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Abstract

Purpose—To examine if dietary intake of foods rich in flavonoids, which have been shown to be
inversely associated with chronic diseases, is associated with inflammatory processes.

Methods—This analysis includes controls of case-control studies nested within the Multiethnic
Cohort (MEC) who completed a validated food frequency questionnaire at cohort entry.
Biomarkers were assessed in blood donated during follow-up (mean=9.6 years). We used
multivariate linear regression adjusted for potential confounders to estimate associations between
intake of flavanones, flavonols, and isoflavones and levels of adiponectin, leptin, C-reactive
protein, interleukin (IL)-1B, IL-6, IL-10 and tumor necrosis factor-c.

Results—Among the 1,287 participants, the respective median intakes of flavanones, flavonols,
and isoflavones were 26.5, 12.4, and 1.3 mg/day at cohort entry. With the exception of flavanone
intake, which was statistically significantly inversely associated with adiponectin (p=0.01) and
IL-6 concentrations (p=0.01), none of the examined flavonoids was related with levels of
adipokines or inflammatory markers. Heterogeneity by ethnicity was only observed for flavonol
intake and IL-10 (Pinteraction=0.04) and may be the result of multiple testing. These null findings
were confirmed in a subset of participants who completed a second dietary history within 2.6 years
of blood draw.

Conclusion—The current results do not support a consistent association between dietary intake

of flavonoids and markers of inflammatory processes.
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Introduction

Inflammatory processes are involved in cancer development and progression [1, 2]. Thus,
factors that influence these processes, such as nutrients with antioxidant capacity, may
potentially influence cancer risk. Polyphenols are antioxidants found in abundance in fruits,
vegetables, cereals, dry legumes, chocolate, and beverages, such as tea, coffee, or wine [3].
Flavonoids, a subgroup of polyphenols, are classified into the main sub-groups of flavonols,
flavones, flavanols, flavanones, isoflavones, lignans, anthocyanins and proanthocyanins [4].
Whereas experimental studies on animals or cultured human cell lines support a role of
flavonoids in the prevention of cancers, the associations in human studies are less clear,
although some studies support their association with the risk of certain types of cancer [5, 6].
For example, in a lung cancer case-control study conducted in Hawaii, foods rich in
quercetin (onions and apples) and naringenin (white grapefruit) were inversely associated
with risk for certain forms of lung cancer [7]. In the Multiethnic Cohort (MEC), total
flavonol intake, and in particular, kaempferol, was inversely related to pancreatic cancer [8],
and total intake of isoflavones, as well as the intake of daidzein and genistein individually,
were related to a lower endometrial cancer risk [9]. Although it has been speculated that
flavonoids might influence cancer risk via effects on inflammation [10], so far only a few
investigations have examined the associations of flavonoid intake with markers of
inflammation. The results are rather heterogeneous depending on the flavonoids and the
inflammatory markers examined, as well as on the type of study [11-19]. Almost all studies
that analyzed the associations between flavonoids and inflammation have been conducted in
white populations; only studies based on the National Health and Nutrition Examination
Survey (NHANES) included non-Hispanic Blacks and Mexican-Americans but without
reporting results by race/ethnicity [16, 17]. The MEC offers a good opportunity to
investigate whether associations between intake of flavonoids and inflammatory markers in
blood differ across ethnic groups, in particular in whites and Asians given their diverse
dietary habits and patterns of flavonoid intake. Specifically, we examined the intake of
isoflavones, found mainly in soy foods, flavonols (kaempferol, quercetin, myricetin,
commonly found in onions and apples), and flavanones (naringenin and hesperitin as found
in citrus fruits), which were currently available in our food composition database.

Material and methods

Study participants

The MEC is a longitudinal study designed to investigate the association of dietary, lifestyle,
and genetic factors with the incidence of cancer. The cohort was established in Hawaii and
Los Angeles in 1993-1996 [20]. Individuals from 5 major ethnic groups (whites, Japanese
Americans, Latinos, African Americans, and Native Hawaiians) were identified primarily
through driver’s license files, but also through voter registration lists in Hawaii and Medicare
files in California. A total of 215,251 men and women aged 45 to 75 years were included at
baseline [20]. All participants completed a self-administered questionnaire on diet,
anthropometric measures, medical history, and lifestyle. A MEC biospecimen subcohort was
established in 2001-2006 by asking surviving cohort members to provide blood and urine
specimens [21]. In total, 67,594 cohort members, broadly representative of the full cohort,
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contributed to the biorepository. During 2003—-2007, a full questionnaire (Qx3) was
completed by approximately 50% of cohort members. The study protocol was approved by
the Institutional Review Boards of the University of Hawaii and the University of Southern
California.

Dietary assessment

A validated food frequency questionnaire (FFQ) was used to assess the participants' habitual
diet in the past year [22]. For selected macro- and micronutrients, the correlations with 24-
hour recalls were highly satisfactory after energy adjustment, but individual foods and
nutrients such as flavonoids were not validated separately [22]. Based on FFQ information,
daily intake of selected flavonoids and total energy intake were computed using a food
composition table developed and maintained by the University of Hawaii Cancer Center
[23]. It includes primarily information from the U.S. Department of Agriculture but also
measurements performed at our institution. For a subset of study participants, updated diet
information was collected by FFQ as part of Qx3. Flavonoids that were available in the
nutritional database included flavonols (kaempferol, quercetin, myricetin), flavanones
(naringenin glycosides, hesperitin glycosides), and isoflavones (genistein, dadzein,
glycitein), all measured as glycosides [24, 25]. Other flavonoids were not available at this
time and therefore not included in the current analysis. To assess diet quality, the Health
Eating Index 2010 was computed for study participants as described previously [26].

Laboratory assays

To evaluate the association between polyphenol intake and serum concentrations of selected
adipokines and inflammatory markers, we included 1287 controls from nested case-control
studies on non-Hodgkin lymphoma [27] and breast cancer [28]. Several adipokines and
inflammatory markers were measured in these studies, including pro-inflammatory
cytokines (interleukin [IL]-1 B, IL-6, IL-10, and tumor necrosis factor [TNF]-a), C-reactive
protein (CRP), leptin, and adiponectin. All assays were performed by the Analytical
Biochemistry Shared Resource at the University of Hawaii Cancer Center following the
manufacturer's protocol unless noted otherwise [27, 28]. Frozen serum samples were
retrieved from the MEC biorepository and analyzed in duplicate to quantify leptin and
adiponectin using a double-antibody enzyme-linked-immunosorbent-assay (R&D Systems,
Minneapolis, MN, U.S.A.). CRP was assessed using a Cobas MiraPlus clinical chemistry
analyzer (Roche Diagnostics, Indianapolis, IN) and a latex particle enhanced
immunoturbidimetry-based kit from Pointe Scientific (Lincoln Park, MI). TNF-a, IL-1p,
IL-6, and IL-10 were included in a Luminex panel, measured using a modification of an
Invitrogen (Carlsbad, CA) magnetic high sensitivity 10-plex assay (LHC0001), and
quantified on a Luminex 200 plate reader. Intra-batch coefficients of variation based on 96
blinded duplicate and 9 triplet samples for leptin, adiponectin, CRP, TNF-a, IL-1p, IL-6 and
IL-10 were 3.4-6.4%, 2.5-9.4%, 3.5-5.0%, 10.0%, 20.9%, 8.9%, and 7.8% respectively [27,
28].

Statistical analysis

Since dietary intake variables and serum biomarkers were not normally distributed, these
variables were log-transformed to satisfy model assumptions. We used linear regression
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analysis to compute covariate-adjusted geometric mean concentrations of inflammatory
markers and adipokines by tertiles of flavonoid (flavanones, flavonols, and isoflavones)
intake. To evaluate trends, we modeled the flavonoids as log-transformed continuous
variables. In all models, we took into account age at blood draw, sex, ethnicity, study
indicator (breast or NHL), season of blood draw (October-March or April-September), total
energy intake (log-transformed, continuous), body mass index (BMI, kg/m2, continuous,
log-transformed), smoking status (never, past, current), physical activity (< vs. =1/2 hour
moderate/vigorous activity per day), alcohol intake (<1 drink/month, =1/month and <1/day,
>1/day), and the Healthy Eating Index 2010 [26]. The models were also tested for
interaction of flavonoids with ethnicity. Ethnic-specific analyses were conducted when a
significant interaction term was detected. For 957 cohort members with Qx3 data, the
overall models were repeated to examine if diet closer to blood draw results in different
findings. All analyses were performed with SAS software, version 9.3 (SAS Institute Inc.,
Cary, North Carolina).

Of 1,287 study participants, 960 (74.6%) were female and 327 (25.4%) were male. The
mean age at blood collection was 68.9 years, with men being slightly older than women.
Approximately 25% of the participants were white, 32% Japanese American, 20% Latino,
16% African American, and 8% Native Hawaiian (Table 1). Mean time from cohort entry to
blood draw was 9.6 years. Almost 50% of blood samples were collected during winter
months. The prevalence of smoking at cohort entry was generally low, but differed among
ethnic groups with the highest prevalence among African Americans (15.5%) and the lowest
in Japanese Americans (6.3%). Median intakes of flavanones, flavonols, and isoflavones
were 26.5, 12.4, and 1.3 mg/day, respectively. Intake of flavonols was similar across ethnic
groups, whereas isoflavones and flavanone intake varied widely. Serum concentrations of
inflammatory markers and adipokines also differed considerably across ethnic groups, with
generally highest concentrations of inflammatory markers in African Americans and the
lowest in Japanese Americans; the same was true for leptin levels.

None of the flavonoids available for analysis was statistically significantly associated with
serum concentrations of adipokines or inflammatory markers (Table 2) with the exception of
flavanone intake, which was statistically significantly inversely associated with adiponectin
(p=0.01) and IL-6 concentrations (p=0.04). When we examined the relation of flavonoids
with adipokines and inflammatory markers by ethnic group, we generally observed no
significant associations with the exception of statistically significant effect modification of
the association between flavonol intake and IL-10 concentration (Pinteraction= 0.04), but the
association between flavonol intake and IL-10 concentration was not statistically significant
in any racial/ethnic group after stratification (data not shown).

The mean time between Qx3 and blood draw was 2.0+2.6 years for the 957 participants who
completed Qx3; of these 861 donated blood before and 114 after Qx3. Median intakes at
Qx3 were estimated as 17.0 (Q1, Q3: 5.2, 45.9) mg for flavanones, 12.9 (7.6, 19.6) mg for
flavonols, and 3.3 (0.9, 8.8) mg for isoflavones. The values at cohort entry and Qx3 were
significantly correlated (p<0.0001 for all): flavonols (rs=0.49), flavanones (rs=0.43), and
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isoflavones (r;s=0.58) despite the differences in medians. Diet quality as indicated by the
HEI-2010 increased slightly from 69.8 to 74.4 from Qx1 to Qx3 and the correlation was
comparable to the flavonoids (r¢=0.49; p<0.0001). Using Qx3 data, the associations in the
overall models were null for all models, even the p-values for trend of flavanones with
adiponectin and IL-6 concentrations were non-significant (p=0.12 and 0.22, respectively).
Geometric mean concentrations by tertiles of flavanone intake were 7.9, 8.0, and 8.5 pg/mL
for adiponectin and 3.3, 3.2 and 3.1 pg/mL for IL-6 (data not shown).

Discussion

In this multiethnic US cohort, dietary intake of different classes of flavonoids, i.e.,
flavanones, flavonols and isoflavones, measured at two points in time was generally not
associated with circulating concentrations of adipokines and inflammatory markers. Very
few statistically significant associations were detected, but there was no systematic pattern.
Therefore, the multiple comparisons probably led to a few chance findings. Using dietary
intake data closer to the blood draw (2 instead of 9 years) did not change the results
substantially.

Although flavonoids have been shown to be associated with inflammatory processes in vitro
and in vivo [10], only a few epidemiological studies examined the associations of flavonoid
intake with inflammation and reported significant associations in contrast to the current
findings. In NHANES, intake of flavonols was inversely associated with CRP concentration,
but there was no association with intake of flavanones [11]. In a UK study, intake of
flavanones and flavonols was not associated with serum concentrations of adiponectin and
CRP in a group of women aged 18-76 years [12]. In the Nurses' Health Study, intake of
flavanones was related to lower IL-18 concentration and intake of flavonols with lower
concentration of soluble vascular cell adhesion molecule-1, but neither flavanone intake nor
flavonol intake was associated with concentrations of CRP, soluble tumor-necrosis factor-2
(STNF-2), or I1L-6 [13]. In the Women's Health Study, intake of flavonols was not associated
with plasma concentrations of CRP or IL-6 [14].

Our results on soy isoflavones that may act as weak estrogens, antioxidants and/or anti-
inflammatory agents [29] also disagree with published evidence. Dietary isoflavone intake
was inversely associated with concentration of CRP in two reports [15, 30]; in NHANES,
higher urinary excretion of isoflavones was related to lower CRP concentration and lower
white blood cell count [16]. However, the results of intervention trials with isoflavones (as
reviewed in Ref.[16]) and lignans [18, 19] were heterogeneous. In contrast to isoflavones,
which are more common in Asian diets, lignans, another group of phytoestrogens, are
predominantly part of Western diets. Only one study, also conducted in NHANES, examined
the association of lignan excretion with inflammatory markers and described an inverse
association with concentrations of CRP and white blood cell count [17].

Strengths of this study include its multiethnic population and the population-based design.

This allows for generalization of our results to non-white populations. Some limitations need
to be taken into account. First, blood samples were taken approximately 9 years after cohort
entry, but the associations remained null in a subset of participants who provided an updated
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diet history within 2 years of the blood draw, however, mostly after the blood draw. As
indicated by the correlations of the flavonoid values and the diet quality indicator (Hei-2010)
between Qx1 and Qx3, dietary intake remained fairly stable over time, an observation that
agrees with reports that dietary habits in adults usually do not change much, even over
longer periods of time [31]. Second, we did not have data on the intake of lignans and other
flavonoids available in our database. Third, isoflavones are metabolized into more active
components by gut microbiota, the patterns of which differ across individuals [32]. For this
reason and because circulating concentrations are independent of measurement errors due to
imprecise dietary assessment and databases [33], measuring circulating concentrations of
isoflavones and other flavonoids as biomarkers might provide a better assessment of active
components than estimating dietary intake [34, 35]. However, it has been shown that FFQs
provide a reasonable estimate of true biological exposure [36, 37]. Other weaknesses include
the lack of a better measure for visceral fat than BMI, e.g., waist-hip ratio, which was not
available. It is worthwhile to conduct similar analyses as our but with measured intake and
circulating concentrations of flavonoids in order to (a) examine the association between
intake and metabolism and (b) address the effect on inflammation.

In conclusion, our FFQ-based results do not indicate that the habitual dietary intake of
certain groups of flavonoids, including isoflavones, affects circulating concentrations of
adipokines and cytokines in this population-based cohort of older adults with different ethnic
backgrounds. Due to the possible role of the gut microbiome in polyphenol metabolism [32],
very short-term exposure may be the most relevant to answer this question, In that case,
possible associations need to be examined when the time period between diet history and
blood draw is much shorter than in the current investigation.

Acknowledgments

The Multiethnic has been supported by grants R37CA54281 (P1: LN Kolonel), P01 CA 033619 (PI: LN Kolonel),
and UM1CA164973 (Pls: L Le Marchand/LR Wilkens/BE Henderson) from the National Cancer Institute.

References

1. Candido J, Hagemann T. Cancer-Related Inflammation. Journal of Clinical Immunology. 2013;
33:79-84.

2. Coussens LM, Werb Z. Inflammation and cancer. Nature. 2002; 420:860—7. [PubMed: 12490959]

3. Scalbert A, Manach C, Morand C, Rémésy C, Jiménez L. Dietary Polyphenols and the Prevention of
Diseases. Critical Reviews in Food Science and Nutrition. 2005; 45:287-306. [PubMed: 16047496]

4. Manach C, Scalbert A, Morand C, Remesy C, Jimenez L. Polyphenols: food sources and
bioavailability. Am J Clin Nutr. 2004; 79:727-47. [PubMed: 15113710]

5. Ravishankar D, Rajora AK, Greco F, Osborn HM. Flavonoids as prospective compounds for anti-
cancer therapy. Int J Biochem Cell Biol. 2013; 45:2821-31. [PubMed: 24128857]

6. Romagnolo DF, Selmin Ol. Flavonoids and cancer prevention: a review of the evidence. J Nutr
Gerontol Geriatr. 2012; 31:206-38. [PubMed: 22888839]

7. Le Marchand L. Cancer preventive effects of flavonoids--a review. Biomed Pharmacother. 2002;
56:296-301. [PubMed: 12224601]

8. Nothlings U, Murphy SP, Wilkens LR, Henderson BE, Kolonel LN. Flavonols and pancreatic cancer
risk: the multiethnic cohort study. Am J Epidemiol. 2007; 166:924-31. [PubMed: 17690219]

Cancer Causes Control. Author manuscript; available in PMC 2019 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Rohrmann et al.

Page 7

9. Ollberding NJ, Lim U, Wilkens LR, Setiawan VW, Shvetsov YB, et al. Legume, soy, tofu, and

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

isoflavone intake and endometrial cancer risk in postmenopausal women in the multiethnic cohort
study. J Natl Cancer Inst. 2012; 104:67—76. [PubMed: 22158125]

10.

Gupta SC, Tyagi AK, Deshmukh-Taskar P, Hinojosa M, Prasad S, et al. Downregulation of tumor
necrosis factor and other proinflammatory biomarkers by polyphenols. Arch Biochem Biophys.
2014; 559:91-9. [PubMed: 24946050]

Chun OK, Chung SJ, Claycombe KJ, Song WO. Serum C-reactive protein concentrations are
inversely associated with dietary flavonoid intake in U.S. adults. J Nutr. 2008; 138:753-60.
[PubMed: 18356331]

Jennings A, Welch AA, Spector T, Macgregor A, Cassidy A. Intakes of anthocyanins and flavones
are associated with biomarkers of insulin resistance and inflammation in women. J Nutr. 2014;
144:202-8. [PubMed: 24336456]

Landberg R, Sun Q, Rimm EB, Cassidy A, Scalbert A, et al. Selected dietary flavonoids are
associated with markers of inflammation and endothelial dysfunction in U.S. women. J Nutr. 2011;
141:618-25. [PubMed: 21325476]

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-sectional analysis. J Am Coll Nutr. 2005; 24:376-84. [PubMed:
16192263]

Filiberto AC, Mumford SL, Pollack AZ, Zhang C, Yeung EH, et al. Habitual dietary isoflavone
intake is associated with decreased C-reactive protein concentrations among healthy
premenopausal women. J Nutr. 2013; 143:900-6. [PubMed: 23616515]

Nicastro HL, Mondul AM, Rohrmann S, Platz EA. Associations between urinary soy isoflavonoids
and two inflammatory markers in adults in the United States in 2005-2008. Cancer Causes
Control. 2013; 24:1185-96. [PubMed: 23558443]

Eichholzer M, Richard A, Nicastro HL, Platz EA, Linseisen J, et al. Urinary lignans and
inflammatory markers in the US National Health and Nutrition Examination Survey (NHANES)
1999-2004 and 2005-2008. Cancer Causes Control. 2014; 25:395-403. [PubMed: 24463788]

Hallund J, Tetens I, Bugel S, Tholstrup T, Bruun JM. The effect of a lignan complex isolated from
flaxseed on inflammation markers in healthy postmenopausal women. Nutr Metab Cardiovasc Dis.
2008; 18:497-502. [PubMed: 18502107]

Pan A, Demark-Wahnefried W, Ye X, Yu Z, Li H, et al. Effects of a flaxseed-derived lignan
supplement on C-reactive protein, IL-6 and retinol-binding protein 4 in type 2 diabetic patients. Br
J Nutr. 2009; 101:1145-9. [PubMed: 18775100]

Kolonel LN, Henderson BE, Hankin JH, Nomura AM, Wilkens LR, et al. A multiethnic cohort in
Hawaii and Los Angeles: baseline characteristics. Am J Epidemiol. 2000; 151:346-57. [PubMed:
10695593]

Park SY, Wilkens LR, Henning SM, Le Marchand L, Gao K, et al. Circulating fatty acids and
prostate cancer risk in a nested case-control study: the Multiethnic Cohort. Cancer Causes Control.
2009; 20:211-23. [PubMed: 18821021]

Stram DO, Hankin JH, Wilkens LR, Pike MC, Monroe KR, et al. Calibration of the dietary
questionnaire for a multiethnic cohort in Hawaii and Los Angeles. Am J Epidemiol. 2000;
151:358-70. [PubMed: 10695594]

Murphy SP. Unique nutrition support for research at the Cancer Research Center of Hawaii. Hawaii
Med J. 2002; 61:15-7. [PubMed: 11868199]

Franke AA, Hankin JH, Yu MC, Maskarinec G, Low SH, et al. Isoflavone levels in soy foods
consumed by multiethnic populations in Singapore and Hawaii. J Agric Food Chem. 1999;
47:977-86. [PubMed: 10552401]

Franke A, Custer L, Arakaki C, Murphy S. Vitamin C and flavonoid levels of fruits and vegetables
consumed in Hawaii. J Food Comp Anal. 2004; 17:1-35.

Jacobs S, Harmon BE, Boushey CJ, Morimoto Y, Wilkens LR, et al. A priori-defined diet quality
indexes and risk of type 2 diabetes: the Multiethnic Cohort. Diabetologia. 2015; 58:98-112.
[PubMed: 25319012]

Cancer Causes Control. Author manuscript; available in PMC 2019 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Rohrmann et al.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Page 8

Conroy SM, Maskarinec G, Morimoto Y, Franke AA, Cooney RV, et al. Non-hodgkin lymphoma
and circulating markers of inflammation and adiposity in a nested case-control study: the
multiethnic cohort. Cancer Epidemiol Biomarkers Prev. 2013; 22:337-47. [PubMed: 23300021]

Ollberding NJ, Kim Y, Shvetsov YB, Wilkens LR, Franke AA, et al. Prediagnostic Leptin,
Adiponectin, C-Reactive Protein, and the Risk of Postmenopausal Breast Cancer. Cancer
Prevention Research. 2013; 6:188-95. [PubMed: 23466816]

Patisaul HB, Jefferson W. The pros and cons of phytoestrogens. Front Neuroendocrinol. 2010;
31:400-19. [PubMed: 20347861]

Chun OK, Chung SJ, Song WO. Urinary isoflavones and their metabolites validate the dietary
isoflavone intakes in US adults. J Am Diet Assoc. 2009; 109:245-54. [PubMed: 19167951]
Nagel G, Zoller D, Ruf T, Rohrmann S, Linseisen J. Long-term reproducibility of a food-frequency
questionnaire and dietary changes in the European Prospective Investigation into Cancer and
Nutrition (EPIC)-Heidelberg cohort. Br J Nutr. 2007; 98:194-200. [PubMed: 17367573]
Rowland I, Wiseman H, Sanders T, Adlercreutz H, Bowey E. Metabolism of oestrogens and
phytoestrogens: role of the gut microflora. Biochem Soc Trans. 1999; 27:304-8. [PubMed:
10093753]

Lampe JW, Atkinson C, Hullar MA. Assessing exposure to lignans and their metabolites in
humans. J AOAC Int. 2006; 89:1174-81. [PubMed: 16915861]

Maskarinec G, Singh S, Meng L, Franke AA. Dietary soy intake and urinary isoflavone excretion
among women from a multiethnic population. Cancer Epidemiol Biomarkers Prev. 1998; 7:613-9.
[PubMed: 9681530]

Seow A, Shi CY, Franke AA, Hankin JH, Lee HP, et al. Isoflavonoid levels in spot urine are
associated with frequency of dietary soy intake in a population-based sample of middle-aged and
older Chinese in Singapore. Cancer Epidemiol Biomarkers Prev. 1998; 7:135-40. [PubMed:
9488588]

Mennen LI, Sapinho D, Ito H, Bertrais S, Galan P, et al. Urinary flavonoids and phenolic acids as
biomarkers of intake for polyphenol-rich foods. Br J Nutr. 2006; 96:191-8. [PubMed: 16870009]
Perez-Jimenez J, Hubert J, Hooper L, Cassidy A, Manach C, et al. Urinary metabolites as

biomarkers of polyphenol intake in humans: a systematic review. Am J Clin Nutr. 2010; 92:801-9.
[PubMed: 20810980]

Cancer Causes Control. Author manuscript; available in PMC 2019 June 01.



Page 9

Rohrmann et al.

(z9'vo)ee
(995'62) L'0g
(L21'9'9) 98
(#'1'€0) 90
(8v'91)GC
(981'5L) L'TT
(zo'o0) 10
(Lo'zo) €0
(8020 ¥'0
(9T '7'0) 80

(L€'20)G8T
(Ts'z1se
(Tz'90)et
(s21°22) 09
(ov‘om) oz
(881 '5'9) 8°0T
(982 '7'9) €T

0'sy
(9eT'LTT) 8°2T
(8L2'v'2e) Sve
(STT°2'8) T'0T

(092 '0'29) 069

(g9°20)ve
(Tzg'L1T) T°€E
('v1'19)6'6
(60°2°0) S0
(ov'enee
(zoz'e8) 9zt
(T0°'00) T0
(90'z0) v
(L0'z0)vo
(r'1'5°0) 60

(5€'80) LT
rs'sTTE
(9z'r0)vT
(rsT'0e)eL
(6% 'v'1) 52
(z'sT'v'9) 6'6
(z9€ '6°0T) 98T

ey
(YT '0'TT) 0°€T
(T'0g '€'¥e) §'LC
(zot'e)ee

(e'€L ‘ze9) 289

(95'50)8°T
(Lzs'11) 8¢ee
(7'21'99) 68
(e1'€0) 90
(95'ce)se
(96T '2'8) €'€T
(60'€0) ¥'0
(ze'om ot
(8€'2T) 6T
(08'sa)6€

(L€'60)6'T
Lv'zmse
(zz'go)eT
(621'0€) 59
(Tz'voot
(6€T'LY) L'L
(621 '8°5) 0T

9Ly
(ovT'g1T) 0°ET
(z'9z's12) S°€C
(Lot 'L'8) L'6
(6L '279) 569

(7'9'c0) €T
(ge6 ‘T2 18T
(91T '29) 98
(0T'20)50
(Ts'toee
(e8T 'L veT
(L0o'zo)€0
(€z'90) ¢t
(Lz'Lro) vt
(96's1)6°C

(seTT)EC
(9s'6T) e
(0z'90) ¢t
(€91'62) 28
(Le'g0)ee
(L1119 v,
(Tse‘een) zoe

gl
(vt '9'1T) 8°2T
(90 ‘62 €12
(sot'Tee

(02 '029) 859

(L9'L0)ee
(008°0'TT) T'9E
(€T1T'09) 1L
(L0'T0)v0
(rssrmoe
(Lo9T'z2)0TT
(To'00) 00
(ro'To)co
(¥0'T0) 20
(6'0'20) G0

(6€'60) LT
rLr'9m)ee
(8z'L0)€ET
(9v1'€2) 9L
(89'9T) €€
(621'6°€) G2
(767 ‘€0T) 792

§TS
(0'sT 'Z0T) €°€ET
(T1e'TV2) S'L2
(0TT'59) ¥'6

(052 '0'59) 9°69

(09's0) ez
(9°€9 'e'8) 592
(921'59) 88
(z1'€0) 50
(0s'11)6C
(L81'6'2) vet
#0'T0) T0
(12090
(Z1'g0) L0
(ge'90)eT

(9¢'80)8°T
(gs'e1)8e
(ez'roer
(0v1'52) L9
(0v'80)87T
(Lv1'e9) 68
(582'9°L) 64T

GOy
(ovT '€ T1) 0°€T
(L'82'9'¢2) ¥'Se
(80T '2'8) 9'6

(SvL'229) 689

B ‘sap1soaA|H uluaburieN
B ‘sauouene|
Bw ‘unsaiand
Bw ‘unssuAn
Bw ‘josaydwaeyy
Bw ‘sjouone|4
Buw ‘uInoA19
Bw ‘utezpreq
Bw ‘uigIsiuan
Bw ‘sauonejyos|
A1ua 110409 1e axeiul Arelalp Ajreq
wyBd ‘QT-upynajJalu|
quwy/Bd ‘g-upjnajiaiu|
Juwy/Bd ‘gT-uninapeiu
uw/Bd “o-4NL
Z1/6w ‘uzloud aAnoes-o
uwybr ‘undsuodipy
Z1w/Bu ‘unds
UOIeJIUSOUOI 13¥{JBWOI] WNIS
% ‘Y2IBN-1300100 Pa1da]|09 poolg
ZMeIp poojq a1043q sinoy Bunse
2W/Bx ‘Anua uoyoa 1e NG
sIeak ‘melp poojq 0} A1ua 10Yod Wil

sIeak ‘melp poojq 1e aby

€1 [ 8L 6L S 89 % ‘Aius 1oyoo e saieqelq
0TI - &9 60T &gl o6 ZA1ua 1oyoa Je Bupiows ua.nd
029 L9, €8L 2'¢8 S¢L 9vL % ‘swiedioned sjewad
L've T0C 6'1€ 6L G'qT 182'T Anauyse Aq o5 ‘siuedionued Jo Jsquinn
BUUM oune ueolIsWy aseueder  uelleMEH BAITEN UROLIBWY URDLYY |V ansiIsIcRIRYD

Author Manuscript

T alqeL

Author Manuscript

rdnoub o1uyie Aq syuedionsed Apnis jo sonsusioeteyd

Author Manuscript

Author Manuscript

available in PMC 2019 June 01.

Cancer Causes Control. Author manuscript



Page 10

Rohrmann et al.

*(9=N) usioud aAnoeal-J pue (T=N) unds| ‘(9T=N) Anus 10y 1e Bursows uslind ‘(8T=N) meip poo|q 03 Joud sinoy Bunsey oy Buissiw aie eleq

4

‘Buipunos 03 anp QOT 01 ppe Jou Aew sabejuaalad (%) u Jo (sbuel ajienbiaiul) ueipaw se uaAIb ale eleq

T

(Lot'00)TE
(L6z'8'6T) 0°2C
(5'29% '9'0LT) G562
(6'STY 'S'86T) 1582
(8¥€T ‘60¥T) G28T
(zov'6'9) L'LT

(cz'00)00
(0ov‘s91) 0°22
(¢vvs 'L'9LT) T'8TE
(T'e8¥'1'202) €'61€
(6822 '7SET) 926T
(r'eL ‘z0oT) 8'62

(#'0'00) 00
(L9z's¥T) €02
(T°€5¥ '6'8¥T) 6'982
(T'5ev '9°86T) T'86C
(58¢z '8THT) 86.LT
(827 '8'G) ¢'6T

(0v'00) 00

(€62 've1) 91C
(2815 '8'STT) 0°'€92
(e'26y '8'TLT) 0°9€€
(¥05z ‘8SET) LEOT
(T6v'T'9) 62T

(s€'00)00

(6'62 ‘'9¥T) 0°'TC
(9'605 '9'S¥T) 9'582
(e'€8€ 'L°19T) 9'T¥E
(0zve ‘ogzT) ¥S9T
(8'2L'9'6) L'TE

(Le'00) 00

(€0 'T'GT) L'TC
(6'LLY '0'PST) L'T62
(09zv ‘'0°€6T) €'96¢
(evvz ‘'08ET) L28T
(695 '0L) €2e

Kep/b ‘loyoolv
Kep/b6 ‘Jaqiy Arera1q

Aep/b ‘891nl 111} pue sy

Kep/b ‘sajqersban
Aep/reay ‘ABiaus [e1ol

Bw ‘sapis0dA|6 unadsaH

SUUM

oune]

ueoLIsWY asaueder

uellemeH aAleN

URdLIBWY URDLISY

1\ 4

ansiIeIveIRyD

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Cancer Causes Control. Author manuscript; available in PMC 2019 June 01.



Page 11

Rohrmann et al.

'sisayiuated ul pajuasald si (g1-T.1) A106a1ed o118} yoea uiynm (Aep/Buwi) axelul :m_um_\,_m.

‘Bupjows pue ‘AAnoe [eaisAyd ‘axeiur [oyodje ‘(Snonuniuod) 0TOZ-Xapul
Bune3 AyyesH ‘(pawJoysuen-Hol) 1Ng ‘(pawioysuel-Hop) axeiur ABisus [e1o} ‘(Jaquisidas—|1idy 10 YaJe\—1aqolo0) Meip poojq 4o awil ‘Apnis ‘A1o1uyle ‘xas ‘abe 1oy paisnipe aiem suesw o_:mEowow

'(9=N) utaroud
aAI0Ral-0 (T=N) unds| wniss 10} Buissiw ae ereq ‘pawioysuet-6o| a1em axeul jousydAjod Aleaip pue SISy ewolq WnJas |[e ‘SI8YJeWolq WNJas JO 30UBLIBAOD JO SISA[EUR WO1) SIRWIISS aJe SanjeA

T
8.0 880 (40, £570 500 60 250 pouen-d
(8z'eT) 0¢ (L1'6°0) ol (0¥'T2) 62 (€'6‘09) 89 (ezv1) 8T (0'6'59) 9L (0'¥T ‘Z°01) 0eT (p/Bw 6'7) €1
(Te'sT) 44 8T1T'071) ol (9e'6T) 9¢ (18°Ch) 6'S Lz1m) 14 (€'6'99) 8L (9%1 '9°0T) v'eT (p/Bw €T) 21
(0e'sT) 2 LT'om) o (6€'172) 6C (§'8°9%) €9 rz'sT) 67T (z6°L9) 6L (9'%1 '8°01) 92T (p/Bw °0) TL
S3UOAR|J0S|
220 650 10 »z0 290 ¥80 6T0 pouei-d
(Te'sT) e T'o1) €71 (6€'12) 6¢C (8'8'8%) g9 (rz'sT) 0¢ (6'8'5°9) 9/ (0'vT ‘€'0T) 02t (p/Bwi T'Z2) €1
(8z'eT) 0¢ (L1'6°0) €T (9e'61) 12 (e8'vY) T9 (rz'sT) 6T (0'6'59) 9L (8'%T '6°0T) YA (p/Bw #27) 21
(62'%T) 0C (8T1T'071) 7T (6€'T2) 62 (L8'Ly) 7’9 (gz'91) 0¢ (96°'02) Z8 (7'¥T '90T) v'eT (p/Bw 9'9) T1L
S|ouoAe|H
560 050 #00 280 £c0 100 150 pouen-d
(0e'vT) 12 T'o1) ol (Tv'T2) T¢ (68 ‘8') 59 (gz'91) 0¢ (8622 v'8 (0¥T '€°01) 02T (p/Bw £98) €1
(82'eT) 02 T'om) €T (5e'6T) 92 €87y T9 (zz'vD) 8T (2'8'€9) 12 (e'vT ‘'5°0T) €T (p/bwi §'92) Z1
(Te'sT) 44 Z1'01) €T (8€'T2) 8¢ (8'8'81) 59 (92'91) T¢ (2'8'¢9) Gl (6'¥1'0°TT) 82T (p/Bw %) T1L
Sauouene|H
ueaw uesw ueaw uesw uesw ueaw uesw
1D %G6 JMIBWO3D  [D %G6 OMIBWOD 1D %G6 OMIBWO03D 1D %S6  JMIBWOID  |D %GET'C  JMIBWOID 1D %G6  JMIBWOdD 1D 9%S6  OMIBWO09D
m8>_mc<
[Fwy6r]
[wy6d] oT-11 [qw/6d] d1-11 [(wy6d] 9-11 [w/6d] o-4NL [Qw/bw] 440 unosuodipy [(wy/6u] unde

1OY0D 21UyIaNINIAl ‘A1Us 1L0Y09 Je eIl PIoUoAe]) AIeIBIP JO S3]118) AQl 71,SISMIBLIOIQ JO SUOIEIIUBIUOD WINISS

¢ dlgel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Cancer Causes Control. Author manuscript; available in PMC 2019 June 01.



Page 12

Rohrmann et al.

"8]qeLIBA PIOUOARS SNONUIUOD PalIojsuUeIl-Bo) uo paseq si 1sa) pual hv

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Cancer Causes Control. Author manuscript; available in PMC 2019 June 01.



	Abstract
	Introduction
	Material and methods
	Study participants
	Dietary assessment
	Laboratory assays
	Statistical analysis

	Results
	Discussion
	References
	Table 1
	Table 2

