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Abstract

Background Establishing and linking the proposed health benefiistafy polyphenols to their consumption
requires measurement of polyphenol intake in appropriate samples and astaumtieg of factors that

influence their intake in the general population

Methods This study examined polyphenol intake estimated from 8rithy day food diaries in a sample of 246
UK women aged 18-50 year&stimation of the intake of 20 polyphenol subclasses comnpoesent in foods
consumed by the sample studied was done using Phenol-Explaréi@SDA polyphenol databases. Women
were potential participants in theeds Women’s Wellbeing Study (LWW) (N= 143), a dietary intervention
study aimed at overweight women (mean age: 37.2 + 9.4 years;BiwaB0.8 + 3.1 kg/m) and the Diet and
Health Study (DH) (N = 103) which aimed to examine the relationship betpagohenol intake and cognitive
function (mean age: 25.0 + 9.0 years; mean BMI: 24.5 + 4.6%g/m

Results The estimated-total intake of polyphenol subetagas significantly difference between the two
samples (p<0.01) with consumption of 1292 + 844 and 808 #r@ffQay for the LWW and DH groups
respectivelyFlavanols and hydroxycinnamic acids were the most important contribattirs polyphenols
consumed by both groups, owing to tea and coffee consum@iber major polyphenol food sources included
fruits, vegetables and processed foods

Conclusion Older women consumed more polyphenol-canaifoods and beverageghich was due to the

higher coffee and tea consumption amongst the LWW patrticipants.

Keywords Polyphenols. flavonoids. phenolic acids. food diary. Phenpldtgr
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Introduction

Dietary assessment is an important technique for estimating food intake—Freeaeag-appropriate-analysis

content-offoeds. This process first requires a reliable collection of feakkinlatafollowed by accurate and

appropriate analysis of food intake using available comprehensive datalédeprovide details of the
nutrient content of foods. Two polyphenol databases that are widely ugedeastimation of polyphenol intake
are the United States Department of Agriculture (USDA) [1] and the Phenol-Bxl@ledatabases.

Several studies have estimated polyphenol intake and their association whitbkealfits in various
parts of the world. For example, a recent study identéieassociation between daily flavonoid and stilbene
intake and lipid profiles amongst Chinese adultsTBE emphasis in this study was on fruit, vegetables and
nuts which are commonly consumed by the Chinese populationdpatiranian adults reported a lower
prevalence of metabolic syndrome in participants with higher dietary intalateated polyphenols estimated

using Phenol-Explorer® [4Anethe

- Another study from Spain
which also used Phenol-Explorerf®und a reduction in cardiovascular disease risk astgagticipants with
greater intake of dietary polyphenols [5].The European Prospentiestigation into Cancer and Nutrition
(EPIC) study estimated intake of particular flavonoids (flavonols, flavesmiand flavones), anthocyanins
phytoestroges lignans and phenolic acids in ten European countries using 24lietary recall methods [6-
10]. Within the EPIC study, thgK “health consciouscohort, which includes fish eaters, vegans and lacto-ovo
vegetarians, consumed higher amounts of flavanones [6], antleyah and phytoestrogens [8], but lower
total phenolic acidsl0] as compared to the general population. However, no comparison caultleefor
total flavonoids because only total flavonoid intake data of the genenalgtiop from EPIC participating
countries were presentetll]. In the EPIC study, tea and fruit were the major flavonoid corttiibdor the UK
sample 11] but non-flavonoid phenolics were not considered, nor was the impbotyg weight and age on
polyphenol source or consumption

In this study, we took advantage of two existing sampletential participants in thieceds Women’s
Wellbeing Study (LWW) and the Diet and Health Study (DH), since botlhestuelquired potential participants
to complete 3 or 7 day food diaries, but polyphenol intake was ndtasiaed and therefore these data provide
incidental assessment of the polyphenol intake of UK women. The diffdtety aims- LWW was a dietary

intervention study targeted women who wanted to make dietary charniggzowe their health and wellbeing

3
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and maintain a healthy body weight and DH examined the relationshipdsehabitual polyphenol intake and
cognitive function targeted young, healthy womeattracted different samples of women. Together these
studies allowed us to estimate the effect of age and BMI on the intake of eanggeof polyphenols in the UK

population.

Materials and methods

Participants and study design

This investigation employed a cross sectional design where habitual pobfphtake was assessed using food
diaries. The diaries were collected from two different studies, hamelyetlde Women’s Wellbeing Study

(LWW) (NHS ethics reference number: 10/H1305/6) and the Diet and Health StudyRBH)0: 12-0020).

The LWW data were collected between 20/04/2010 and 10/08/2011 while DHvesctollected between
01/06/2012 and 30/06/201Both studies were conducted in the Human Appetite Research Unit (HARU) at the
Institute of Psychological Sciences, University of Leeds. LWW studyimtanded to facilitate weight loss
through two approaches; healthy eating advice alone or healthy eatingxwitadvice to increase fibre intake

to a minimum of 25 g/day amongst overweight and obese womentdBatafrom the LWW study were socio-
demographic information and 7 day food diaries collected during the sqygdTase of the study. The inclusion
criteria for theDH study were; women aged 1886 years, not pregnant, non-smoker, normal body mass index

(BMI) and above (>18.5 kg/m2) and English as their first language.

Dietary assessment

Food intake was assessed using a self-completed food diary. 7-Dajidded were collected from LWW
participants during the screening phase prior to entering a weight losentiemvtrial For the DH study, a 3-
day food diary in which all food consumed for 2 weekdays andekend dayvas given to participants during
ther first visit and was returned on their second visit at least one week tatbatshe diary was completed
between visit one and visit two. Participants were encouraged to recorfibtiteintake using household
measures and to include the food packaging within the diary wherelpo3$ib participants were informed

how to fill in the food diary and were shown examples of good dietagrding from example diaries. Food

4
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intake data from the food diaries were analysed using WinDiets®. Thigaseftomprised of two food
databases; namely UK Food Tables 2008 and USA Food Tables 2008. The data wereiingratedg) of
foods consumed by the participants. To facilitate the approximation tidipsize, the latest food portion
guideline book for selected UK foods was used in the stuly Basal metabolic rate (BMR) was calculated
using Schofield equation43]. The BMR value was used to verify accuracy of dietary recording of the
participants and was divided by energy intake (EI/BMR) to identify incidencexdefreporting.
Underreporting is assumed when the EI/BMR is less than <1.14, noriméhésrange 1.14 to 2.4 and over

reporting is >2.414].

Estimation of polyphenol intake

Foods which did not contain any polyphenols such as meat-baseat{sractre omitted from the estimation of
polyphenols. Ingredients of processed foods such as cannedafubgse-packaged meals were checked for
polyphenol-containing ingredients. Foods that contained more tharpémsgrving of any polyphenol were
identified using the Phenol-Explofedatabase [2] when possible, and in combination with the USDA database
[1] on selected flavonoids to enable examination of the polyphenol ¢aritas many foods as possib@nly
ingredients with a polyphenol content of > 1 mg per serving were included in the calculation of polyphenol

intake. Data for polyphenol content obtained from Phenol-Exfflavas selected from mean content obtained
from methods involving chromatographiissing data from fruit, such as citrus fruits and sultanas, were
estimated based on tangerine and raisin data from USDA and Phenol-Expkspe@tively. For other food
groups which are mainly comprised of processed foods, the estimattsomade according to the percentages

of ingredients in the food products. Data for thearubugins frond8i2A database was added to the existing
data in Phenol-Explorer® because this compound is a major contribditer ftavanol content of ted ). Data

for proanthocyanidins obtained from Phenol-Explorer® in the fofdimers and trimers were added together
and presented in the flavanols gro@p polyphenol subclasses were selected for the estimation on the basis that
these compounds are commonly present in foods consumed by tHe sardjed The cut off used for foods to

be included in the polyphenol estimation was based on a previoysshiah referred to foods that contributed
less than 1 mg/day as minor contributors to polyphenol inteje Thus, foods that contained less than 1 mg of
polyphenols as consumed in a usual portion were excluded fromalysianPolyphenol intake was presented

based on average intake per day.
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Statistical analysis

Statistical analyses were performed using the Statistical Package for Social Science é&R$S519). All data
were examined for outliers using boxplots and the normality assuraptiene checked for each inferential
analysis. There was no significant deviation from normality and Igasige was sufficient to retain all data with
no outliers excluded from the analysis. Data from continuous variableseasnfed as mean * standard
deviation. Percentages are used for categorical variables. Polyphenol intakerddté/ifvd and DH samples
were combined to provide a better estimation and representativity of thhenb} intake amongst UK women.
The results are presented in two ways; napgetpmparison between study groups (LWW vs DH) to identify
differences between 3 days and 7 days food recording and bdieresnage consumption groups. Chi-squared
tests were used to identify the association between two categorical variables. dedépeasts and analysis of
variance (ANOVA) models were used to test differenngmlyphenol intakes between study group and
beverage consumption group. In order to examine the influence @imapgBMI, these continuous variables
were included in an ANCOVA with study group as a between-subpgaisrfand polyphenol intake as the
dependent variable. Data which were not normally distributed were analysgdas-parametric tests
differences between groups; namely Mann-Whitney U-test fogteops and Kruskall-Wallis test for more

than two groups. In all analyses, p values of <0.05 or @b considered statistically significant.

Results
Table 1 presents the characteristics of participants according to the twoastyulgs(LWW and DH). There
was a significant difference in age and BMI between the two stulpgft{244)=10.294:p<0.01-and-t{244)

=12.107;p<0-01respectively]. (p<0.01). LWW participants weder@dnd heavier than DH participants since

the former were recruited specifically because they were overweight ancedtiengarticipate in a weight loss
intervention. Furthermore, higher BMI is associated with increasinffldeMore of the DH participants
performed regular exercisg*=4-58-df =1 p<0.05) (p<0.05) and were studems{62-42;-df=3:p<0.01)
(p<0.01) than the LWW participants—and-was-meashbugsl-on-participants’self-assessment—Fhe-regularity

There waso significant difference between the two study samples in the fregudmparticipants in

the EI/BMR categoriegff=122;df =1:ns)N




160  reporters. Under reporters were more frequent amongst DH participai®j4& compared to LWW

161 participants (38.5%) and none over reported energy inkédwever-the-majority-of participants-from-both
162

163
164 Table 2 represents the polyphenol food sources and the polyphentdined in each food, commonly
165 consumed by the participants. In this study, coffee and tea were thebewegoages consumed. Various types
166 of tea including black, green, camomile, and fruit tea were consumee pgittticipants. Onion, potato and
167  tomato were the most important vegetables contributing to polyphdakéi€@ommonly consumed fruits were
168 bananas and apples, while processed foods, such as milk chocolatebbaks, hummus, ready to cook sauces
169 and soups, were the most important sources of polyphenol intake.

170 A comparison between the LWW and the DH studies was made for spetjfidhpnol intake (Table
171 3) based on the average intake per day derived from the 7 day andiarnies/respectively. Overall, the intake
172 of polyphenols for the LWW group was higher than DH excepdlifoydrochalcones and lignans. Hae

173 differences might be due to the higher coffee and tea consumption agrédker diversity of food sources

174 consumed by the LWW participants. The daily intake of all major polyplgnaps was significantly different
175 between the two studies (p<0.01), whereby LWW participants’ intakes were higher. Moreover, the daily intake
176 of polyphenol subclasses also showed a significant diffedeetween the two studies{d—=4724-2=-4.80,
177 p<06:01] (p<0.01) with mean intakes of 1292 + 844 and#8680 mg/day for LWW and DH participants

178 respectively. This finding can be explained by higher energy (kcaleimbkWW participants in addition to
179 positive association found between energy (kcal) intake and polyphetdssés intake (r = 0.237, p<0.09.0
180 Moreover, when age and BMI were included as covariates in an ANCOVA to coppigphenol intake

181 between LWW and DH participants, both age (F1, 242 =117.18, p3@a@1BMI (F1, 242= 4.203, p<0.05)
182 were significant covariates and were positively related to total polyphenol irdakiay but the difference in
183 polyphenol intake between the LWW and DH samples was no longéicsighsuggesting that differences can
184 be accounted for by age and BMI.

185

186 In order to identify the contribution of polyphenol sources other théfee and tea, a comparison was
187 made between intake of total polyphenol subclasses (Total dataset) and intalling>adffee and tea (NoCorT
188 dataset) (Table 4). The average intakes of polyphenol subclasse)&@te814 and 213 129 mg/day for

189  Total and NoCorT datasets respectively. Clearly some polyphenols angresént in coffee or tea, or in fruit

7



190 and vegetables, but others are present in more than one group. The relative perocéMagorT to Total

191 datasets were calculated to identify the contribution of coffee and tea polypteepolgphenol intake. A value
192 of 100% indicates that all polyphenols are derived from fruit and vegetableespwhereas a value of 0%

193 indicates that beverages provide all the polyphenols in the catdder nlkylmethoxyphenol and flavanol

194  content of the diets came almost entirely from coffee and tea intake. Higdrmagjic acids and

195 hydroxycinnamic acids were also mainly derived from the beverageesoOverall, the intake of polyphenols
196 after the addition of total flavonoids, total phenolic acids and total all otherhmoipps vas~5-fold greater for
197 the Total dataset as compared to the dataset excluding coffee and tea (NoCorT)of pelyienol food

198  sources for participants who did not consume coffee and tea maindyfoammvegetables (e.g. onions, po&so
199 broccoli, bars), fruits (e.g: strawberries, blueberries, apples), wholemeal bread, chocdlateaalate drink.
200 These foods were frequently consumed by the participants, howewguantification was made to determine
201 the percentage of contribution of the foods to the intake of polypkaholasses.

202

203 Discussion

204  This study focusd on the habitual polyphenol intake of women in the UK. Women hauagartant role in

205 food selection and consumption within the familg][ In addition, women reportedly perceive themselves to be
206 more conscious about food, more likely to read nutritional labels, practiseyhealing and be more

207 knowledgeable about health and nutrition as compared to I8krThe higher number of under reporters in the
208 DH study may be related to age and practising certain dietary restrictions fot maigkenance. A previous
209  study has suggested that young women tend to perceive themselvesvasight, thus efforts to lose weight
210 are becoming more commoR(J]. However, this might also reflect underreporting of actual intake rataer th
211 lower intake per se. Underestimation of 37 % was previously reportedudyatat used food recording as tool
212 for measurement of total energy ikéavhen compared to the doubly labelled water metdaf [nh an effort to
213 minimise underreporting, participants were advised to be honest about thedr egp&cially with respect to the
214  intake of foods which might be perceived as “unhealthy” such as confectionery or snacks.

215 A comparisorof polyphenol subclasses intake was made between under and normarsepod no
216  significant difference was foundf{J-=6361-Z=-1.59; ns]. Timdifhg can partly be explained by the

217 perception that coffee and tea drinking are not considered unhealthy hatefsite, participants are more

218 likely to have reported tlireconsumption honestly. Furthermore, as tea and coffee dominate as sbuetals

219 polyphenol subclasses intake but contribute few, if any, calories theitd ® little impact on energy intake

8



220 Furthermore, flavonoids and phenolic acids which are widely presenitiafid vegetables would be less likely
221 to be under reported by the participants because these foods are cormdérgd Moreover, participants from
222 the DH study were informed that the objectives of the study were tamxdme effects of polyphenols and the
223 major sources of polyphenols were briefly explained in the participartiation sheet which should

224  encourage rather than discourage reporting of these foods. Knowipgrose of a study can encourage

225 socially desirable responses. DH participants were expected to over report th#iepolyintake as compared
226  to LWW participants. However, the opposite finding was demonstrated istthig. In relation to food intake,
227  this is often reflected by over reporting of foods perceived to Héhlgend underreporting of foods perceived
228  to be unhealthy. Previous research has reported that participants believeel tbastimption of foods

229 perceived to bégood’ in larger quantities would promote less weight gaRP]. To overcome this problem,
230  surreptitious recording of food intake or disguising the pwemddhe study is recommended so that emphasis is
231 drawn away from the particular food groups under study.

232 In this study, it was apparent that there were more participants frongtoagbs who consumed both
233 coffee and tea (39 %r consumed tea only (32.5 %) than just coffee (11.8 %) or neitheoteaffee (16.7

234 %). The average volume of coffee and tea consunesil®0+ 239 and 32& 377 ml/day respectively. Higher
235 daily tea consumption (814450 mi/day) was reported from a longitudinal study amnsbmgn in South Wales
236 [23]. The men were older than the current sample and were mainly warkiss iranindustrial town, where
237 tea would bearoutine part of their daily livesThus they represent a very different group to the avds&ge

238 population and to the samples considered in our study. From our dagam®ys of both coffee and tea were
239  shown to drink more tea than coffee in terms of volume consumed Aailmilar finding was reported ia

240  study amongt Scottish adults, whereby high tea consumers were likely to drink Idegs §4].

241 The determination of major polyphenol food sources can be maagsbgsing the amount of

242 polyphenols present in food and the quantity of food consu@dlh addition, the determination of

243 polyphenol food sources relies on two aspects. Firstly, whetherdtle fave a high polyphenol content, so
244 even if a small amount is consumed the contribution to polyphenol intalgniicant. Secondly, some foods
245 are consumed in large quantities however, because of their low polypbatertc their contribution te-tetal
246 intake of individual subclasses is not significant. An example of the firstisituatspinach and onions which
247 havea high polyphenol content, while the second is pineapple and cabbagehakizdlow polyphenol

248 content. Conversely, coffee and tea fulfil both aspects whereby thesadr=sare consumed in high amounts

249 and havea high polyphenol content and this is why they dominate the tTolgbipenolintake dataset.



250 The total polyphenol intake as reported from other studies range860 to 1200 mg/day [4.6, 26,
251 27]. The value of total polyphenols estimated in this study by sumgtinmplyphenols is within a reasonable
252 range when compared to the other studies. The main polyphenol foedstarthe studies with total

253 polyphenol intake above 1 g per day are beverages such as coffee, ted andefsias reported by study from
254 France and Poland §, 27]. The other polyphenol food sources include fruit, vegetables, legamntesereal

255 products. The disparity between all these studies in the estimation of totdigrodyp can partly be explained
256 by the different number of polyphenol subclasses included iestimation of polyphenol intake. The different
257 databases used to estimate polyphenol intake also can contribute to the differesteépdatyphenol

258 estimation between countries.

259 In terms of food intake, data from the food diaries demonstrates ¢haajor polyphenol food

260 sources consumed by the studied samples, such as tea, coffee, pothtggdemnare similar to those reported
261  from previous studiedlp, 27]. An Australian study also identified black and green tea as major flavonoid food
262 sources along with wine, apples and orang&k R recent study has estimated the total flavonoid intake

263 amongst the non-Mediterranean countries in Europe including Germamettimerlands, UK, Sweden and

264 Norway [11]. This study reported two major contributors to flavonoid intakinefnon-Mediterranean countries
265 namely tea and fruits, with the UK population showing the higinéské of total flavonoids (average of 549

266 mg/d in men and 502 mg/d in women). Tea was also the major caotribdlavonoid intake in our study. An

267  implication of this is the possibility that health promotion to increhsesérving size of fruit and vegetables as a
268 good source of polyphenol foods can also emphasize the point thatvtbefsed sources are also significant

269 contributors to polyphenol intake.

270 In addition, the inclusion of thearubigins in the estimation of flalsawas demonstrated to be an

271 important approach for a better estimation of polyphenol content in teampbeance of this compound was
272 reported by the EPIC study which focused on thearubigin intake énaddésuropean countrie29]. This study
273 has reported that the UK general population were the highest tea consumer8, %itif tbtal flavonoids being
274 contributed by thearubigins.

275 The current study was limited by its small sample size afisinge age range (1850 years). In

276 addition, being health-conscious might be a possible motivating factiefgarticipants to volunteer for these
277  two studiesand might influence the foods consumed (or reported) by the partisiduring the dietary

278 recording. Thus, the representativeness of this sample to the generaldemaéion of the UK may be

10
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300

somewhat limitedFinally, there is a substantial lack of available information on thgopehol content of
processed foods. Food recording can possibly cause some alteiatios habitual food intake of the
participants. However, to deal with this possibility, participants wereueaged to bring all food packaging
along with them in case they had difficulties in explaining the fantign size. The estimation of certain foods
was made based on the percentage of polyphenol-containing ingrédigre$ood products.

The average-tetal polyphenol intake of the whole sample, estimated frootypBgnol subclasse
present in commonly consumed foods, exceeded 1 g pefayntake of polyphenol subclasses was higher
amongst LWW participants, whilst DH participants had 37.5% lower polyplseiholasses intake than the
LWW participants, despite being aware of the polyphenol focus of ttg. dtuaddition, 56% of LWW
participants consumed more than 1 g polyphenols/day compared to B%).(BBese effects can be explained
by the significant differences in age and BMI between the two studglea which account for the difference in
polyphenol intake. The major polyphenol food sources of the wahoeled in this studyere tea and coffee,
thus women who did not consume tea or coffee had much lowergavpolyphenol intake.

Future studies should be longitudinal in design, and include sampleswalnjcim socio-economic
status, age and BMI. In addition, the effect of food processingeopalyphenol content of foods should be

taken into consideration in subsequent research in order to better estirgateepol intake.
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