)
HPFSP 968/36,949 236/11,251 6123/306,015 340/17,304 1321/52,047
Model 2¢ 0.98 (0.89, 1.08) 0.93(0.81,1.06) 1.00 0.95 (0.85, 1.06) 1.04 (0.98,1.11) 1.05 (0.99, 1.10)
Pooled? 0.99(0.94,1.04) 0.98 (0.92, 1.04) 1.00 1.03(0.95,1.12) 1.06(1.01,1.11) 0.007 1.05(1.01, 1.08)
Peppers
NHS® 2239/117,437 579/20,356 10,764/575,134 265/16,902 1446/112,754

Model 2¢ 1.14(1.07,1.22) 1.21(1.12,1.32) 1.00 1.00(0.88,1.13) 0.93(0.88,0.98) 0.88 (0.84,0.92)
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Table 2 (continued)

8-year change in intake levels, servings/week

Decrease Increase
>2 1-1.99 0.5-0.99 No change (+0.49)  0.5-0.99 1-1.99 >2 Pirend Every 3.5
servings/week
change®
HPFS? 1177/46,636 189/7133 6295/299,699 184/10,711 1143/59,416
Model 2 1.03(0.95,1.12) 0.97(0.83,1.12) 1.00 1.06 (0.91, 1.24) 0.96 (0.90, 1.03) 0.97 (0.92,1.02)
Pooled? 1.10(1.05,1.16)  1.15(1.07,1.24) 1.00 1.02(0.93,1.12)  0.94(0.90, 0.98) <0.0001 0.91(0.88, 0.95)
Grape and raisin
NHS? 1576/79,843 593/30,650 10,839/599,807 645/36,896 1640/95,387
Model 2 1.00 (0.95, 1.06) 0.96 (0.89, 1.04) 1.00 0.95 (0.88, 1.03) 0.93(0.88,0.98) 0.95 (0.92,0.99)
HPFSP 1,185/45,439 236/10,302 5923/299,458 253/11,719 1391/56,648
Model 2¢ 1.05(0.97,1.13) 0.99 (0.87,1.13) 1.00 1.12(0.98,1.27) 1.05(0.99, 1.12) 1.00 (0.96, 1.04)
Pooled 1.02(0.97,1.07) 0.98(0.91,1.05) 1.00 1.00(0.93,1.07)  0.98 (0.94, 1.02) 0.048 0.97 (0.95, 1.00)

2 All hazard ratios (95% confidence intervals) were calculated using Cox proportional hazard models. HPFS, Health Professionals Follow-up Study; NHS, Nurses'Health Study
b Cases/person-years

“Model 2 was adjusted for age, time periods, ethnicity, change in smoking status, a family history of myocardial infarction, diabetes and cancer, multivitamin use, aspirin
use, history of hypertension, hypercholesterolemia, and diabetes, baseline physical activity, change in physical activity, baseline BMI, change in BMI, baseline intakes of the
exposure variable, and both baseline and change in intakes of alcohol, total energy, meat, nuts, saturated fat, polyunsaturated fat, trans-fat, cereal fibre, and soft drink

9 Results of Model 2 from both cohorts were pooled using a fixed-effects meta-analysis
€ Except for tea, where the hazard ratio (95% Cl) is presented for an 8-year change in intake of 1 serve per day

risk of mortality and for both strawberries and oranges and citrus, grapefruit in particular, may be explained
the test for trend was not statistically significant; thus, by other, non-beneficial, properties of the citrus fruits
findings are less convincing and may be due to chance, and juices, namely the high glycaemic load of juice [28]
particularly given the large number of statistical tests and the known interaction between grapefruit and drug
undertaken. The differential associations for blueberries  metabolism [29]. Regarding flavonoid-rich vegetables, a

Per 3 servings/day Adjusted
change Hazard Ratio [95% ClI]
All-cause mortality o 0.92[0.89-0.96]
Cardiovascular mortality o 0.94 [0.87-1.02]
Cancer mortality e 0.99 [0.92-1.06]
Respiratory mortality —eo— 0.90 [0.79-1.04]
Neurological mortality —o—i 0.87 [0.79-0.97]
T T 1
0.5 1 1.5

0Odds Ratio [95% CI]

Fig. 1 Associations between 8-year change in flavodiet score and both all-cause and cause-specific mortality. Hazard ratios and 95%

confidence intervals were obtained from a pooled analysis (fixed-effects meta-analysis) of the Nurses'Health Study and the Health Professionals
Follow-up Study and are presented for an 8-year change in intakes of + 3 servings/day. Analyses are adjusted for age, time periods, ethnicity,
change in smoking status, a family history of myocardial infarction, diabetes and cancer, multivitamin use, aspirin use, history of hypertension,
hypercholesterolemia, and diabetes, baseline physical activity, change in physical activity, baseline BMI, change in BMI, baseline intakes of each
flavonoid-rich food combined to create the flavodiet score, and both baseline and change in intakes of alcohol, total energy, meat, nuts, saturated
fat, polyunsaturated fat, trans-fat, cereal fibre, and soft drink
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Table 3 Associations between all-cause and cause-specific mortality (hazard ratios, 95% confidence intervals)® and 8-year change in

flavodiet score

8-year change in intake levels, serving/wk

Decrease Increase
7.0 or more 4.0-6.9 1.0-3.9 No change (+0.9) 1.0-3.9 4.0-6.9 7.0 or more Pirend
All-cause mortality
NHS
Model 2° 1.10(1.03,1.17) 1.01(0.94, 1.08) 0.96 (0.91,1.01) 1.00 0.95(0.90,1.01)  0.97(0.91,1.03) 0.95(0.90, 1.01)
HPFS
Model 2° 1.11(1.02,1.21) 1.00 (0.91, 1.09) 0.90 (0.83,0.97) 1.00 0.99 (0.92, 1.06) 0.99 (091, 1.07) 0.98 (0.91, 1.06)
Pooled® 1.10(1.05,1.16)  1.00(0.95,1.06) 0.94(0.90,0.98) 1.00 0.97 (0.93,1.01) 0.97(0.92,1.02) 0.96 (0.92,1.01) <0.0001
Cardiovascular mortality
NHS
Model 2° 1.09 (0.95, 1.24) 0.98 (0.85, 1.12) 1.02 (091, 1.14) 1.00 0.91(0.80, 1.02) 0.96 (0.84,1.10) 0.94 (0.84,1.07)
HPFS
Model 2° 1.13(0.96,1.32) 1.09(0.92,1.28) 0.93(0.81, 1.06) 1.00 1.00 (0.87,1.14) 1.12(0.97,1.30) 1.01(0.88,1.16)
Pooled® 1.10(0.99,1.22) 1.02(0.92,1.14) 0.98(0.90,1.07) 1.00 0.94(0.86,1.03) 1.03(0.93,1.14) 0.97(0.89,1.07) 0.11
Cancer mortality
NHS
Model 2° 0.99(0.87,1.14) 1.03(0.90, 1.18) 0.94 (0.84,1.05) 1.00 1.01 (0.91,1.13) 0.96 (0.84,1.10) 0.97 (0.86, 1.09)
HPFS
Model 2° 1.01(0.85,1.19) 0.85(0.71,1.01) 0.78 (0.67,0.90) 1.00 095(0.83,1.08)  0.94(0.80, 1.09) 0.92 (0.80, 1.05)
Pooled® 1.00(0.90,1.11)  0.96 (0.86,1.07) 0.87 (0.80,0.95) 1.00 0.98 (0.90, 1.07) 0.95(0.86,1.05) 0.95(0.87,1.03) 0.73
Respiratory mortality
NHS
Model 2° 1.15(0.93,1.43) 1.05(0.84,1.31) 0.87(0.72,1.04) 1.00 0.90 (0.76, 1.08) 1.18(0.96, 1.45) 1.01(0.83,1.22)
HPFS
Model 2° 1.30(0.94,1.78) 0.94(0.67,1.32) 1.03(0.79,1.34) 1.00 097(0.74,1.27)  0.92(0.66, 1.26) 1.00 (0.76, 1.31)
Pooled® 1.20(1.00, 1.44) 1.01(0.84,1.22) 0.92(0.79,1.07) 1.00 0.92(0.79,1.08) 1.09(0.92,1.30) 1.00(0.86,1.18) 0.15
Neurological mortality
NHS
Model 2° 1.09 (0.94, 1.28) 0.93(0.79,1.07) 0.98 (0.86,1.12) 1.00 0.93(0.81,1.06)  0.91(0.77,1.07) 0.98(0.85,1.13)
HPFS
Model 2° 1.33(1.01,1.77) 0.97(0.72,1.31) 0.90 (0.70, 1.15) 1.00 1.09 (0.86, 1.37) 0.84(0.63,1.12) 0.92(0.71,1.18)
Pooled® 1.14(1.00,1.31)  0.94(0.81,1.08) 0.96 (0.86,1.08) 1.00 0.97 (0.86,1.09) 0.89(0.78,1.03) 0.97(0.85,1.09) 0.012

2 All hazard ratios (95% confidence intervals) were calculated using Cox proportional hazard model. HPFS, Health Professionals Follow-up Study; NHS, Nurses’ Health

Study

b Model 2 was adjusted for age, time periods, ethnicity, change in smoking status, a family history of myocardial infarction, diabetes and cancer, multivitamin use,
aspirin use, history of hypertension, hypercholesterolemia, and diabetes, baseline physical activity, change in physical activity, baseline BMI, change in BMI, baseline
intakes of each flavonoid-rich food combined to create the flavodiet score, and both baseline and change in intakes of alcohol, total energy, meat, nuts, saturated fat,

polyunsaturated fat, trans-fat, cereal fibre, and soft drink

€ Results of model 2 from both cohorts were pooled using a fixed-effects meta-analysis

3.5 servings per week increase in onion intake was asso-
ciated with a 5% higher risk of mortality while the same
increase in intakes of peppers was associated with a 9%
lower risk of all-cause mortality. As onions and pep-
pers are rarely eaten in isolation, their health effects are
inherently difficult to disentangle from effects of the
whole meal in an observational setting and the observed
associations should be interpreted with caution. Asso-
ciations observed in the present study are comparable
to those reported previously for the NHS II cohort of

younger females, where frequent consumers of blueber-
ries, peppers, red wine and tea had a lower risk of mortal-
ity while grapefruit consumers were at a higher risk [4].
Conversely, no association was observed between onion
intakes and mortality in the NHS II. Plant-derived bev-
erages are also an important dietary source of bioactive
compounds including flavonoids. In our pooled analyses,
increases in tea and red wine intakes were inversely asso-
ciated with all-cause mortality risk, in line with findings
from previous meta-analyses [30, 31]. Based on findings
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from both epidemiological and interventional studies, a
small to moderate intake of red wine daily is thought to
be cardioprotective, with evidence of a synergistic effect
between the polyphenols and the ethanol found in red
wine [32]. However, alcohol is also a major risk factor for
global disease and economic burden [33]. Taken together,
findings from the present study suggest that increas-
ing intakes of particular flavonoid-rich foods, even in
mid-life, may possibly have a real impact on risk of early
mortality.

For the flavodiet score, we showed that an achievable
three servings/day increase in intake of flavonoid-rich
foods (for example one cup of tea, one serving of blue-
berries and one glass of red wine) was associated with an
8% lower risk of all-cause mortality in our multivariable-
adjusted pooled analysis. This appeared to be driven by
an increase in risk seen for participants with the great-
est decreases in flavodiet score. To date, a wealth of evi-
dence suggests that increased intakes of flavonoid-rich
foods, including tea and berries, and several sub-classes
of flavonoids, are inversely associated with biomarkers
and risk of cardiovascular disease [3, 5, 30]. The most
commonly investigated role for flavonoids in in vitro and
animal studies relates to their potential cardioprotec-
tive role including regulation of nitric oxide synthase,
COX-2 expression, and platelet aggregation [6]. The lack
of association between an increase in the flavodiet score
and cardiovascular mortality was therefore surprising
but may be explained by the diversity of foods, and their
flavonoid composition, within the flavodiet score, not all
of which may be cardioprotective. As well as for cardio-
vascular disease, chronic inflammation plays a key role in
respiratory and neurodegenerative disease [34] and many
flavonoid metabolites have been shown to interact with
chronic inflammatory disease at a molecular level and
modulate the response of key enzymes and cell-signalling
cascades [6, 34, 35]. In population-based studies, a higher
habitual intake of several flavonoids, including antho-
cyanins and flavonols, was associated with a lower level
of inflammation [36, 37]. This may explain the observa-
tion in the present study that an increase of three serv-
ings/day of the flavodiet score was associated with a 13%
lower risk of mortality from neurological causes and a
10% lower risk of respiratory mortality, although the lat-
ter did not reach statistical significance. As for all-cause
mortality, this appeared to be driven by the higher risk of
mortality from neurological causes seen for participants
with the greatest decreases in flavodiet score. The limited
data in human studies suggest that higher habitual flavo-
noid intakes are positively associated with lung function
[38, 39] and we have recently shown that higher flavonoid
intakes are inversely associated with incident COPD in
current and former, but not in never, smokers [40]. While
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we observed that a decrease in flavodiet score was asso-
ciated with an increased risk of mortality in the present
study, we observed no interaction with smoking status.
There is more evidence for a protective role of flavonoids
in the development of neurological diseases [41] with
mechanisms including a reduction in reactive oxygen
species and amyloid beta-protein production [42]. Recent
data also suggest that higher intake of flavonoids and fla-
vonoid-rich foods are associated with a lower risk of Alz-
heimer’s, dementia, and Parkinson’s disease [43—-46] but
our data are the first to suggest that increasing intakes in
mid-life can reduce risk of neurological death. Although
we include a lag time of 2 years, we cannot discount the
possibility that observed associations may be attributed
to reverse causation, in particular, that a higher risk of
neurological death may be linked to a decrease in intakes
of flavonoid-rich foods. This is plausible because changes
in diet due to neurologic degenerative diseases may occur
many years before death and previous research reports
that individuals with Alzheimer’s disease and dementia,
which make up a large proportion of neurological deaths,
have accelerated weight loss [47], malnutrition [48], and
food preferences for sweet and salty foods [49]. However,
we also report a lower risk of neurological death with an
increase in intakes of flavonoid-rich foods, a finding less
susceptible to reverse causation when the comparator is
those whose intakes did not change.

Strengths of this study include the prospective design,
large sample size with long-term follow-up, repeated
measures of dietary intake which allowed us to calculate
the updated 8-year change in intakes, and detailed data
on important risk factors and confounders. A potential
limitation of the flavodiet score is the variability in the
flavonoid composition between the seven foods and bev-
erages. However, our analyses focus on flavonoid-rich
foods and a flavodiet score, rather than specific flavo-
noid sub-classes and a weighted score, so that the public
health relevance of the findings can be fully appreciated.
While we have focussed on flavonoid-rich foods and bev-
erages, we cannot rule out that the observed associations
may be due to other constituents found in the whole food
or to other uncaptured factors in the meal context. Fur-
thermore, other flavonoid-bearing foods, such a dark
chocolate and herbs, and detailed information on factors
that influence a foods’ flavonoid content, such as plant
variety, growing, storage, processing and cooking meth-
ods [50], were not captured in all FFQs. Although we
adjusted for a wide range of possible confounders, there
is still the possibility of residual confounding from addi-
tional unmeasured factors. However, given our detailed
and updated adjustment for potential confounders, it is
unlikely that these would account fully for the observed
results. Furthermore, due to the observational nature
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of this study, we cannot conclude that observed asso-
ciations are causal. Findings require replication in other
populations; while the NHS and HPFS have high internal
validity owing to the health knowledge and commitment
to research of the participants [51], these two cohorts
are not representative of the general population as they
include only nurses or health professionals and par-
ticipants were mostly Caucasian. Finally, because of the
potential for reverse causation to influence these find-
ings, further studies of these relationships are needed.

Conclusions

Altogether, findings from the present study suggest that
not all flavonoid-rich foods are equal. Our novel data
suggests that increasing intakes of specific flavonoid-rich
foods, namely tea, blueberries, red wine and peppers,
even in middle age, may reduce mortality risk.
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