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CHAPTER |

INTRODUCTION

Cardiovascular disease (CVD) has been defined as hypertension, gdremdrdisease
(CHD), which includes myocardial infarction (MI) and angina pecttvesut failure, stroke,
and/or congenial cardiovascular defects (1). An estimated 82.6 million peqpiexiamately one
in three American adults, have at least one form of CVD: high blood peg§&.4 million),
CHD (16.3 million), myocardial infarction (7.9 million), angina pectoris (diani), heart failure

(5.7 million), stroke (7 million), and congenital cardiovascular defé&&8,000-1.3 million) (2).

The incidence of cardiovascular events is affected by gender andldgent@n and
women have higher incident rates than younger people of the same gender.dn,addmen
have a lower incidence rate than men of similar ages. The incidenc®$dh men are 3.3,
10.1, 21.4, and 34.6 per 1000 men for ages 35-44, 45-54, 55-64, and 65-74, respectively (3). The
incidences of CVD in women are 1.2, 4.2, 8.9, and 20.0 per 1000 women for ages 35-44, 45-54,
55-64, and 65-74 respectively (3). This suggests that men at any givereaggproximately 2

times more likely to have CVD than women of a similar age range.

In the United States, CVD as an underlying cause of death accounted for 38&8ths
in 2007 (2). In 2007, CVD claimed 813,804 lives (2). CVD death rates were 300.3 and 211.6 for
men and women, respectively (2). Heart disease killed more Ametiwmsancer, chronic

lower respiratory disease, and accidents combined, making it the leadsegotaleath for



elderly men and women in 2007 (2). Approximately 33% of deaths attributed to GNirext

before the age of 75 years, which was below the average life expectatit9 gears (2).

Epidemiological studies have found an association between increased camsipt
fruits and vegetables and decreased risk of cardiovascularedeedsll cause mortality (4, 5).
Studies on specific fruits and vegetables attempt to isolate thetib@aomponent(s) that are
responsible for the cardio-protective properties of fruits and &blgst Fruits, such as berries,
have been increasingly studied for their high concentration of fiber aiodidant vitamins such
as vitamins E and C, as well as their rich source of polyphenols (6, 7). phgudl,
anthocyanins and anthocyanidins, rich in strawberries, have been askwitfateduced risk of

death all-cause CVD and certain CVD metabolic risk factors (8, 9).

The goal of the study is to investigate the effects of freeze-dreallstrries in metabolic
risk factors for CVD in a randomized clinical trial. Parametieas were assessed are lipid profile,
glucose metabolism, and markers of oxidative stress in subjehtdysiipidemia and abdominal
adiposity versus age-gendered matched control at baseline, 6 and 12 vereksaafberry

supplementation.

The specific aims are to:

1. Investigate the effects of freeze-dried strawberries on anthropometasures and blood
pressure
2. Investigate the effects of freeze-dried strawberries on gluirssgin, lipid profile, and

markers of lipid oxidation (oxidized-LDL and malonaldehyde)

The null hypotheses are that:

o Freeze-dried strawberry supplementation will have no effects oropnthetric

measures and blood pressure compared to control



Freeze-dried strawberry supplementation will have no effects on gluasslin, lipid
profile, and markers of lipid oxidation compared to control
Freeze-dried strawberry supplementation will not affect safetyrpeas such as, liver

and kidney function tests and blood cell count in subjects versus controls



CHAPTER Il

CARDIOVASCULAR DISEASE & OBESITY IN THE UNITED STATES

Cardiovascular disease (CVD) has been a major cause of deattUinitibek States for
the last hundred years. Each year, cardiovascular disease kill&Amergans than cancer,
chronic respiratory disease, and accidents combined (10). In 2006, cacdiavdisease was the
underlying cause of death for 831,272 lives, which accounts for 34.3% of deaths (1). An
estimated 81.1 million people, approximately one in three American adulésahbeast one
form of cardiovascular disease (1). Forms of CVD are defined astégpi®n, coronary heart
disease (CHD), heart failure, stroke, or congenial cardiovasculatsi€fecAs a result of health
care services, medications, and loss of productivity, heart disedsestithe United States
$316.4 billion (1).

OBESITY

Obesity has become an epidemic in the United States, where even children and
adolescents are increasingly becoming overweight or obese. Nearlylien children and
adolescents ages six to nineteen are at or above the 95th percentile o€tge®ih charts for
the United States for BMI-for-age (11). Adolescents who are ovghiveave been found to have
a 70% chance of becoming overweight adults (1). If the United Statéawes with the current
trend, by 2030, approximately 86% of adults will be overweight or obese (&)réslt, the
estimated total health care costs for obesity could reach $861 to 957 billion, in 2a30ywil

account for 16-18% of US health expenditures (1).



Overweight and obesity is associated with increased risk of dissadehronic
conditions, such as CVD (12). Overweight individuals were 20% and 21%likelyeto develop
cardiovascular disease than normal-weight persons for women and rpestivesy (12).
Obesity increases the risk of developing cardiovascular disease bgrth46% in women and
men, respectively (12). Being overweight was not found to be associatadasgthsed mortality
due to cardiovascular disease; however, being obese is associategigiifiGant increase in
morality due to cardiovascular disease (12). In 2004, obesity wasadsdogith 13% of
cardiovascular disease deaths (13). Overweight and obesity aessdeiated with decreases in

life expectancy (14).

In the 26 year cohort, the Framingham Heart Study studied the assoofaveight and
cardiovascular disease. The 2252 men and 2818 women ages 28-62 wereliftealbf c
recognizable cardiovascular disease upon entry and 18.9% and 20.5% werégbwémwaen
and women, respectively. This study found obesity is an independent risk factor f
cardiovascular disease (15). The association of weight and caditeaincidence was more
pronounced in subjects younger than 50 years of age. When comparing the selfl nepaht of
subjects at 25 years of age compared to entry, subjects who gained weighssoerated with
an increased risk of disease regardless of their obesity index. @ip 8ide, subjects who lost
weight were associated with a decreased risk of disease. This impliegeight loss at any body
mass index (BMI) may be beneficial to reducing risk for CVD. Ontb@imost profound effects
obesity has on cardiovascular health is #¥&% of hypertension can be directly attributed to
obesity (16). Other effects obesity has on cardiovascular health anerdased levels of
triglycerides, elevated low density lipoprotein-cholesterol (LO)..and low high density

lipoprotein-cholesterol (HDL-C) (16).



According to the Centers for Disease Control and Prevention (CDCis adel
categorized as obese when they have a body mass index (BMI) of 30 or higher. iH8Mve
often fails to differentiate between different body compositions; filmeremore effective ways in
estimating body fat is by measuring skin-fold thickness and waist diecente. Differentiating
persons with similar BMI but different body compositions is important becaxsess abdominal
fat is associated with an increased risk of metabolic risk fdBurrently, waist circumference is

considered the most effective diagnosis of obesity (17).

In obese individuals who are similar weight, more abdominal adipose tissisteas te
increased metabolic abnormalities (18). Even in non-obese individhdtsnmal adiposity has
been associated with increased risk of cardiovascular diseaseade-aantrol study of healthy
subjects matched for BMI and age, subjects (n=350) with a waist-totlup-@e9 in males and
>0.85 in females have significantly higher high sensitive C-reactoteip (hs-CRP) (1.96
2.60 vs. 1.53 + 1.74 mg/dl; P <0.01) levels compared to control (waist-to-hip ratio <0.B& ma
and <0.85 in females, n=199) (19). Similarly, Lapice et al. (20a8)dahat subjects with
visceral adiposity are approximately two times more likely to ha¥e €3mg/dl and metabolic
syndrome (P<0.01). High sensitive CRP and CRP are acute inflammataingratflammation
can lead to CVD through the progression and exacerbation of atherosclehidlisis the fatty
deposit build up in the artery walls (20). This suggested that abdoadiipaisity may lead to an
increased risk of CVD possibly through increasing systemic acute phdammatory proteins.
Hs-CRP plasma levels may be more indicative of cardiovascular elissiasn individuals who
have low risk factors typical of cardiovascular disease (20).i3leispecially important since
total cholesterol levels >200 mg/dL does not account for 35% of peopleaxithasy heart
disease (21). Therefore, this suggests that measuring abdominaitgdiaysbe a low cost tool
with a strong correlation in identifying individuals at risk fordiavascular disease, especially

those who do not have elevated cholesterol levels.



HYPERTENSION

Hypertension is defined as blood presstird0 mmHgA~90 mmHg, taking
antihypertensive medication(s), or being told by a physician or health cégegiooal at least
twice that one has high blood pressure. An estimated 74.5 million adultheage of 20 have
high blood pressure (10). In 2006, the mortality of high blood pressure is 56,561 lixda (22
addition, high blood pressure was associated with shorter life expgetatiancreased years a
person lived with CVD (23). The total life expectancy of persons with biood pressure is 5.1
and 4.9 years shorter than persons with normal blood pressure for men and wspsstivety
(23). At age 50, men with untreated high blood pressure lived 7.2 years dhamtanegn who
lowered their blood pressure below 140/90 mmHg (23). In addition, those men who lowared the
blood pressure also lived fewer years with CVD (23). Although hypertensiemmastly been
associated with men, the National Health and Nutrition Examination SUIMHANES) found
that gender differences between rates of hypertension are also age de{ignttan have
higher rates of hypertension than women until the age of 45. From ages 45 to 64, men and wom
have the same rates of hypertension. And after age 64, women have a higheagerof

hypertension than men.

DYSLIPIDEMIA AND ATHEROSCLEROSIS

Dyslipidemia is an increased level of circulating blood lipids: higels of total
cholesterol, low density lipoprotein (LDL), and triglycerides &l @s low levels of high density
lipoprotein (HDL). High blood cholesterol and lipids have been associatiedhe increase risk
of heart disease, particularly CHD. In 2006, 16.2% of ad@fsyears of age have total serum
cholesterol levelg240 mg/dL (24). That is an estimated 35.7 million adults with high blood
cholesterol levels. The Centers for Disease Control predicted thare is a 10% population-

wide decrease in total cholesterol levels, there will be an &stith80% decrease in CHD



incidences (24). High levels of LDL cholesterol, also commonly refegédaa” cholesterol, are
usually associated with plaque buildup in arteries, which leads to ansednesk of developing
heart disease. In 1999-2004, the age-adjusted prevalence of high LDL choiesterd)S adults

is 25.3% (25). HDL cholesterol, on the other hand, is known as “good” cholesterol aledédsv
levels €40 mg/dL) are considered a risk factor for heart disease and strokecamedults>20
years of age have the mean level of HDL cholesterol of 54.3 mg/dL (NHANESZID6,

NCHS and NHLBI; unpublished analysis). The mean level of triglyceeid® in American
adults>20 years of age is 144.2 mg/dL (NHANES 2003-2006, NCHS and NHLBI; unpublished
analysis). Triglyceride levels >150 mg/dL is considered a risk féotdreart disease and stroke.
When the triglyceride levels are stratified by gender, the meahftavmen is 156.5 mg/dL and

for women it is 132.1 mg/dL.

High circulating levels of free fatty acids can lead to atherosite(26). Free fatty acids
increases ROS formation, which upregulates inflammatory cytokinels,as C-reactive protein
(CRP) and tumor necrosis facto(TNF-o). Inflammatory cytokines increases the translation or
synthesis of endothelial adhesion molecules, such as intracellularcdivedecules (ICAM) or
vascular cell adhesion molecules (VCAM). Increased ICAM and VCAM on belilgtcells will
induce monocyte adhesion, which initiates atherosclerosis. Macropkhdiels are matured
monocytes, engulf oxidized-low density lipoprotein (ox-LDL) to mature ioémf cells. Ox-LDL

also increases VCAM molecules, which further exacerbates the atleeotisgbrocess.

Lipids under increased oxidative stress and the concentration of fietairon) can
form lipid radicals (26, 27). Increased lipid radicals, such as ox-t# further mature
macrophages and upregulate initiation of atherosclerosis. Lipid peroxigeitiducts are also
extremely toxic. Lipids can oxidize to form lipid alkoxyl radicals (LOs)peroxyl radicals
(LOOe) (27). Alkoxyl radicals and peroxyl radicals go through cyclisationetl v,

hydroxynonenal (HNE) and malondialdehyde (MDA), respectively. HNE and MBAath



extremely toxic products which cause DNA damage (27). HNE can affpetl sfansduction
pathways, which can affect cell morphology and biochemical and physiologperpes. MDA
can disrupt DNA by reacting with DNA bases, forming adducts. HNE and MDAegadntly

used to assess disease states such as cardiovascular diseessglatosis, and cancer.

Hypercholesterolemia had been associated with vascular dysfunctiamnmdtion, and
oxidative stress. Hypercholesterolemia has been associated wiithithigon of nitric oxide
(NO) production, which is important in the regulation of vascular tone, piieuesf platelet
activation, inhibition of oxidative stress, cell growth, and inflamama{28). An inflammatory
response catalyzed by increased circulating cholesterol or triglgsdeads to the progression of
atherosclerosis through increased cell adhesion molecules, leukamyiigment, and rolling and
adherence of the monocyte (28). Hypercholesterolemia has been adswitlatacreased
oxidative stress by the increased reactive oxygen species (RO®)hhhoee major enzyme
systems: NADPH oxidase (NOX), xanthine oxidase, and myeloperoxidasd (28gfore,
hypercholesterolemia is a major contributor to CVD by the dysfunctidmeofascular

endothelium, increase in inflammation and oxidative stress.

INSULIN RESISTANCE AND IMPAIRED FASTING GLUCOSE

Insulin resistance results in impaired glucose metabolism wheghtes glucose
concentrations above levels classified as normal, but does not elexatsegconcentrations to
levels classified as diabetes mellitus (DM). Insulin resigtasithe body’s inability to effectively
use insulin that is produced. Since insulin is a hormone required for tiegftglucose to the
cell, insulin resistance frequently results in elevated plasnc@ge concentrations. Elevated
fasting glucose levels of 100-125 mg/dL are classified as impas&ddalucose or pre-diabetes

(29). Impaired fasting glucose is fasting glucose levels above normapésinot qualify as



clinical DM. Prolonged hyperglycemia have been found to increase righarosclerosis by

increasing ROS formation through various pathways (26).

In a Danish prospective study, Jeppesen et al. (2007) studied whetheinsuliot
resistance was a risk factor for CVD independent of metabolic synditisestudy followed
2493 men and women, who were free of major CVD at baseline, for an averagee#r8.4 y
CVD endpoints were defined as cardiovascular death, nonfatal ischeantadisease, and
nonfatal stroke. Insulin resistance was found to be an independent predictid ¢3@. In
addition, insulin resistance was found to increase the relativefrGkD by 67%. This
suggested that although impairment of glucose metabolism may notligécdl levels, it may

still have profound effects on the biological system, specificalthe cardiovascular system.

OTHER CARDIOVASCULAR DISEASE RISK FACTORS

Several other factors associated with increased cardiogasitsgase incidence include
age, race, income, and occupational status. According to the 2003 CentasefselControl
and Prevention Behavioral Risk Factor Surveillance System (CCESBRsurvey of adults18
years of age, the prevalence of hawi2gisk factors is highest amongst adults who reported
being unable to work (69.3%). Second highest is amongst persons reportiahdidirscome of
< $10,000 (52.5%) (31). The next two indicators with the highest prevaleceedibvascular
disease risk factor is race. Blacks have a prevalence of 48.7%aa@ritan Indians/Alaska
Natives have a prevalence of 46.7%. Other prominent indicators of ctskSfanclude
state/territory, the highest prevalence being persons living iruklen(46.2%). There are also
twelve states and two territories that have multiple risk fateralence 0£40%: Alabama,
Arkansas, Georgia, Indiana, Kentucky, Louisiana, Mississippi, North Car@imo, Oklahoma,

Tennessee, West Virginia, Guam, and Puerto Rico.
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FRUIT & VEGETABLE INTAKE IN THE UNITED STATES

The current dietary consumption of US adul§ years old is limited to nutrient dense
foods. The average fruit consumption is 1.1-1.8 servings/day acrosseainégender groups
with 5.8-11% meeting the guidelines>ef servings/day. When 100% fruit juices are included,
fruit consumption increases to 2-2.8 servings/day and 13.8-23.7% meeting glengsitbr fruit
consumption. This may be of interest for intervention since most adult éanerare not eating
enough whole fruits but almost double their intake if fruits are consunbd form of a
beverage. The average consumption of vegetables is 1.2-2.1 servings; 11vidfef5-10%
of blacks, and 3-5% of Mexican Americans consume the recommended amobint of
serving/day. Fruits and vegetables are a major source of didtaryafid a large portion of the
US adult population are not meeting recommended levels. Only 3-7% of wh#spPblacks,
and 11-12% of Mexican Americans are consurag g of dietary fiber/day. Diets high in fiber

can help lower blood cholesterol which may lower risk of cardiovasdidaase (32).

Diets high in fruits and vegetables have been found to be associated withistved
CVD morbidity and mortality (4, 5, 33). In prospective studies by Hung e2@04j, fruit and
vegetables were associated with a moderately significant degreelsronic diseases (p=0.07) in
healthy health professionals. However, further analyses indicatetiehaagitive effects of fruits
and vegetables were most significantly associated with a decigageCVD, but were not
found to be significantly associated with incidence of cancer. Similadyetlal. (2000) found
that increasing quintiles of fruit and vegetable intake wefsiantly associated with decreased
incidence of CVD in healthy, female health professionals. Fruit andal#gentake greater than
5 servings per day was significantly associated with a 12-32% dedne@¥D incidence (4, 33).
Furthermore, increasing consumption of fruits and vegetables wasasésdaath a greater and
more significant reduction in relative risk of MI ranging from 43-6()o In addition, reduced

risk of CVD and MI with increasing quintiles of fruit consumption was dasedt with a greater

11



and more significant reduction in CVD and MI compared to total fruits andaldge and
vegetables alone. Lastly, fruit and vegetable intake was fauipel dssociated with reduced
relative risks of CVD, specific CVD incidence, and total mortality [(5}the prospective cohort
study by Bazzano et al. (2002), healthy subjects who consume fruits and veggtester than 3
times per day were found to have significantly lower risks of straéakesmortality, ischemic
heart disease, ischemic heart disease mortality, cardiovas@daseimortality,
noncardiovascular disease mortality, and all-cause mortality (p<0.02) vidowadter
multivariate adjustment, ischemic heart disease and noncarditeradisease mortality were no
longer found to be significant (p>0.05) and ischemic heart disease mostaditynly moderately
significant (p=0.07). There is suggestion that different fruitb\segetables may be involved with
specific pathways that affect different cardiovascular disaadjgoints. Dietary
recommendations for the general public to consume at least 5 servingjsscdrid vegetables in
order to decrease risk of CVD were validated. More specifidaltyeased intake of fruits
appeared to display greater cardio-protective properties, Turtiser studies on specific fruits
and vegetables may help elucidate the bioactive ingredients thaspaomsible for the inverse

association to chronic diseases.

12



STRAWBERRIES AND CARDIOVASCULAR DISEASE

EPIDEMIOLOGICAL STUDIES

Several epidemiological studies have been conducted on the dsaatfistrawberry
and CVD, markers of CVD, and CVD mortality. Strawberry and speditievberry flavonoids
have been associated with a lower risk of CVD and CVD markers (8, In3H¢ Women'’s
Health Study, Sesso et al (2007) studied the following: 1) the prospassociation of
strawberry intake and CVD in 38,176 female health professionals and 2p$sesectional
association of strawberry intake with lipids and CRP in 26,966 femalthiprofessionals for an
average of 10.1 years. CVD was defined as confirmed myocardial iofarstroke, coronary
artery bypass graft surgery, percutaneous transluminal coronary anyiomtelscardiovascular
death. Strawberry intake was evaluated by a 131 item validated semitajivetood frequency
guestionnaire. Categories of strawberry consumption were diittetbur groups: none, 1-3
servings/month, 1 serving/week, arel servings/week. In the prospective study, higher intake of
strawberry was not associated with risk of CVD (p=0.28) nor was itiagsdevith specific
cardiovascular endpoints (all p>0.05). At strawberry intekserving/week, there was a
suggestion of lower risk of CVD mortality, but the findings aretiahiby the low amount of case
counts. In the cross-sectional study, total- and LDL-cholesterol levedshaéh modestly lower
with higher levels of strawberry intake. However, there wereseoaations between strawberry

intake and the relative risk of higher plasma lipid levels (p>0.05).

In addition, after multivariate adjustment, women consumihgervings/week of
strawberries had a 14% lower likelihood of having CRP lex@Isg/L (p=0.012). Since CRP is
negatively associated with strawberry consumption, this may indietstrawberry intake was
beneficial in decreasing inflammation. Sesso et al. (2007) may not have foomgmfound

associations between strawberry intake and CVD endpoints and snduesto the small degree

13



of differentiation between the low to high strawberry groups. In addition, gfecbhinsumption
group £&2 servings of strawberries/week) was considerably lower than thed Btates

Department of Agriculture (USDA) recommendation of 2 servings ofsfdal.

Further epidemiological studies examined the association of ispetcdwberry
flavonoids on CVD mortality and incident hypertension (8, 9). In the lowa Wanhtealth
Study, Mink et al. (2007) examined the prospective cohort associatioadretlavonoids intake
and CVD mortality in 34,489 postmenopausal women over an average of 16 years. CVD
mortality was defined as CVD, CHD, stroke, or total mortality. Flawbiiake was evaluated
by a 127 item food frequency questionnaire. After simple and multivadatstaent,
anthocyanidin intake (0.01-1040 mg/d or 0.03-3099.85 g of raw strawberries) nifisangly
associated with decreased rate of total, CHD, and CVD mortali§@pxcompared to no

anthocyanidin intake.

In addition to anthocyanins, flavanones were also significantly iassdavith lower total
mortality, CHD mortality, and CVD mortality (p<0.05) (8). However, afteiltivariate
adjustment, the association of decreased total (p=0.123) and CVD tmd¢p=a0.054) with
increased flavanones were less significant. Flavanone concentratfooeen and raw
strawberries were considerably less than anthocyanidin concentizeioh80 grams of
strawberries (6). The median of flavanones in the lowest quintile wasg7dé which was
approximately 2923.08 g of raw strawberries (6). The low concentratioavainbne suggested
that although there were positive health benefits associated widaged flavanone intake,

strawberries were most likely not the source of consumption.

Mink et al. (2007) also found that individuals who consumed greatertsarving of
strawberries per week had a lower rate ratio of CHD and CVD ngrp#0.05). Total and

specific flavonoids intake were not associated with risk of stnodetality (p>0.05). In this study,

14



there were suggestions that minimal strawberry consumption may becianiefiowering risk
of mortality due to CVD. Further studies on an appropriate dose of strégb@quired to

prevent CVD mortality may be warranted.

Cassidy et al. (2011) studied the prospective association of flavonoidassaiscand
incident hypertension. Subjects were followed for an average of 14fy@arghe Nurses’ Health
Study I and Il (n=87,242) and Health Professionals Follow-up study (n=23,043). Flavoaké& int
was calculated from semi-quantitative food-frequency questionn@ilesstudy found that
average anthocyanin intake was 12.5-15.2 mg anthocyanins per day and the maimsvarces
blueberries and strawberries. The highest quintile of anthocyatakeiwas associated with an
8% lowered risk of hypertension compared to the lowest quintile of anthocyaka {pt0.03).
Additional analysis of participants under the age of 60 years in the thighesle group
compared to the lowest quintile group had a 12% reduction in incidencpeartdrysion
(p<0.001). This increased protection against hypertension in the yowgeggraap may possibly
be due to the irreversible damage to endothelial function and blood presslderiindividuals.
This also suggested the importance of early detection and impleroemitlietary intervention

to control blood pressure.

However, strawberry intake of >1 serving of strawberries per weeketasgnificantly
associated with a reduction in hypertension (p=0.34) (9). Although stravwdmersymption was
not associated with significant reduction in hypertension, blueberrigsybsl a significant
reduction in hypertension. This suggested that berries may display petidmnsive properties.
Since blueberries have approximately 4-5 times more anthocyanin conté00pgrams than
strawberries (6), strawberry intake may be too low to exhibit a rieduathypertension.
Nevertheless, fruits rich in flavonoids such as anthocyanins may exmbkfideal effects on
controlling hypertension. Further clinical research on the appropriateotiesawberry

supplementation may help clarify the role of strawberries in reducing @«B r
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CLINICAL STUDIES
Strawberries on antioxidant capacity and lipid peroxidation

Development of many chronic diseases had been attributed to the imhalarickative
stress products and antioxidants. Under normal physiological conditionsinaated 1% of
oxidation products form from mitochondrial electron flow to superoxide (3% .gEneration of
this reactive oxygen species in normal cells is typically mediateddiygenous antioxidant
systems such as glutathiometocopherol, carotenoids, and ascorbic acid (35). However,
oxidative stress occurs when oxidation products surpass antioxidantsystattenuate stress.
Exogenous sources of antioxidants have been evaluated as an intereedéorease risk of
chronic diseases. Strawberries have been studied due to the&inhadrposition and popularity
as a fruit. Strawberries contain significant amounts of vitamin C an@ipatyls, which have
been found to have significant antioxidant capacity. Several cliniakd rave reported increased
plasma antioxidant capacity and decreasing oxidative stress producsirafiderry

supplementation.

In a crossover intervention study by Henning et al. (2010), the impact of strawber
consumption on antioxidant capacity was investigated. Twenty one healthlefewere
recruited to consume 250 g of frozen strawberries with breakfast eydoydaree weeks. Lipid
peroxidation lag time increased from baseline in both fasting (25.4+21.0 to 385ad non-
fasting (25.0+£19.6 to 31.1+24.9) serum (p<0.05). LDL oxidation lag phase returned toebaselin
levels after washout of three weeks. This 20% increase in lipidigatmn lag time suggested
that strawberry intervention positively increased antioxidaocisy in the serum. Henning et al.
also measured oxidative DNA damage by calculating the ratio of &6xo-16 dG. There was
a decreasing trend of approximately 1.3 and 0.5 in fasting and non-fastingrespétively

(p=0.12). These findings suggested that supplementation of 250 g of stresveeeryday for 3
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weeks decreased oxidative damage most likely from the increas¢idxidant capacity in the

serum.

Strawberries on blood pressure, inflammation, & lipids

In a single-blind, randomized, placebo-controlled intervention, Erlund et 88)20
investigated the effects of berry intervention on hemostatic fumcierum lipids, and blood
pressure (BP) in 72 subjects with CVD risk factors but are othehgisihy and were not on
medication. Subjects consumed 100g whole berries and 50 g crushed lingonbetyietheve
day and 100 g black currant or strawberry puree and 0.7 mL of cold-pressed chokatberry a
raspberry juice on the alternative days. The control group consumed 1 of dntlifalorie-
control products each day. Erlund et al. found that blood pressure in theitwen was
significantly different from control. Systolic blood pressure (S88dificantly decreased by 1.5
mmHg in berry intervention and increased by 0.50 in control (p=0.050). Diastolic blesslipe
(DBP), on the other hand, did not change in the berry intervention but incrga@&dnbmHg in
the control intervention (p=0.044). However, additional analysis of basgéfnshowed that only
the highest tertile of SBP was significantly different. In the higteztile of SBP, there was a
mean decrease of 7.3 and 0.2 mmHg in berry and control groups, respectively (p=0id824). T

suggested that berry intervention more powerfully influenced blood peasshigher ranges.

In addition, Erlund et al. found no changes in cholesterol and triacyglyceets.le
However, HDL cholesterol significantly increased in berry by 5.2% (0.08lfajrcompared to a
0.6% (0.01 mmol/L) increase in control (p=0.006). A positive increase in HDlestierol was

considered positive for cardiovascular health.

Erlund and colleagues also measured platelet function through the mafasnltagen
and ADP (CADP-CT) time. Supplementation of berries was found to signifiéaotease

collagen and ADP (CADP-CT) time by 11% (8.4 seconds) in berries versusasieof 1.4%
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(1.2 seconds) in control (p=0.018). An increase in platelet aggregatioimiplied that berries

were positive for cardiovascular health by reducing risk of clotting.

The results from this study suggested that berries were positivarébovascular health
by exhibiting positive effects of blood pressure, cholesterol, and platakdidn. However, the
study included a mix of various berries; therefore, the individual effecteawifl®erries cannot be
teased out. In addition, the dose of strawberry intervention was relatieelgst (100g of
strawberries every other day). Nevertheless, the profound effecerdiovascular health despite
the modest dose of berries per day were noteworthy. It also suggesitfienent types of
berries, with complementary concentrations of different polyphenols, mayahdwereased

benefit compared to consuming a single type of berry.

Strawberries, lipid profile & lipid peroxidation

Hyperlipidemia and obesity have been associated with increased risketdpieg CVD
(12, 26, 36). Targeting the decrease of adipocytes and circulaithgiyay be beneficial in the
management of CVD. Dietary management of CVD by increasing strawbtke has been
shown to attenuate lipid profile in several clinical studies (37-38aw®erry intake was found to

decrease lipid profile in participants at high metabolic risk.(37)

Basu et al. (2009; 2010) conducted two intervention studies on the effedezd-tiried
strawberry powder (FSP) supplementation on atherosclerotic mank®rbjects with metabolic
syndrome. The study reported in 2009 was an intervention study without a control grb8&p (n=
whereas the study reported in 2010 was a randomized controlled study (n=2Bkefvention
in both studies was 50 g FSP (approximately 500 g fresh strawberries)deevidra control
group in the study by Basu et al. (2010) received no intervention but consumed thesaguival

amount in liquids.
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Strawberry supplementation was found to significantly reduce totalLBL-
cholesterol. After 4 weeks of strawberry supplementation, Basu et al. (@008@)that subjects
reduced total cholesterol levels from baseline by 5% (5.32 to 5.05 mmol/L) (p<0015)
cholesterol also significantly decreased by 6% from baseline (3.2 to 20LprBimilarly, after
8 weeks of strawberry supplementation, Basu and colleagues (2010) foundieasipdécrease
in total- and LDL-cholesterol compared to a non-intervention, liquid volum&d. In the
intervention group, subjects had a mean decrease of 10% in total cholestsofrbom 5.8+0.2
to 5.2+0.2 mmol/L compared to a non-significant decrease of 0.1 from 5.5 mmol/L imth& co
group. Additionally, subjects significantly lowered LDL cholesterollb$o from 3.5+0.2 to
3.1+0.1 mmol/L compared to no change in the control group. Compared to the studlydrom
previous year, total- and LDL-cholesterol decreased by approximately tiné percentage and
also decreased by approximately twice the mmol/L. Since both intenvestidies received a
similar amount of FSP, this suggested that increased durationviibstrg intervention may

provide additional reduction in total- and LDL-cholesterol.

After strawberry supplementation in the studies by Basu and colle@fi@¢ 2010),
total cholesterol levels decreased from levels considered “tiaadbigh” to levels considered
“best” (40). LDL-cholesterol levels stayed at levels categorizéte@ar ideal” in the study by
Basu et al. (2009) but decreased from levels considered “borderlinetdilgivels considered
“near ideal” in the study by Basu and colleagues (2010). However, since subjecth studies
are at risk for CvD, recommended LDL-cholesterol levels for peatplisk for heart disease is
lower. Therefore LDL-cholesterol levels should be reduced furtharbjects in both studies in
order to reduce the risk of heart disease. Although LDL-cholestermi$ldid not lower to
optimal levels for this population, the significant decrease mggest possible therapeutic

effects of strawberries at lowering LDL-cholesterol levels injexib with metabolic syndrome.
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In a randomized crossover study, Jenkins et al. (2008) found that strawberry
supplementation maintained a lowered lipid profile in 28 hyperlipidsoixects on a portfolio
diet. Subjects in the intervention group were advised to buy and consume 1 |b per 200 kca
fresh strawberries. Control participants received 65 g/d oatbbead. Strawberry
supplementation maintained a reduction in LDL cholesterol. However, theeenwvesignificant
differences between strawberry supplementation and substudy baselir@5§pFhis indicated
that there were no significant strawberry-related effects on lipiilgarHowever, lipid
peroxidation products, measured by thiobarbituric acid-reactive substarere significantly
lower in subjects who consumed strawberry supplementation compared talgiasteline (p <

0.05). This suggested a protection against oxidative damage of lipids.

Participants in the studies by Basu et al. (2009;2010) and Jenkin2€08)) \vere
hyperlipidemic subjects. Hyperlipidemia is a major CVD risk fachkithough participants in all
three studies were hyperlipidemic, subjects in the study by Jenkins eteapnreeiously
maintained on a low-saturated fat therapeutic diet for 2.5 years.tBareewas already a marked
decrease in lipid profile, the low-saturated fat therapeutic digthrave masked any additional

decreases in lipid levels due to strawberry supplementation.

The strawberry dose for the study by Basu et al. (2009), Basu et al. (2010), andetenkins
al. (2008) were comparable (454-500 g/day). However, Basu and colleagues pitepared t
strawberry beverage with FSP whereas Jenkins et al. used freslestresvid he intervention

time was also the same in all three studies (4 weeks).

An inherent limitation of the intervention study by Basu et al. (2009) stagythat there
was no control. However, the study provided important preliminary infoomathich warranted
further investigation with similar dose, duration, and subject populationeAgttr in this study

was that freeze-dried strawberries were more standardized tbarstrawberries purchased from
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the store. Phytochemicals in strawberries are affected by agraidtystems, processing
methods, and storage (41-43). FSP was more effective than commarsééitand storage of
strawberries in maintaining the integrity of nutrients thus edsamaore standardized product.
On the other hand, commercially purchased strawberries in the study by Jéakimsfected
the practical application of including strawberries easily atitdéndy the general public. A
criticism of the study by Jenkins et al. was that the compositions oftéreention and control
diet were not well described. Strawberries and oat bran bread were only degchblesimilar in
caloric content. Additionally, oat bran bread was described to contain @-glu¢an, which has
been shown to reduce total and LDL cholesterol (44). It is unclear whetherddé# g/
strawberries deliver similar fiber content to maintain lipid peodit whether the decrease was
attributed to other factors in the composition of strawberries. Witnolear comparison of the
relevant macro- and micronutrient of both diets, it is difficult to evaltlze characteristic

responsible for the changes.

The high compliance rate for all three studies indicated that incompsitawberries
was feasible and largely acceptable by the participants. The plahatalbing for strawberries
were also significantly higher than that for oat bran bread (p<0.001)agais indicated the
practicality of using strawberries as a dietary intervention. IniaddiBasu and colleagues
(2009;2010) and Burton-Freeman et al. (2010) incorporated strawberriesannthef FSP. This
illustrated that FSP, which were 10% of the fresh weight of straigbeoan be easily
incorporated as a beverage. Since fruit juice consumption was a maj ebtruit intake in the
American diet, strawberries introduced as a beverage may inér@asensumption in the

United States.

Strawberries on postprandial metabolism

Strawberries on postprandial antioxidant capacity
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In a random sequence crossover control study by Cao et al. (1998), 8 healthy female
subjects were recruited to study the effects of strawberrieschpira wine, or vitamin C on
serum total antioxidant capacity. Cao et al. found that intake of 246ttpefberries increased
total antioxidant capacity. This increase in antioxidant capacisydg@monstrated by increase in
the area under the curve (AUC) in serum and urinary oxygen radical absorbarity capa
(ORAC) and ferric reducing ability of plasma (FRAP). AUC of ORACand FRAP increased
by 13% and 10%, respectively, compared to control. Urinary ORAC excretioafisumption
of strawberries was significantly higher than control (p<0.05) (4%% ificrease in both serum
and urinary antioxidant capacity indicated that there was absorptiar ameieased production
of antioxidants as a result of strawberry intake. Cao et al. @lswlfthat vitamin C and urate only
accounted for 8.7% and 39.1% of total antioxidant capacity in plasma@éeberry
supplementation, respectively. Thus, the remaining 50.5% antioxidanttgapay be
contributed by other factors such as strawberry polyphenols and endogenous sources of
antioxidants. This suggested that the composition of strawberries mayhamrtgopounds that
increase antioxidant capacity or compounds that act to increase poacafatindogenous

antioxidant sources.

In addition, further analysis by Paiva et al. (1998) investigated the andtal plasma
responses of carotenoids in 7 out of the 8 healthy women in the study by Cath39&)l. kive
beverages were studied but only the spinach beverage had a significaetef carotenoid
content. Strawberry intervention was expected to produce similarsrasutte control beverage,
both which were practically devoid of carotenoids. The control intervehtid no significant
difference in carotenoid levels from baseline. However, strawbergrége had lower
postprandial carotenoid concentrations than baseline. At 11 and 15 hoursmatstpnaost of
the carotenoids were significantly lower than baseline values (p<Q&jdition, strawberry

intervention had significantly lowered LDL cholesterol after 1 hr frosebae (p<0.05). The
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peak decrease was at 15 hours and after 24 hours returned to levels closdint hBde
cholesterol reduced by 14.1% from baseline. It was hypothesized by Paiva et &lawiadrsies
may have played a role in interfering with secretion of carotenoidse &k cholesterol was a
significant carrier of carotenoids (46), the decrease in LDL ctestdssuggested that alterations
in carotenoid concentrations were not due to decreases in LDL c@imerdr Since carotenoids
have antioxidant activity, strawberry compounds may be protecting agaitymiapolkal

oxidation by preventing the release of carotenoids from lipoprotein. It can bedfieat
strawberries were a factor in affecting the metabolism of lipidsh&uresearch on the effects of
strawberry on carotenoid absorption and secretion may clarify this unexgadiad.fAlso,
additional research on the decrease of LDL cholesterol may providktins the effects of

strawberry on lipid metabolism.

Strawberries on postprandial antioxidant capacity and lipid metabolism

Clinical studies had found that intake of strawberries alone, with a amehlyith a high
fat meal challenge increased postprandial antioxidant capacity or sksti@dadative damage
products. Similar to Cao and colleagues (1998), Prior et al. (2007) found &aigriiicrease in
antioxidant capacity after strawberry supplementation. Prior é2Gf)7] recruited seven healthy
women to consume two servings of 300g Seascape’ strawberries to detbapostprandial
changes in antioxidant capacity. Prior et al. found that the AUC of whadenp ORAG, after
strawberry supplementation is 4314+1153 pmol TE/L - h, which is a 7.0% increadassine

(p<0.05).

Prior et al. (2007) found that consumption of strawberries peaked wholeapBRARC
1.5 hours postprandial and declined thereafter. However, blood sangrkeaat taken after 4.5
hours postprandial and whole plasma ORAC also did not return to zero, teéréfatifficult to

determine the total change in antioxidant capacity after strayvb@pplementation. At 4.5 hours,
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changes in whole plasma ORAC declined to only approximately half of pedd I8irailarly,
after concurrent intake of strawberries with a control coconut drink, Geo(@0898) found that
the peak level for the percentage change in serum total antioxidantg&#@etACoca) is 2 hours
postprandial. In contrast to the findings by Prior et al (2007), antioxidantisapsturned to
baseline after 4 hours postprandial. The rise in antioxidant capacitsalperries was affected
by foods eaten concurrently. Since intake of foods without antioxidants hafobed to
decrease antioxidant capacity (47), serum antioxidant capacity mayédtarned to baseline
more rapidly in the study by Cao et al. (1998) because of the addition afntnel eneal. This
suggested the importance of incorporating foods high in antioxidants, satlwberries, during

each meal in order to attenuate the postprandial decrease in anticsipacity.

In addition, in a randomized, placebo-controlled, 12-week crossover study by Burton-
Freeman et al. (2010), strawberry supplementation significantly reditigkyceride and
oxidized-LDL (ox-LDL) levels compared to control. This study investg the postprandial
effects of strawberry supplementation in response to a high fat niefél) (¢hallenge
(approximately 28% fat) in 24 participants with dyslipidemia. Particgoajpat baseline, ingested
a 10 g freeze-dried strawberries or a macronutrient matched cahtveilerage and a HFM and
2) after 6 weeks of consuming strawberry or control beverage daily, both gngapsed a HFM
with the control beverage only, without a strawberry beverage. BEresman et al. (2010)
found that acute and chronic supplementation of strawberry beveragegppagprandial rise
after a high fat meal challenge in plasma levels. However, chronicesugpiation did not

change fasting clinical endpoints.

After consuming a strawberry beverage with a HFM, there was a sagttifieduction in
postprandial rise in plasma TG (P=0.005), HDL (P=0.003), and ox-LDL (P=0.0008) azhipar
control. Mean plasma TG were at normal levels (135.7+1.8 mg/dL) irotiteotgroup and

strawberry intervention group (130.8+1.8 mg/dL) (48). According to the isareHeart
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Association (AHA), intensive lifestyle and dietary changes casilplgsreduce TG levels up to
50% (48). Therefore, incorporation of strawberries that wergréfisant decrease in TG
concentrations may be beneficial in decreasing CVD risk. Mean alei®h levels were
considered at risk for the control group (44.4+0.2 mg/dL) and the strawhtaryantion group
(43.8+£0.2 mg/dL). Although reductions in HDL cholesterol are consideredivegat
cardiovascular health, the mean difference between interventiopsgnoay be statistically

significant; however, the 0.6 mg/dL difference may be of less biologiigaificance.

Furthermore, Burton-Freeman et al. (2010) found that after adjustanghefsubject’s
fasting ox-LDL concentrations, mean change in plasma ox-LDL concentrationgmiicantly
lower in the strawberry intervention group than in the control group. Irirénsteerry
intervention group, there was an average decrease of 1.0+1.5 U/L in ox-LBd plasma. On
the other hand, the control group had an average increase of 6.3+1.5 U/L in ox-ttBL
plasma. A decrease in ox-LDL may be due to an increase in antioxidant whiettgucigainst
oxidation or a decrease in LDL cholesterol concentrations. On the contraignBueeman et al.
(2010) found a significant increase in LDL cholesterol in the steawhbntervention (p=0.04).
This small but significant increase of 1.5 mg/dL from 118.4 mg/dL in the combtopg
demonstrated that strawberries protected against LDL oxidatibowtia decrease in LDL

cholesterol.

In addition, after 6 weeks of strawberry intervention, postprandialrisean
cholesterol (p=0.0001), LDL (p=0.0002), and TG (p<0.0001) were significantly reduce
compared to the control intervention. This displayed that chronic consumgbtstrawberries,
even if not consumed concurrently with the HFM challenge, will reduce therandtal rise of
mean cholesterol, LDL, and TG. This protection against postpraimhatin was found to be

independent of changes in fasting lipid levels.
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The implications of these studies were that the types of foods eatenreotigurith
strawberries may affect the duration and AUC of postprandial rise dmd figids. Further
studies on the changes of postprandial response to different amcroracronutrient
compositions of meals eaten with strawberries may be warranted. Anogiieation was that
strawberries incorporated into the daily diet as well as a one+titneporation with a meal will
protect against postprandial lipemia and oxidation of LDL without changstigdeplasma
levels. This suggested that including strawberries into the diebenaye way of protecting
against CVD by minimizing the postprandial rise of lipids and oxidation of.Iblese data

agree with other studies that suggest the positive role of straggiercardiovascular health.

Strawberries on postprandial inflammatory and thrombotic responses

In a crossover study by Ellis et al. (2011), strawberry supplementatioiouabto
significantly protect against postprandial increases in fibriiwond inflammatory factors after
high carbohydrate/fat (HCF) meal. In this study, 24 overweight subjectsroedsstrawberry or
control beverage for 6 weeks to investigate the effects of streydmnsumption on plasma
glucose and insulin secretions as well as inflammatory and fitiméactors in 1) fasting
plasma levels and 2) postprandial, after a HCF meal challenge artiplaeverage. The
strawberry beverage contained 10 g freeze-dried strawberry powder (appebxibdd® g fresh
strawberries) and the control beverage was matched for calotjgsptain, and carbohydrates.
The HCF meal with the placebo beverage consisted of 134.3 g of carbohg8r@®é 6f kcals)

and 30.6 g fat (28.6% of kcals).

After 6 weeks of intervention, there were no significant differsmedasting values for
glucose, insulin, inflammatory and hemostatic factors between strgvelvel control beverages
(p>0.05). However, high sensitive (hs)CRP (p=0.09), interleukin (bL)p£0.08), and tumor

necrosis factor (TNF-(p=0.07) in the strawberry intervention showed marginal decrease
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compared to the control group. The marginal decrease found in this stsayostlikely due to
the low dose of strawberries. Other studies have observed a differencaaitivexor
inflammatory stress products after chronic supplementation in dasestBnes greater than in

this study (37-39, 49).

However, strawberry supplementation with a HCF meal displayedhaoiibotic and
anti-inflammatory postprandial response by decreasing plasminogeat@ctinhibitor (PAI)-1
and interleukin (IL) activity. After 6 weeks of strawberry intertien, strawberries significantly
decreased PAI-1 (p=0.002) and 1B-p=0.05) compared to control. Also, IL-6 concentrations
was found to decrease marginally when controlling for fasting IL-6 coratimts (p=0.07). PAI-
1 is an inhibitor of fibrinolysis (50). An increase in PAI-1 suggestenherease risk for
thrombosis by inhibiting break down of blood clots (51). Lid a cytokine and a marker for
inflammation. There were no treatment related differences ipraostial glucose, insulin,

hsCRP, or TNFe response (p>0.05).

Ellis et al. (2011) added to the continual evidence that strawbemw@isymesponse to
oxidative and inflammatory stress. In this study, strawberries warafto attenuate postprandial
rise in inflammatory cytokines and pro-thrombotic responses in overweighamaewomen after
6 week of daily supplementation. Similar to Burton-Freeman et al. (2010), chroni
supplementation of strawberries attenuated postprandial responses theeabsence of
strawberries during that particular meal. In addition, there was onlygimabchange in fasting
levels of inflammatory and oxidative stress markers after chrapjglementation. This displayed

the protective properties of strawberries in the absence ddtates in plasma concentrations.

Strawberries on postprandial glucose metabolism

Postprandial metabolism of glucose has become increasingly importantnhepain

postprandial control of serum glucose concentrations appeared tatee telincrease risk of
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CVD (52). Postprandial hyperglycemia has been identified as an indepeskdattor for CVD
(52). Hyperglycemia alters endothelial function, increases thros)tasl increases adhesion
molecules (52). Endothelial function is affected by the decreaseimaitde (NO), which
regulates vascular tone. A dysfunction in the vasodilation of the endwothielicombination with
the increased platelet aggregation may lead to cardiovasculandysfu(52). Hyperglycemia
also induces the increase in adhesion molecules, intercellulaiadhedecule (ICAM)-1.
Increased expression of ICAM molecules have been attributed to the aotwbiitherosclerosis.
In addition, excessive postprandial glucose concentrations are toxic andeyeratative stress
(53). These cell toxicity and oxidative stress products may ireghgsation end-products and

free radicals that promote atherosclerosis.

Strawberries in the form of a mixed berry purée had been found to thégoostprandial
glucose response (54). Térronen et al. (2009) conducted a randomized, comrodiedyver
study on the postprandial effects of a mixed berry purée on plasma glutastve healthy
subjects. The test meal consisted of 37.5 g of each of the following bblaigls currants,
bilberries, European cranberries, and strawberries (a total of 190egriafs). The control meal
had a similar carbohydrate profile as the berry meal with 35 g sucrose, 4.5 g¢glaus5.1 g
fructose. Participants ingested the test meal or control meabak&hour overnight fast and
blood samples were taken at baseline and at different time pointsgpak#hr Trronen et al.
(2009) found that after consuming the berry meal, plasma glucose concenfratikad at
approximately 7.4 mmol/l after 45 minutes. The plasma glucose concentrati@nparticipants
that ingested the control meal peaked at approximately 8.5 mmol/l after 3@snastprandial.
Recommended glucose concentrations are less than 10.0 mmol/L 1-2 howsrefedr(55),
therefore glucose concentrations in the participants are within noamgd. Although the
control and berry meal had similar carbohydrate profiles, the contedletieited a more rapid

and higher peak in plasma glucose concentration than the berry meal.
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Polyphenols from berries have been found to inhilgtucosidase and-amylase
activity, enzymes important in digestion of carbohydrates (56). Sp#bifie-glucosidase digests
sucrose into glucose ameamylase digests polysaccharides into glucose and maltose (57). Since
the control meal was comprised of simple sugars, inhibitiengificosidase is more likely the
cause of the decrease in glycemic index in the berry meal. In a study by Ketab{2009),
strawberry jams composed of different ratios of saccharides amaviioe shown to affect
postprandial glucose response differently. The glycemic index of stnawyams made from
differing free sugar concentrations ranged from 17 to 76 (58). Additional sStudiasuringn
vivo a-glucosidase activity after berry consumption may confirm the role oppehpols in

carbohydrate metabolism.

Furthermore, Torronen et al. (2009) found that at 15 and 30 minutes postprandial, the
berry meal had significantly lowered plasma glucose concentrationsdhtnl (p<0.05 and
p<0.001, respectively). According to the graph, at 15 minutes postprandialaghsmose was
approximately 5.5 mmol/l in the berry purée meal and 6.5 mmol/l in the comtadl And at 30
minutes postprandial, plasma glucose was an estimated 7.2 mmol/l in thpuyéaymeal and
8.5 mmol/l in the control meal. In addition, at 150 minutes postprandial, therbealhad a
significantly higher plasma glucose concentration than control (appaieiy™.9 mmol/l vs 4.5
mmol/l, respectively). The differences in glucose concentratidroaetthree time points were
not due to changes in AUC. Although the AUC tended to be lower after the bedrthane after
the control meal, this was not found to be significant (p=0.29). This tedithat berry purée
attenuated postprandial glucose concentrations without decreasing theoAtiditrations of

glucose.

An attenuation of glucose concentrations after a meal may be beneficgtiovascular
health since excessive postprandial glucose can be cytotoxic (59). iEx@ewsprolonged

increase in glucose levels can lead to increased protein glycation arad@tcheee radical
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production (59). This in turn may increase risk of CVD by affecting endatletfiction (59).

The subjects in the study by Torronen et al. (2009) were healthy and mairgkicese
concentrations within normal limits; however, foods that attenuate gleoosentrations may be
more pertinent in participants who have impaired glucose toleramtiabmtes. Therefore, further
studies on the effects of berries on postprandial glucose may be béiresaiject populations
who are at risk for glucose intolerance or diabetes. In addition, fugtindies on strawberries

alone may help elucidate the role of strawberries on glucose metabolism
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CHAPTER IlI

MATERIALS AND METHODS

Participants

Following approval from the Institutional Review Board (IRB), men and wom#n wi
abdominal adiposity and dyslipidemia were recruited from the Clinicsg¢d&eh Center (CRC) at
Oklahoma University and at the Department of Nutritional Sciences (NsCOklahoma State
University through flyers and campus e-mail advertisements. Pantisipad an initial telephone
screen and then were scheduled for a screening visit. Subjects wéfedjthabugh inclusion
and exclusion criteria. After qualification, 17 subjects were randahtiz match for age and
gender. Eight subjects were enrolled in the strawberry intervesmiod® subjects were enrolled
in the control group.

Inclusion criteria

Subjects were included based on inclusion criteria:

1. Abdominal adiposity (men >40 inches, women >35 inches) (60)

2. Dyslipidemia (two of four criteria: fasting total cholesterol >20@/dL, triglycerides
>150 mg/dL, low density lipoprotein (LDL) —cholesterol >100 mg/dL, or high
density lipoprotein (HDL)-cholesterol (men <40 mg/dL, women <50 mg/dL) (60)

3. Normal liver, kidney, and thyroid function tests

4. Stable multivitamin/mineral supplements or prescription medica(msxept
hypolipidemic, hypoglycemic, and steroid agents) will also be included

5. Males and females

6. Any ethnic group
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Exclusion criteria

Subjects were excluded based on exclusion criteria:

1. Pre-existing disease (e.g. anemia, cancer, heart disease,sljfdstieg glucose126
mg/dL], liver, or renal disorders)

2. Pregnancy and lactation

3. Consumption of mega doses of antioxidants/fish oil supplements (>1 g/day)

4. Consumption of hypolipidemia, hypoglycemic, and steroid medications

5. Abnormal hemoglobin (Hb) (normal range: 12.0-18.0 g/dL), white blood cell (WBC)
(normal range: 4.0-11.0 K/mm3), or platelets (140-440 K/mm3)

6. Hypo/hyperthyroidism (normal range for thyroid stimulating hormone: 0.35-4.940
uiu/mL)

7. Abnormal liver enzymes (normal range for aspartate transaminasé: (A8T units/L,;
alanine transaminase (ALT): 10-45 units/L)

8. Abnormal kidney function (normal creatinine: females: 0.7-1.2 mg/dL;sn@al8-1.2
mg/dL; normal blood urea nitrogen (BUN): 1-59 years: 7-18 mg/dL; >59 ye&k: 8-
mg/dL)

9. Smoking and drinking alcohol (>1 oz/day)
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Methods: Research design

Subjects identified with abdominal adiposity and dyslipidemia

Block Randomization (n=15/group)

v v

Fiber/calorie control FSP* (50 g/day)

v v

12-week intervention (2 cups beverage/day)

v

Anthropometrics, blood pressure, and blood draws at screen, 6 weeks, and 12 weeks

v

Subjects come 2-3 days/week to Clinical Research Centetibluti Sciences building for
compliance
Subjects compensated $30/week or a total of $360 for 12 weeks
*FSP = Freeze-dried strawberry powder

Intervention and compliance

Subjects consumed 2 cups of the intervention beverage or control bevehager da
weeks. The intervention beverage consisted of 50g freeze dried estnawtended into 2 cups of
water with splenda (optional) per day. The control beverage conefsBegl fiber (dietary
cellulose + Metamucil), 8 tsp sugar, 2 tsp of strawberry Koolaid®©, andp$ af red food
coloring blended into 2 cups of water per day. Nutrition composition otithetserry and

control intervention is listed on Table 1.

All subjects made mandatory visits to the research faciiti@slays/week to ensure
compliance. The remaining quantities of beverages were provided in confainater
consumption. Height, weight, blood pressure, and waist circumference wergeddagtrained
personnel at the Clinical Research Center (CRC) at Oklahoma Bityvg@U) and at Nutritional

Sciences building at Oklahoma State University (OSU) aeacEweeks, and at 12 weeks of the
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study. Blood draws were performed by trained nurses at CRC and by traineckgmists at

Stillwater Medical Center at OSU.

Dietary analyses

All subjects were asked to follow their usual diet and lifestylerdfuhin from other
sources of berries and related products while on the study. Subjects alsinedi8-day food (2
weekday and 1 weekend) records at screen, 6 and 12 weeks of the study. Thremday afe
micro- and macronutrient intakes were calculated using Food Poo¢ESHA Research, Salem,
OR). If a participant ate a food that was not in the database, an onlicie sEthe nutrient

composition was made or a food with very similar nutrient composition was chosen.

Clinical variables

Fasting blood samples, after each draw were immediately sent to OUaMédider
laboratory or the Stillwater Medical Center laboratory for cotm@nsive metabolic panel (CMP)
including glucose, insulin, glycated hemoglobin, lipid panel, electrolytes, kidney, thyroid
tests, and complete blood count at each visit. Remaining plasma and serum samgtsrad

at -80°C for future analyses.

Biomarkers of oxidative stress

Plasma concentrations of oxidized-LDL were measured using enzymd-linke
immunosorbent assay (ELISA) kits (Mercodia, Uppsala, Sweden))diegdo the
manufacturer’s instructions. Lipid peroxidation were measured in seruralasdialdehyde
(MDA) using a colorimetric assay according to the manufacturest®gol (LPO-586TM, Oxis
Health Products, Inc., Portland, OR). All samples were assayed iocatfs within our

established inter assay variations of 10% for each variable.

Statistical analyses
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Descriptive statistics were used to calculate the frequen@n,maed standard error of
each parameter. Baseline differences between strawberry imtiervand control were assessed

by independent samptéest.

Changes in anthropometric measures, blood pressure, serum glucose, induilig a
profile between strawberry and control groups were assessed by #neraifs in measurements
of each group at baseline, 6 weeks, and 12 weeks. One-way ANOVA test das assess
statistical difference between different time points between aywand control intervention.
Additional analysis of within group changes at different time points ves@esaed by repeated
measures ANOVA. Statistical significance was set at P < 0.08.dDatrepresented as mean +
standard error. All statistical analyses were run by SPSS fadMiis (version 17.0, SPSS,

2008).
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CHAPTER IV

RESULTS

A total of 25 participants were screened for the study. Of those ®jlfj@garticipants
met the satisfactory inclusion and exclusion criteria and agreed to bie@madhe study. Eight
subjects were randomized into the strawberry intervention and 9 subjeetsawdomized into
the control intervention. All the subjects who were enrolled conplbie 12 week study. In
addition, 100% of the subjects in both groups adhered to the diet, which esscalsky
returning bottles empty of research contents to researchers 2-3 timesghe There were no

complaints from the participants about adverse effects from supplementation.

No significant differences were found in baseline characteristiesebatstrawberry

intervention and control (Table 2).

Anthropometric measures and blood pressure

At baseline, anthropometric measures and blood pressure of the straavizeagntrol

intervention groups were not statistically different.

Anthropometric measures did not significantly change in the strayibéervention
group from 0 to 12 weeks (Table 3). Waist circumference significanthedsed by 0.694 inches
(p=0.015) from O to 6 weeks, but increased by 0.712 inches from 6 weeks to 12 weeks (p<0.05).
However, the net change from 0 to 12 weeks was not significantly differemilarg,

anthropometric measures did not significantly change in the controlénterm after 12 weeks
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of supplementation (Table 3).

Blood pressure did not significantly change in the strawberry or contnap gifter 12
weeks supplementation. Between group differences in blood pressure wstegistcally

significant.

Glucose and insulin

At baseline, glucose, hemoglobin Alc, and insulin were not significantlyeatitfe

between strawberry and control group (p>0.05).

Fasting glucose, hemoglobin Alc, and insulin did not significantly change in the
strawberry and control group after 12 weeks supplementation (Tablet@gddegroup

differences in glucose, hemoglobin Alc, and insulin were not statistiogdlifisant.

Lipid profile

Baseline lipid panel between strawberry and control intervention wegstatistically

different.

Lipid profile did not significantly change in the strawberry and comrolp after 12
weeks supplementation (Table 3). Between group differences in lipid pareehat statistically

significant.

Biomarkers of lipid oxidation

In the strawberry group, mean ox-LDL was 133.5 + 5.1 U/L at baseline (Fpbdter 6
weeks intervention, ox-LDL decreased significantly from baseline bgamraf 10.4 U/L
(p=0.011) (Table 5). From 6 weeks to 12 weeks, ox-LDL decreased furthendgraof 3.9 U/L.

Ox-LDL significantly decreased from baseline to 12 weeks by 10.6% (p=0.08dle(%).
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At baseline, mean ox-LDL was 127.0 £ 5.8 UilLthe control group (Table 3). From
baseline to 6 weeks of the study intervention, mean ox-LDL significanthgdsed by a mean of
7.1 U/L (p=0.001) (Table 5). From 6 weeks to 12 weeks, ox-LDL decreased furthendgnaof
1.0 U/L. After 12 weeks, ox-LDL significantly decreased by 6.4% comparbdseline

(p=0.001).

The between group changes from baseline to 6 weeks, 6 weeks to 12 weeks, amgl baseli
to 12 weeks were not statistically different for ox-LDL (p>0.05) (TdbldHowever, from
baseline to 12 weeks, participants who consumed the strawberry supplemdraedta

decreasing trend of ox-LDL concentrations compared to control (p=0.054).

In the strawberry group, mean MDA was 3.0 + QuRPat the beginning of the study
(Table 3). After 6 weeks of supplementation, MDA significantly desed by a mean of 0.4
(p=0.021) (Table 5). After 12 weeks, MDA decreased further by a mean qiM.&ém 6
weeks. At the end of the study, MDA significantly decreased by batio28.3% from baseline

(p=0.007).

At baseline, mean MDA was 0.17 £+ 0,091 in the control group. From O weeks to 6
weeks of the study, MDA significantly decreased by a mean ofyfd#Mg=0.010) (Table 5).
However, from 6 weeks to 12 weeks, MDA increased by a mean ofiPlOAfter 12 weeks,

MDA significantly decreased by a total of 14.8% (p=0.048).

The between group changes from baseline to 6 weeks, 6 weeks to 12 weeks, aral baseli
to 12 weeks were not statistically different for MDA (p>0.05) (Tabld=dom baseline to 6
weeks, MDA decreased in both groups. However, from 6 weeks to 12 weeks, thesiaw
intervention had a decreasing trend in MDA concentrations compared tol ¢pra®93).
Nevertheless, the summed change in MDA concentrations was not sighjfaiferent between

groups from baseline to 12 weeks.
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Dietary intake

Dietary intake of the strawberry and control group for baseline and 2 wese
presented on Table 6. Nutrient analyses were not statistically differenty of the nutrients at
baseline and week 12 for the strawberry and control intervention (p>0t@bhaBeline dietary
intake for one participant in the strawberry group was not indicativeuaf urgake because the

subject was suffering from gastrointestinal problems unrelated &iuttg.

At week 6, fiber intake in the control group was significantly highan the strawberry
group (19.4 £5.9 g vs 13.3 £ 1.7 g, respectively) (p=0.036). At week 12, selenium intake wa
significantly higher in the strawberry group than the control group (56.0 ¥s 33.7 + 5.0,

respectively) (p=0.04).
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TABLE 1: Composition of strawberries and control beverage

Nutritive value Freeze-dried strawberries (50g'* Control ?
Calories (kcal) 150 150
Protein (g) 3.5 -
Fat (g) 0.5 -
Carbohydrates (g) 50 -
Dietary fiber (g) 8 8
Ash (g) 3.17 -
Vitamin C (mg) 109 3
Total Phenolics (mg?® 2006 -
Total Anthocyanins (mg* 154 -
Ellagic acid (mg) 41 -
Phytosterols (mg) 50 -

! Ten percent fresh weight; California Strawberry Commission (@Maite, CA, USA).

% Fiberstir LLC (Plymouth, MN, USA)
*Expressed as milligram gallic acid equivalents
*Expressed as milligram cyaniding-3-glucoside equivalents
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TABLE 2: Baseline characteristics of participants

Strawberry Intervention Control
n 8 9
Age (years) 46.5+4.1 51.8+2.8
Male/Female (n/n) 2/6 1/8
Waist circumference (inches) 453 +2.0 415+1.0
BMI (kg/m?) 39.0+29 35.6+1.9
TC(mg/dL) 2129+115 211.7+12.9
LDL (mg/dL) 140.0 +11.9 128.0 + 10.9
HDL (mg/dL) 451+7.2 46.3+3.2
TG (mg/dL) 179.9+24.2 185.2+ 255
Multivitamin users (%) 2.0 1.0
ALT (IU/L) 245+2.6 28.1+24
AST (IU/L) 241+1.2 240+1.8
BUN (mg/dL) 13.5+0.6 15.3+1.0

'Data are means * standard error.

Abbreviations: BMI, body mass index; TC, total cholesterol; LDL, low dgtigioprotein; HDL,
high density lipoprotein; TG, triglycerides; ALT, alanine aminotrarsfer AST, aspartate
aminotransferase; BUN, blood urea nitrogen.
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TABLE 3. Anthropometric measures, blood pressure, glucose control, and lipid paagi@pants after 12-wk supplementation with
freeze-dried strawberries or control treatment

Desirable
Rangé Strawberry Intervention (n=8) Control Intervention (n=9)
0 week 6 week 12 week 0 week 6 week 12 week

BMI (kg/m ?) 18.5-24.9 39.0+29 38.8+2.9 38.9+3.2 356+1.9 35.7+2.0 356 +1.9
Waist (inches) Men <40 453+£2.0 446 +1.8 453+2.0 41.5+1.0 416+1.0 421 +1.2

Women <35
SBP (mmHg) <120 136.5+4.2 134.6+3.7 1345+%5.2 130.8+45 131.1+£39 131.1+£3.0
DBP (mmHg) <80 86.4 + 3.7 84.9+3.3 84.1+35 82.1+1.2 80.8+1.6 93.4+1.6
Glucose (mg/dL) 90-130 89.5+5.6 95.8+6.5 89.0£5.9 91.0x+6.1 98.8 +4.6 93.4+6.6
HbA1c (%) 4.5-6 5.9+0.19 - 5.8+0.31 6.0+0.18 - 5.7+0.14
Insulin (MU/mL) 5-20° 17.7+£3.1 18.6 +2.6 155+£3.0 26.4+£5.8 20.0+1.4 18.2+2.4
TC (mg/dL) <200 2129+115 202.0+84 201.8+7.3 211.7+129 209.4+13.8 213.1+13.9
LDL (mg/dL) <100 140.0+11.9 1285+5.8 123.6+8.7 128.0+£10.9 128.2+11.7 127.2+11.3
HDL (mg/dL) Men >40 451+7.2 43.0+6.3 445+ 47 46.3+3.2 449+ 34 494+ 3.6

Women >50
VLDL (mg/dL) 5-40° 35.8+4.8 39.3+3.8 37.4+£4.0 37.0x5.1 36.2+6.1 35.7+5.1
TG (mg/dL) <150 179.9+24.2 195.0+17.4 185.1+ 185.2+255 180.9+30.6 168.6+20.8

19.6

'Data are means * standard error.
’Ranges from MayoClinic.com.
*Ranges from Drugs.com.
Abbreviations: BMI, body mass index; Waist, waist circumferencé, SBstolic blood pressure; DBP, diastolic blood pressure; HbAlc,
hemoglobin Alc; TC, total cholesterol; LDL, low density lipoprotein;L5HBigh density lipoprotein; VLDL, very low density lipoprotein;

TG, triglycerides.
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TABLE 4. Change in lipid profile and oxidative stress markers at differemstpiomts after 12-wk supplementation of freeze-dried
strawberries or control treatmént

A (0-6 wK) A (6-12 wk) A (0-12 wk)
novenion  Control novenion  Contro ntovenion  Conto

TC (mg/dL) 10.9+8.3 22+6.7 0.25 5.9 3.7 +8.4 11.1+8.9 1.4+12.1
LDL (mg/dL) 11.5+8.8 -0.22+8.0 49+7.9 1.0+5.1 16.4+11.1  0.78+9.2
HDL (mg/dL) 21+26 1.4+16 15+2.1 46+2.7 0.63+3.2 31+3.7
VLDL (mg/dL) -3.5+3.3 0.78 4.0 1.9+2.9 0.56 + 3.3 1.6+3.2 1.3+2.8
Ratio LDL:HDL 0.14+0.20  -0.13+0.12 0.36 £014 0.11+0.19 05+0.26  -0.02+0.19
TG (mg/dL) 15.1+16.7  4.3+20.9 99+151  12.3+17.6 53+165  16.7+11.3
OX-LDL (ng/mL) 104 +2.4 71+1.1 3.9+1.7 1.0+ 1.6 143427 81+1.3
MDA (uM) 0.45+0.12  0.48+0.12 0.17+0.09  -0.07 +0.15 0.63+0.13  0.41+0.13

'Data are means * standard error.
"Trend, 0.05 < P < 0.1 difference compared to control.

Abbreviations: TC, total cholesterol; LDL, low density lipoprotein;L5Bigh density lipoprotein; VLDL, very low density lipoprotein;
TG, triglycerides; OX-LDL, oxidized low density lipoprotein; MDA, mal@aadehyde.
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TABLE 5: Repeated measures ANOVA comparison of within groups at 0 week, 6 weeks, aeek$2 w

Strawberry Intervention Control

OX-LDL (ng/mL)

0 Week 133.5 + 51 127.0+5.8

6 Weeks 123.1+ 42 1199+5.98

12 Weeks 1193+ 34 1189+6.1
MDA (uM)

0 Week 3.0+0.72 2.7+0.18

6 Weeks 25+0.24 2.2+0.18

12 Weeks 2.3+0.13 2.3+0.17

!Data are means * standard error.

*Values in the same column with different superscripts are signiljcdifferent for each set of observations (p<0.05).
Abbreviations: OX-LDL, oxidized lipoprotein; MDA, malondialdehyde.

No differences between times within groups on cholesterol, triglycerids,HiIDL, and LDL:HDL.
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TABLE 6. Nutrient analysis of dietary intake at 0 week and 12 weeks

0 week 12 weeks
Sibery, conmo Siber,  cono

Calories (kcal) 1716.6 £ 345.8 1949.0 £ 146.2 1786.3 £ 151.1 1809.2 £ 100.8
Protein (g) 726 £13.0 66.5+5.6 83.3+14.4 67.7+7.7
Carbohydrates (g) 196.7 £ 43.6 238.5 +20.7 202.4 £ 23.4 202.2+8.2
Fiber (g) 143+1.8 16.7 £ 2.3 16.6 +2.1 16.6 +2.1
Fat (g) 70.4 +£16.7 84.5+6.5 735+6.4 795+6.4

Saturated Fat (g) 21.4+49 247 +25 21.5+2.7 27.6£3.2

Monounsaturated Fat () 145+4.2 174+ 35 13.8+2.9 165+2.1

Polyunsaturated Fat (g) 76+25 10.7+1.1 7.7+1.7 8.6+1.0
Total Cholesterol (mg) 208.2 +41.2 209.3+19.9 175.2 £ 36.3 238.0 £45.3
A-RAE (ug) 566.2 + 175.3 323.2+109.9 384.7£174.5 359.3+68.1
Vitamin C (mg) 101.8 £ 38.8 50.6 +10.9 73.6 +15.2 59.2+15.9
EToco (mg) 2.6 £0.52 7.0x£20 41+1.4 44+11
Folate (ug) 231.4+£55.5 349.3+138.0 213.3+35.1 245.0+61.7
Calcium (mg) 758.1 +243.0 575.3+90.4 613.7 £ 152.4 646.0 + 46.0
Copper (mg) 0.61+0.19 0.63+0.11 0.67 £0.09 0.57 £0.09
Iron (mQ) 10.8+1.5 12.8+2.6 10.5+0.85 156 +2.5
Selenium (ug) 55.2+16.1 36.9+6.4 56.1 + 9.0* 33.7+5.0
Zinc (mg) 59+15 6.8+1.9 6.8+1.2 57+0.9

! Data are means + standard error.
Abbreviations: RAE, retinol activity equivalents; EToco, tocopherols.

* Significantly different than control at p=0.04
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CHAPTER V

CONCLUSION

Our study showed a significant decrease in baseline ox-LDL and MDA fromi& \aed
12 weeks after strawberry and control intervention. Ox-LDL also showledraasing trend after
12 weeks of strawberry supplementation compared to control. In this 12 weeknssudbjeicts
with dyslipidemia and abdominal adiposity, strawberry beverage did mificagtly change
anthropometric measures, blood pressure, glucose, insulin, lipid panel, and bisnoéilpid

oxidation compared to a fiber-control beverage.

Different forms of strawberries that have been used in differentalitrials are freeze-
dried, frozen, fresh, jam, and puréed. Of the 12 clinical trials that weevedj 4 studies
similarly used freeze-dried strawberry powder (37, 38, 50, 61)d¥y sised frozen strawberries
(49), 4 studies used fresh strawberries (39, 45, 47, 62), 1 studgtuessterry jams (58), and 2
studies used a mix of different berries (63, 64). The fresh lstraywequivalent for the doses used
in the studies using FSP, frozen strawberries, and fresh strawbesre2e4@0-500 g, 250 g, 250-
454 g, respectively. The dose in the study using strawberry jams wgar0lg the two
previous studies that used mixed berries, 150-160 g of berries were consuned], 3¢hg of
strawberry purée was consumed every other day in one study and the second dt@@dyusef
strawberries per day. Therefore, the dose of strawberries in ourstyidater or equal to that

used in previous studies.

Since freeze-dried powder (FSP) strawberries are approximatelpflibinfresh
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strawberry weight, FSP allows for larger doses of strawberriesdortsaimed per day and is also
a concentrated source of strawberry polyphenols and fiber. In previous dliilsalthe fresh
weight equivalent of various forms of strawberries used ranged from 100 g ¢po A66ording to
the USDA MyPlate.gov, men and women 19-50 years of age require 1.5-2 cups of frddg.pe
50 grams of FSP strawberries or 500 g of fresh strawberries used in ouecptiady to
approximately 3.5 cups of strawberries per day. This is well withingheopriate

recommendation for fruit consumption per day.

In our study, the intervention was longer than previous long term stad@sing
strawberry supplementation (12 weeks vs 3-8 weeks, respectively). Wereralso multiple time

points at baseline, 6 weeks, and 12 weeks in order to better assessigfes ah@ach participant.

Strawberries on anthropometrics and blood pressure

Anthropometric measures did not significantly change from baselit# weeks. Similar
to other studies, body weight, waist circumference, and BMI did not ch&egéoag term

strawberry intervention (37-39, 64).

However, in contrast to the null finding on blood pressure in this study, uralya sy
Erlund et al. (2008) berry supplementation has been shown to significantaskesystolic
blood pressure (SBP) in healthy subjects with cardiovascular diseaB8 (iGk/factors
compared to calorie control (64). There may be multiple explanatiottsigatifference in
finding. First of all, Erlund and colleagues used a blend of berrieg tatirean isolated species
of berry. The varying concentrations of different polyphenols may be workimeggigtically in
the biological system to decrease blood pressure. Secondly, the controltidyhieysErlund et
al. was a calorie control whereas the control in our study was aafideralorie matched control.
According to a meta-analysis of the relationship between dietarydiiseblood pressure,

increasing dietary fiber, where levels are below recommendatieassases both systolic and
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diastolic blood pressure (65). Therefore, there may not have beenfengrdiés between
groups due to the blood pressure lowering effects of fiber. In addition, the sanepie the
study by Erlund and colleagues were approximately four times the sizesaintipde size in our
study. Lastly, although subjects in both studies were pre-hypertensivegtsubjour study have
higher BMIs and abdominal adiposity compared to the subjects in the studlbg &nd
colleagues. Subjects in our study were obese whereas subjectstindthby Erlund et al. were
at the cusp between normal and overweight. Since obesity and abdaipoalty are
independent risk factors for developing hypertension (66), the increasslofiestress may

require interventions closer to pharmacological doses in order to allwétreye in blood pressure.

Strawberries on glucose and insulin

In our study, strawberry supplementation did not significantly affect ghu¢@snoglobin
Alc, and insulin concentrations. In a study by Torronen et al. (2009), berry supaitomedit
not change the postprandial area under the curve response of serum glucoser, hewgve
supplementation was found to attenuate the spiked glucose response afiérehm may
suggest that strawberries may attenuate postprandial rise in gleiwose without changing
overall glucose concentrations. A decrease in hemoglobin Alc may suggestasden mean
serum glucose levels over the course of the study. However, the ndicaig small decrease
and large variation limits the interpretation of these numbers. Myertantly, glucose and
hemoglobin Alc levels were within desirable ranges (67), a signtfdecrease in glucose

control would not be beneficial to subjects.

Strawberries on lipid profile

In our study, we found that within group and between groups changes in ligld prof
were not significantly different after strawberry supplementatdthough total cholesterol (TC)

did not significantly decrease from baseline nor were there sigmtitiedween group changes, it
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decreased by a mean of 11.1 mg/dL in the strawberry group, which may have poskibieal
significance. Although not significant, mean TC reduced to levels tdadeal (mean T=201.8
mg/dL vs ideal <200 mg/dL) . Similarly, although there were no significamédse from
baseline nor significant between group changes, LDL cholesterol reduced bydglldin the
strawberry intervention group after 12 weeks supplementation. The leasBlinevels were
“borderline high” but after 12 weeks supplementation are “near id&a)’ Although not
statistically significant, the reduction in LDL in the strawlyegroup compared to little change in
the control group may have been significant if given a larger sampldrsedition, the positive
change in categorization of LDL cholesterol concentrations may suggstve biological

effects after chronic consumption of strawberries.

In other clinical studies, the effects of chronic strawberry suppletm@ntan lipid profile
have been conflicting. In one study, berry supplementation did not significartty tffal
cholesterol and triglycerides, but HDL concentrations significantdyeiased compared to control
(64). The strawberry dose in that study was relatively small compareel dosk used in our
study (160 g berries vs ~500 g fresh equivalent, respectively). Howevstuttyeparticipants
were given a mixture of four types of berries rather than a single dosawbarries. The
positive effects on HDL from the modest intake of berries may be due toehactiin from the
different sources of berries. In another study, supplementation of 454 ghoétir@sberries did
not significantly change total cholesterol, LDL, HDL, triacylglyasr and ratio of LDL/HDL
compared to a fiber control (39). Although the form of strawberries \ifesetit, the dose was
comparable to our study. Subjects in that study were also hyperlipidemity islsimilar to

subjects in our study. In addition, the control was also an interventibndhsisted of fiber.

In contrast, in two clinical studies, total cholesterol and LDL cholalstezre found to
significantly decrease from baseline (37, 38). In addition, tbtalesterol and LDL cholesterol

were significantly different from a non-intervention control (38). In dudy there were
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preliminary data that suggested a mean decrease from baselinéamdot®L cholesterol after
12 weeks of strawberry supplementation; however, changes did not reeticaitatgnificance.
The baseline characteristics of the study participants in all gtuglies are comparable. In the
two clinical trials, subjects had metabolic syndrome. Similarly, gpaints in our study have two
or more (out of the three criteria) that defines metabolic syndrome. Thanib$erm of the
strawberry intervention in all three studies is also the same (58) H$e duration is three times
longer in our study than in the two clinical trials. Since the subject bass#Haracteristics, dose
and form of intervention are comparable or the same, the conflictingsrasolur study from the
study by Basu et al. (2009; 2010) is most likely due to the small sample sizegendariation
between participants in our study. Nevertheless, the effectaafgrries on lipid panel appear
to be conflicting between clinical trials. Larger clinical siah different subject populations and
comparable control groups may help elucidate the effects of stravapgplementation on

serum lipids.

Strawberries on biomarkers of lipid oxidation

In this study, ox-LDL and MDA significantly decreased from baseline but there no
significant differences between intervention groups. In addition, thetien in ox-LDL after 12
weeks supplementation had a decreasing trend in the strawberry companataiojg=0.054).
Oxidized-LDL is pertinent in the progression and exacerbation of attlerosis, therefore, a
decreasing trend in ox-LDL may be protective in the prevention of athessleBince ox-LDL
had a decreasing trend in the strawberry group, an increase in samplaysip®wde for better

statistical analysis to find the possible differences between groups.

In previous studies, strawberry anthocyanins have been found to increasiel amt
capacity and decrease lipid oxidation (37, 39, 49). However, a preyiddemiological study has

also found that an increase in dietary fiber has been associatesiredhction in C-reactive
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protein (CRP), a stable marker of inflammation (68). Inflammatioroaitthtive stress can
mutually trigger the other so a decrease in inflammation may lead tvesade in oxidative
stress. This may explain why the fiber-calorie control also foulighéfisant decrease in lipid
oxidation products from baseline. However, epidemiological studies celimatate the
possibility that foods high in dietary fiber contain confounding components such as
phytochemicals that may have antioxidant and anti-inflammatory propéiities.has also been
shown to decrease lipid profile {Anderson, 1987 #308}, which may indirectly rdide
oxidative products. However, our study does not indicate a significant cimaliygid panel in

either strawberry or control group.

In one study, oxidative damage to LDL, as measured by thiobarituric acidseea
substances, decreased significantly compared to fiber and calorie ¢88}rdiherefore, there is
suggestion that strawberry supplementation may have additional antidx@feaifits in addition

to its fiber content.

Dietary intake

Although there may have been a statistical significance in fiberedeidism intake
between groups at different time points, the biological signifiearfichis difference is in
guestion. Since the macro- and micronutrient intake of the particizanged widely and the
accuracy and amount of detail each participant chose to record thgirecedt varied, the
statistical significance in the differences in dietary iatatay have minor biological significance.
In addition, the nutrient analysis of certain items had to be manually idpbttaigh internet
searches of the item, and therefore may contain an insufficient datab#se content of
selenium. Since the accuracy of dietary analyses increasesngehdample size, the number of
subjects in this study may not be sufficient in finding statisticadllaological significance in the

differences in dietary intake.
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Limitations

One major limitation in this current study is the small sample sizedRBasgvo pilot
studies by Basu and colleagues (37, 38) the sample size of at lsabjddis per group is
required to detect 21.8% difference in total cholesterol and 30.6% diffene LDL-cholesterol
at a significance level of 5% with an 80% power. However, in theuanalyses, there are only

8 and 9 subjects for the strawberry and control group, respectively.

Another limitation, which is linked to the small sample size, is thgelaariation
between patrticipants. The increased deviation between subjectgtinatimm with the small
sample size increases the variability and therefore decreadésetiood of finding significant
results. In one instance, the body mass index of subjects in the studyfrang@d to 52 kg/th
Subjects who are at the cusp of overweight and obese compared to subpeats well above
the BMI for extreme obesity may have different metabolic stressktharefore increased
dietary intake of fruits, such as strawberries, may see less. éffeger clinical trials on
strawberry supplementation will help clarify the degree to which gi@tégrventions may

attenuate metabolic stress.

Although freeze-dried strawberries are a more standardized product cdrgpfiesh
strawberries, it raises a caveat in our study in its ability torgére the results. Since freeze-
dried strawberry powder (FSP) is used and purchased for research purppsebethier FSP
and commercial strawberry products are similar on its effects idrplipfile and products of
lipid oxidation are in question. Further studies on the effects of freshzmmfistrawberries on

metabolic stress may be warranted.
Conclusion

In our study, freeze-dried strawberry and fiber-calorie control suppletienta
significantly decreased markers of lipid oxidation compared tdibas&/e found no differences
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between intervention groups for anthropometric measures, blood presscoseginsulin, lipid
profile, and markers of lipid oxidation. However, strawberry supplemienthad a decreasing
trend of ox-LDL compared to control. Based on our study, supplementatioawbetries as a
therapeutic intervention to decrease lipid profile is not warrantedeMer, there has been a
recent emergence of the antioxidant capacity of strawberriesen sitdies. If our study had a
larger sample size, the reduction in ox-LDL may have provided mordicignievidence in the
ability of strawberries to reduce lipid oxidation. Nevertheless, fansamption, particularly
those rich in antioxidants, such as berries, have been found to have carditverpteperties in
other clinical and epidemiological studies. Therefore, increasimg bensumption should be
encouraged, especially in populations with low fruit and vegetable intakiigh risk of

cardiovascular disease.
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