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ABSTRACT

Nut consumption is associated with a decreased risk of cardiovascular disease
(CVD) morhdity and mortality The benefits of nuts are likely due to their unsaturated
fatty acid profile, fiber and phytosterol content, and other bioactive nutriegdsiciRons
in total cholesterol (TC) and LDLC can be achieved lsubstitutingfoods high in
unsaturated fatlike nuts, for those high isaturated faiind/orrefinedcarbohydrate<Of
all the tree nuts,lmondspr ovi de t he mo s ttocopherolgar one@uncet ei n,
serving, and linical evidenceconsistentlyshows lipid and lipoprotein immpvements
with almond consumptiorPrevious controlledeedingalmond studieemployeddiet
desigrs that incrementally decreased some or all foods to acwatate the caloric
addition of almonds. Thus|lmondshave not been evaluated in a controfledding
setting using a diet design with only a single, catareched food substition to assess
their effects on cardiometabolic risk factow¥e hypothesized that substitutingnole
almonds for a higltarbohydrate snack, within the contextaddw-fat, low-cholesterol
background diet, would improve lipids, lipoproteins, and apolipoproteins and decrease
abdominal adipositin adults with elevated LDIC. A randomized, eriod (6
wk/period), crossover, controlléddeding study of 52 individuals with elevateBIL-C
(148.0 £ 2.7 mg/dLyvas designed to compaaecholesterelowering diet with almonds
(1.50z. of almonds/djo an identical diet with an isocaloric muffin substitution (no
almonds/d). Differences in the nutrient profiles of the control (58% CHO, 1% P
26% total fat) and almond (51% CHO, 16% PRO, 32% total fat) diets were due to

nutrients inherent to each snack; diets did not differ in saturated fat or cholé&terol.



almord diet, relativeto the control diet, decreased AdDL-C (-6.8 + 2.4 mg/dL,;
P=0.01), LDL-C (-5.2 £ 1.9 mg/dL; P=0.01), and remnant lipoprotet2s3(+1.2 mg/dL;
P=0.03); whereashe control diet decreased HEL (-1.8 + 0.6 mg/dLP <0.01).

Almond consumption also reduced abdominal fat07 + 0.03 kg; P=0.01) and leg fat (
0.12 + 0.05 kg; P=0.02), despite no differences in total body weight.

It is well established thatietslow in saturated faand cholesteralecreas€VD
risk factors, including TC and LDIC. Consequentlythis dietary change alsesults in
decreased HDIC concentrationsWe haveshown thata cholesterelowering diet
incorporatingalmondsdecreasebIDL-C to a lesser extent than a traditiolvay-fat, low-
cholesterotiet. HDL has atheroprotective properties that extend beyond absolute HDL
C concentations,therefore wenvestigate the dietary effects of almonds &bDL
biology and function.We hypothesized thahc¢orporating 1.5 oz./d of almondsan
cholesterolowering diet wouldattenuate decreases in HDL function (ckolesterol
efflux) and HDL subspaes that are observed with traditional cholestiralering diets
The al mond d1(e#+@7vs-3.4+dF mgapdAl/dLP =0.001) and
t hel : U pr e®06r @16 ivsed).55 + 0.17P = 0.02) significantly lesshian the
control diet. In additionte almond diet reducedmallHDL U-3 compared tohe control
diet (1.0 £ 0.6 vs. 0.1 £ 0.6 mg apoAl/dR= 0.04).There wereno treatment effects on
global or transportespecific cholesterol effluxCollectively,almonds reducedDL-C,
remnant lipoproteins, and central adiposity and impraé¥ed subpartide distribution,

all of which areamportant risk factors for cardiometabolic dysfunctibaily



v
consumption of almongsubstituted for a higharbohydrate snack, may be a simple
dietary strategy to prevent the onset of cardiometabolic diseases in hediNiguals.
Individualresponsg to dietary treatmemaried widely in ou study population.
We were interested in examinirige contribution®f interindividualcharacteristics on
treatment response variabilit)e hypothesized thaéthealmord diet rdative to control,
would provide greater benefita individuals who wer@ormal weight (BMI <25%g/nv)
versts over we i 25kgnf)dnoligdsiads withdow CRR<1.0 mg/L) versus
those with higher CRF O1 . 0 mqindividuals aith thigher cholestel absorption
(lathosteroito-b-sitosterol ratio <0.96compared to those witbwer cholesterol
absorpon  ( ©O0. 95) on tlipaprotbires.Subgroumaalyses nevealess a n d
thatresponses tdietwere influenced by baseline BMI, CRP, cholesterol absarpéind
age categories. In lean participaritee almond diet improved TG14.2 + 4.2 mg/dL; &
0.01), LDL-C (-12.6 = 3.3 mg/dL; P <0.01), and HBL (3.5 = 1.0 mg/dL; P = 0.01)
compared to the control didthe almond diet also improved HBL in participants with
lower relaive cardiovascular risk2(8 + 0.7 mg/dLP <0.01) and in thoseith higher
cholesterol absorption (3:30.7 mg/dL;P <0.01) In olderparticipantsthe almond diet
improved TC {10.7 + 3.2 mg/dLP = 0.01) and LDEC (-9.8 + 2.5 mg/dLP <0.01).
Participants that were youngeverweight/obesénadanaverage to lgher
cardiowvascular risk or lower cholesterol absorptiaxperiencecho reatment effest A
betterunderstandingf interindividual reponses to diet will allow interventions to be
tailoredto those who will benefit most, enhancing personalized dietary guidance and

improving populatiorwide dietary recommendations.
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Chapter 1 Introduction

Cardiovasculadisease (CD) remainghe leading cause of morbidity and
mortality in deeloped and developing natioh# the United States, CVBccouns for
32% of all deaths ancbsts over $300 billion per yehMany normodifiable (age, sex,
family history) and modifiable (abnormal blood lipids, hypertension, smoking, type 2
diabetes) risk factors have bddentified for CVD? Smoking cessation, diet quality
improvement, physical activity intensification,caweight reductiommprovemodifiable
risk factos.? In their 2020 goalshe Ameican Heart Association (AHA) identified seven
metricsto assessardiovascular health, includingmokingstatus BMI, physical activity
level, ahealthy diet scordotal cholesterol, blood pressure, and fasting plasma glucose
and quantifiedhe percerage of US adults witldeal, intermediate, or poor
cardiovascular healtim each categoryFigure 1-1).2 Remarkably, aly 0.5% of
Americanswere categorized as having an ideal healthy deeteswehile 725% had poor
diet scores Moreover, it is estimated that poor diet quadibcounts for pproximately
13.2% of CVD mortaties* These statistics indicatee need for dietarintervertions
that address the gdygtween cardiovascular health staand implementatiorof
recommendations to decrease risk of CVD

In general, detary recommendations are moving away from nutisgetific
guidelines, and focusing on whole foods and dietary pattémeth the 2010 Dietary
Guidelines for Americaftsandthe 2013 AHA/ACC Lifestyle Management Guidelifes

emphasize dietary patternatincludenuts; in addition, the FDA allows a Qualified
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Figure 1-1. Age-standardized prevalence estimates for poor, intermediate, and ideal
cardiovasculahealth for each of the 7 metrics of cardiovascular heaithe AHA2020
goalsamongUS adultsagé2 0 year s, -ROHOASIECS: G2 & al.2013.

Health Claim for nuts and heart diseaS€hese recommendatiomgre established from
an extensivevidence basef nuts that has rapidly evolveder the last ecadeln 2010,
the Global Burden of Disease Studgntified low nut and seed consumption as the
leading dietary risk factor attributable to ischemic heart deséage nuts have routinely
been shown tdecrease both cardiovascular events and mortdlitaddition, strong
evidence supports the lipldwering effects of nut8 Nutsare generallyecognized for
their favorabldatty acid profile which includes botmonaunsaturated (MUFAand
polyunsaturate@PUFA) fatty acids In addition, nuts are low in saturatedtyedcids
(SFA). Of all the tree nutsalmondscontain the mogprotein(6 g), dietary fiber (3.5 g),

a n dtoctpherol (7.4 mg) per one ounce serviRigre 1-2).1° Furthermore, aimond



one-our?c?;igr?;i ALMOND | BRAZIL | CASHEW ’ HAZELNUT | MACADAMIA | PECAN | PISTACHIO | WALNUT
Calories 163 186 157 178 204 196 159 185
Protein (@) 6.0 41 52 4.2 22 2.6 58 4.3
Total Fat (@) 14.0 18.8 12.4 17.2 21.5 20.4 12.9 18.5
Saturated Fat (g) 11 4.3 2.2 1.3 3.4 1.8 1.6 1.7
Polyunsaturated Fat (@) 3.4 5.8 2.2 22 0.4 6.1 3.9 13.4
Monounsaturated Fat (@) 8.8 70 6.7 129 16.7 n.6 6.8 25
Carbohydrates (g) 6.1 3.5 8.6 4.7 3.9 39 78 3.9
Dietary Fiber (g) 3.5 21 0.9 27 2.4 27 29 19
Potassium (mg) 200 187 187 193 104 ne 291 125
Magnesium (mg) 76 107 83 46 37 34 34 45
Zinc (MmQg) 0.9 12 1.6 07 0.4 13 0.6 0.9
Copper (mg) 0.3 0.5 0.6 0.5 0.2 0.3 0.4 0.5
Vitamin B6 (mg) o] 0 01 0.2 [OA] 01 0.5 0.2
Folate (mgc) 14 6 7 32 3 6 14 28

Riboflavin (mg) 0.3 0 0 o] 0 0 0 0

Niacin (mg) 1.0 01 0.3 0.5 0.7 0.3 0.4 0.3
alpha-tocopherol (mg) 7.4 1.6 0.3 4.3 0.2 0.4 0.7 0.2
Calcium (mg) 75 45 10 32 24 20 30 28
Iron (mg) 11 07 1.9 1.3 11 0.7 11 0.8

Figure 1-2. Nutrient profiles for various tree nuts. Bolded numbers indicate tirebi
value Source: USB. National Nutrient Databaserf@tandard Reference, Releasé®3.

consumption has been shown to have a proteeffeet onvarious CVD risk factors,
particularlyLDL-C.?

Theoverarchingaim of mydissertation researds to evaluateéhe effects of
almond consumption on traditional and emerging CVD rsitdrs, investigatingdih

interindividual treatment responses and potential mechanisms of.action



Chapter 2 Literature Review

The following literature review isrganizedn two parts: 1) a published review
onthe LDL-C lowering effects olmonds: a review of phlished studigspotential

mechanisms, and future directidnem 2011and?2) rationale for the current study.

Edects of almond consumption on the reduction of LDcholesterol: a discussion of
potential mechanisms and future research directions

Adapted vith permission from the published reviewNutrition Reviews. 2011
Apr;69(4):17185. The final publication is available &ittp://onlinelibrary.wiley.com

Introduction

CVD is the leading cause of death in the United States and globdllyis well
estaltished that diet plays a key role in the prevention and treatment of EYDLDL -
C is the prominent target of therapy for primary and secondary prevéntion.
Consequently, foothased dietary recommendatiorss/b been made that target LIQL
reduction. Numerous epidemiologic studies have demonstrated ttaay ¢iatterns that
featurevegt abl es, | egumes, nuts, fruits, whole
risk of CVD %1% A landmark studyeported in 2002 demonstrated a remarkable DL

reduction (29%) associated with a dietary pattern that is low in saturated fat, trans fat, and
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cholesterol, that meets recommendations fo
includes soy proteiff.
I n addition, several | arge epidemiologi
edects of nut consumption on coronary disease?i$kAn impressive evidence base
exigs demonstrating that the LBC-loweringée ct of tree nrhait s i s r e|
unique nutrient and bioaci v e ¢ 0 mp 03 € Apooled analysis af 25
intervention studies evaluating thaext of nuts on blood lipids, 9 of which included
almonds, demonstratedsai gni ycant reducti ¢n€)(5.1%,Pbot h t ot
<0.001) and LDEC (7.4%,P <0.001)° The LDL-C-lowering éect of almonds has been
studied extensively, and to date, 12 clinical trials have been pubfistfelirecent meta
analysisc ompr i sed of vy vtee &edtof dimoadsconsumatioruoa bldod g
Il i pids, r epor ttedin TC(weightpdmeancdiarante 619% nigldLF =
0.03]) and a strong trend towards a reduction in #@{weighted mean dierence 5.79
mg/dL [P = 0.05])*3 The present review aims to summarize the almond intervention
studies performed toatle and discuss possible metisas by which nutrientsontribute

to the LDL-C redution observed with almond consumption.

Summary o Intervention Studies on Almonds and LDL-Cholesterol

Results of the clinical trials conducted to date in healthy individaalgell as in
individuals with high cholesterol and diabetes, havealsstrated that almond
consumgion has LDL-C-lowering éects in both controlled and frdiging situations*

4042 Several studies have evaluated the kDlowering éed of almond constituents



and the doseesponsealationship between almond mption and LDLC.
Collectively, the research suggests a consistentidsg®nse relationship for almonds
andLDL-C | ower i ng due t o etarfd@ossbly vds Woadtivest t y aci d
The LDL-C reduction observed in four of eight almond trials was greater than what
would be predicted by a change in the dietary fatty acid content of the atreataent
diets Table 2-1), indicating there are likg compounds in almondbgsides fatty acids,
that contribute to the observed reductions in LOE° The other four studiedid not
observe a predicted LDC response thaliaeredfrom the observed LDIC lowering. To
clarify this, Hyson et aP® used a randomized crossover design to evaluateitatseof
whole almonds (66 g)ersus almond oil (35 g) incorporated into a habitual diet on blood
lipids and lipoproteinsAfter 6 wks, both the whole almond diet and the almond oil diet
Si gni yR<@.0b}rédyced TC4% with both diets), LDEC (6% andr%,
respectively), and triglyceridé3 G) (14% and 15%respectively) and increased HEL
(4% and 7%, respectively) when compared to basdhmgortantly,both diets had
similar éects.Thus, based on this studiae lipid fraction of almonds (i.ethefatty acid
proyle) is the primary mewermgaectofraimondss ponsi b
Nonet heless, there are other al mond compon
of which is present in the lipid fraction of almonds) that couldrdaute to LDL-C
reduction. Further studiese needed to clarify the LBC-lowering éects of other
almond constituents.
Two studies published after the 2006 review by Griel and-Kitiertort®
reported a si gni-§icraspdnsedoencorperatisgealmonds intaD L

National Cholesterol Education Program (NCER)lesterolowering diet.*042



Table 2-1. Comparison of predicted versus observed changes in lipids and lipoproteins in response to a diet rich in almonds.

Reference Treatment Almond quantity and type @ TC (mmc @@ LDL ( mm
Predicted Observed Predicted Observed

Abbey et al (1994  Almond-enriched diets. A U s t r ¢

diet (containingpeanuts and coconuts 84 g/damonds 047 036 039 037

Wien et al (2003)° Low-calorie, almond diets/ low-

calorie complex CHOdiet 84 g/damonds -0.03 -0.62 -0.02 -0.34
. 7 .
Jenkins et al(2002} Qilgsond supplemented Léiet \s. LF 73 gidamonds -0.02 .0.23 .0.01 0.21
Hyson et al(2002f®  Mean of almond supplemented diets Mean: 66 g/@whole dmonds i i
vs. baseline Mean: 35 g/@admond oil -0.20 -0.24 0.47 022
Sabate et a(2003f’ High-almond diet 8. Step 1 diet 68 g/2000 kca{20 %en)amonds  -0.20 -0.24 -0.13 -0.26
. ST . : .
Lovejoy et al (2002) :'é%rt‘r;?gigt'gha'mond diete hightfat - go 015600 kcatimonds 014  -006  -009  -0.07
. 8 .
Spiller et al (2003} lI;/Iaesc';:ar;ir(]):;three almond diets vs. 100 g/damonds .0.33 .0.34 0.79 .0.33
. 2 . . . _
Spiller et al (1998% g\ilgt]ond-based diet & olive oil-based 100 g/damonds 018 047 .0.38 041

Bold typeindicateshedecreasén TC andLDL -C is greaterthanwould be predictedusingblood cholesterclpredictiveequations.
"Calculated based on the equati@f Mensink and Katdhand Hegsted et 4.

’Based on totagénergy intake

AbbreviationsLF, low-fat; LC, low-cholesterol% en, percentagef thetotal energyin thediet; CHO, carbohydrate.
Souce:Griel and KrisEtherton20062°
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Tamizifar et af® incorpaated25 g almond powder in a recommendiet that followed
NCEP guidel i nes eantdecredsesireLDR @ €0.08 with thig diet y
compared to aeferencaliet thatfollowed the sameguidelinesRecently, Li et af?
conducted a4vk randomized, controlled, crossover feeding trial based oN@EP
Step Il diet with or without 20% of calories from almonds. Results insficah 11.6%
reduction in LDL-C on the almond diefR= 0.0117) versus the control diet.

Two furtherstudies$**’ have demonstrated a dedependent reduan in LDL-C
following the cosumption of almonds. In a study by Jenkins and collefuésily
consumption of 1.3 037 g) or2.5 0z. (70gpfal monds signi y&€antly d
(3.1%,P = 0.043; 5.6%P <0.001) and LDEC (4.4%,P = 0.018; 94%, P <0.001),
respectivelyA seconddose esponse study reported a signi
between energy in the diet from almonds andreeLDL-C (P <0.001) when sybcts
were fed compable doses of almonds (appnmstely 34 and 68 g/dayj.Collectively,

these studies demonstrate a consistent-albwering éectof almonds

Almonds and LDL-Cholesterol Reduction: Pdential Mechanisms

Almonds have receivea considerable amount of attiem for their unique fatty
acid proyl e, containing mostly wunsaturated
Almonds also are asouroef p hyt ost e rsitosteso)stigmasterbludi ng b
campesterol, delts-avenasterol, sitostanol, campestanol, and other minor phytosterols.
In addition,al monds are rich in total yber and col

-

Other cardieprotective nutrients include plaptr ot e i n, -to@phgrol,ni n e, U



magnesium, copper, manganese, calcium, and pota&&iumm.e
almonds appears ifable 2-2. Possible rechanisms responsible for the LBC-lowering

edect of alnonds are presented in the follioyy sections and summarizedrigure 2-1.

nut teiofent

Table 2-2. Nutrient composition of almonds (per 1 oz. serving)

Characterist

Amount

Total alories(kcal)
Total Fat (g)
Saturated Fat (Q)
Monounsaturated Fat (g)
Polyunsaturated Fat (Q)
Cholesterol (mg)
Protein (g)
Carbohydrate (Q)
Total Fiber (g)
Soluble Fiber (g)
Insoluble Fiber (g)
Utocopherols (mg)
Total Phytosterols (mg)
[3-Sitosterol (mg)
Magnesium (mg)
Potassium (mg)
Sodium (mg)

169
15.0

1.1
9.5
36
0.0
6.3
5.5
3.3
0.3
3.0
7.4

33

31

81

211

0.0

SourceBerrymanet al. 2011

Fatty acid profile of almonds

proy

Dietary approaches to reduce levels of l-Dlhave focused on the use of foods and oils

in the diet tareduce SFAand increase MUFANd poyunsaturated fatty acids PUFA

With respect to LDLEC reduction, almonds are low in SFd high in unsaturated fatty

acidsThe f at t yofantondd faqgiitatesya faeableshiftin thefattyacidpr oy | e

of thedietwhenalmonds are substituted for foods thattagh in SFA or carbohydrates
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(CHO). A 1 oz (28 g) serving of almonds contaihS.0 g of total fat (1.3 SFA, 3.6 g

PUFA, 9.5 g MUFA.° The major fatty acids in almonds are oleic acid and linoleic acid,
accounting for i 94% of the total lipids in almond€ The replacement of SFAgith
unsaturatedat is well characterizedyith extensive literrevalidating the LDIL-C-
lowering éectobservedwith this substitutiorf/>° Several predictive equations have
been developed to quantify thideect244551-54

Based onTC and LDL-C predictive equations, the cholesterol reduction
observed in clinicastudies of all nuts is about 25% greater than would be expected based
onchangesi t he f at t y ingfromdncoporatiyglnets intoahe drétin a
recent review, 14 of 22 controlled feeding studies on nuts reported a decreBteh
that was greater than that which would have been predicted using blood chelesterol
predictive equation® The predicted average decreaseDL-C for these 14 studies was
7.8 mg/dL (0.20 mmol/L), whereas the observed deer@as 15.2 mg/dL (0.39
mmol/L), when comparing the nuich diets to the control dietkight of the nine almond
studies (one was excluded beaitsused multiple chosgerotlowering foods)
conducted before 2006 were included in the above analysis. Of those eight studies, six
reporteda decrease in T@at was greater (13.9 mg/dL [0.36 mmol/L]) than the predicted
decrease (6.2 mg/dL [0.16 mmol/L]). Four of the eighdlietsidemonstrated an LBEC
reduction that was greater (12.0 mg/dL [0.31 mmol/L]) than the predicted reduction (5.4
mg/dL [0.14 mmol/L])(Table 2-1). The discrepancy between thieserved data and the

predictedreallts suggest that, in addition to their fazble fatty acid profilepther
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nutrients and bioactive compounds in almonds, such as dietary fiber and phytosterols,

may contribute to their LDIC loweringeffects.

Phytosterol content of almonds

Nuts, including almonds, contain numerous plaasedioactive compounds that
reducethe risk of CVD.Major bioactive compounds in nuts asmted with LDIL-C
reduction inclule phytosterols. The phytosterolment of nuts ranges from 95280 mg
per 100 ¢° Specifically, #monds contain 118 mg of phytosterper 100 g (3.5 oz}jhe

primary phytosterol ia | mo n esisosteras (110 mg/100)gvith smaller amounts of

stigmasterol (4 mg/100 g) and campesterol 3 mg/108f)h e NCEPOGHsr TLC di

individuals with high choldsrol ecommends consumption of 2 g/d of plant sterdlse
AHA recommended diet and the Atkins ltifee Maintenance diet were dgaed for

their phytosterol content, whiclesulted in 340 mg/2,000 kcaldhd 163 mg/2,000
kcal/d, repectively®® The above diets represent typical American phytosterdtenta
(approximately 200300 mg/d withoutsupplementatior’ In comparisongdietsmodeled
after a highphytosterol Dietary Approaches to Stop Hypertension (DA&ig) and a
vegan diet had phgsterol concemations of 500 mg/2,000 kcal&ahd 445 md?,000
kcal/d respectivelydemonstrating that with special consideration, moderate levels of
dietary phytostersl can be achieved without supplementatfdncorpotion of

almonds in the aboweentioned diets can mak@& important contribution tmtal dietary

phytosterols.

et
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The cholesterelowering mechanisms of phytostés are well established and
include increased cholesterol excreteorddecreasedholesterobbsorptionultimately
leading to a decrease in LBC. In arandomizeecrossover, $eriod, controlleeeeding
trial by Racette et & participants were provided three different amounts of dietary
phytosterols for 4 wksniakeswerebasedon a phytosterold e y c dieg(39tmg/d), the
amount ofphytosteras found in a healthy diet (459 mgy/@nd a phytosterdbrtified diet
(2,059 mg/{l, consistent with NCEP guidelines to consume phytosteroir t i y.ed f oo d:
The resultsndicates i g ni y c a n ttotal fecal chelesterel sxdiéenrwith the
moderate and high doses of phytoste(8&+6% and 74t 10%;P <0.01, respectively)
and sigi y c decrdases cholesterobhbsorptiorwith themoderate andhigh doses of
phytosterols (10 = 1% and 253%; P <0.01, respetively). The high dose of plgsterols
resultedinasigi ycant de €n89a33%;Pi<t0l)abdlthe moderate dose
produced a treshtowards LDI-C reduction (5.0 £.1%;P = 0.077); both the moderate
and high doses produced L-&HBLCgatio @<®©.85).t r educ
Oneexplanation for the observed trend with moderate intakes of gtkenatisis the small
samplesize(n = 18)and short diet periods (4 weeks); increasing one or both of these
factors may have established a*repbtgdithaty c an't
as little as 150 mg phytosterol/test meal and 300 mg phytosterol/test meal decreased
cholesterol absorption by 12.1 + 3.7%%< 0.03) and 27.9 9.1% @ = 0.01),
respectively.

Phytosterols act as an antagonist for(tlegabsorption of dietary aiesterol and
biliary cholesterol through competitidar incorporation irmixed micelles in the gi£!

Other mechanisms involving intestinal transport proteins and receptors have been
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proposed for the observed reductiorabsorption with increased piogterol
consumption, but for the most part thesgéproved fruitles®: Theobservedncrease in
cholesterol excretion with increasplytosterol intake is, in padue tounabsorbed
exogenously provided and endogenously prodetetesteol in the intestineDecreased
cellular cholesterol concentiran mayupregulateexpression of the LDL receptor (LDLr)
through activation of the sterol response element binding protein 2 (SREBP2).
Excretion of biliary cholesterol from hepatocytes is the last step in reverse cholesterol
transportjmplicating phytosterols as potential players in this pathway and providing an
additional explanatiofor cholesterol excretion with increased phytosterol inbke.
Phytosterolalsomay exert hypocholesterolemiaects via interactions with
intracellular enzymes, namely aggbA: cholesterol acyltransferase (ACAT) and 3
hydroxy-3-methylgutaryFCoA (HMG-CoA) reductaseCampesterol, at a physiologically
high dose, has been shown to upregulate ACAiviacin vitro in Cacae?2 cells,enabling
increased movement of cholesterol from cellular plasma membranes to the endoplasmic
reticulum for packaging in chylomicrofi3Field et al®® also deronstrated that intestah
HMG-CoA reductase, the rateniting enzyme in cholesterol synthesis, is decreased
duringincuat i on wi t h mi -si®dterokos stigmastetolanivitra. A gmildy
decrease in intestinal HMGOA reductasevasobserved in vivo with sitostelemic
subjects; however, the authors concluded that the suppression ofGéM@Eeductase
with increased tissue accumulationbesitosterol was due to an inherited aspect of the
disease and thétsitosterol did not inltiit HMG-CoA reductase directR# These and

other potetial mechanisms for cholesterol reduction require further research.
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Ho et al®® demonstrated the ability of phytosterols, when incubatith HepG2

hepatocytes and Ca2 enterocytes, to reduce tHe @ of apolipoproteins (apo)I®0
and B48, which are representative of vdoyv-density lipoproteins (VLDL) and
chylomicrons r e s p editdsterol,edmypesterdl, and stigmasterol decreased
apoB100 media concentrations by 30%, 32%, and 38 (05) and apoB48 by 15%,
16%, and 19%P <0.05), respectively. In hepatocytes, choledtesters were
si gni yR<@.0b}ldsyabundant with all three phytosterol treatmeitich may
havecontributed to the observed reduction in media concentrations of VLDL. Results of
this study may eicidate underlying molecular mechanisms responsible for the@CDL
lowering éects elicited by phytosterols.

Prolonged inclusion of phytosterols in the diet, evematdestamountscan
resultin decreasedl DL -C via the mechanisms discussed. Daily consuompdf almonds
will increase dietary phytosterglexplaining another way in which almonasy

decrease LDIC.

Fiber content of almonds

Dietary yberybandi i pameudedbytheaNCEPasan r e c 0 |
additional therapeutic option ftinereductionof LDL-C.? The 2010Dietary Guidelines
supporttherecommeadt i on of 1J0@d0kgabf 9vbembofarma 28 g of
standard 2,000 kcdliet> Epidemiologicalstudie$§®®” suggesthere is an inverse
relationship between the consumption of di

di sease (CHD), and that with every additio
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adjusted risk of comary mortality decreases by 1796” Of these two studies, one
indicated a stronger inversesasiatio n b et ween vi s ®oehexasgfhber and
other observed similar effects of etsis and insolublg b err CHD risk®” More
S p e c i yredudtionyn,seruan cholesterol results from the incorporation of viscous
yber in the diet; for each additiondl® g/do f v i s ctbewess amppreximate 1.7
mg/dL decrease in serum T <0.001) and a 2.2 mg/dL decreasé¢.DL-C (P <0.03)%
Randomizedgontrolled stdies have idenfie d mechani sms rel ated to
egagect s of viscous wpdetrs dfuti ndhel ueltea byobd e rc ar
remain to be better characterized. Tree nuts (including peanuts) protidc6g y ber / 10
g%®Amongnutsal monds have the highest yber conte
source of di et38gwyb gtf/@d.z3 m@mr oviscionmg yber and
y b é%or)approximately 12% dhe daily recommended intakefpro er . The f or ms
y b @malmonds are cellulosignin, viscous and insoluble heagllulose, and viscous
and insoluble pectift

Earlier studies indicated the cholestdmwering mechanism behind dieyar
cellulose could be related to bile acid binding and excr&tigrhowever more recent
studies have quelled this hypothesis experimentaiRAn in vitro analysis performed
by Story et al* showed that cellulose binds bile acids and bile salts poorly, with an
average binding capitg of 1.4% Chemically, celllose is uncharged and thus has a
l'imited ability to bind bile acids. Previo
measurement methodology at the time of the expetsnen

The main cholesterdbwering mechanismmt t r i but ed t o i nsol ubl

ability to increase fecal bulk and decredsansit time in the intestine, which may be due
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to thelong-chain polymershat canbind water and hydrate the fecal bott& Cellulose
is a particulatype of insolubley b eamposedf polysaccharideandfoundin the
primary cell wall of plant$® Vahouny et al? investigatedthe absorption and metabolism
of cholesterol in response tarioustypeso f y b er f e dvk. tnparticutat, the ov er
15%celld ose and 15% bran diets signiycantly d
intestine P <0.01).In the same studyhé lymphatic absorption oflainistered
cholesterowa s s i gni y c aPrt0.001). The anly mrapesed dnechanism
concerning these observations pertained to disruption of bulk pléassadi in the
intestine,making movemetnof cholesterol to the emtocyte surface decult. In a
subsequergtudy performed by the same grotipe researchers found that administered
chol esterol absorption was signiycantly de
oleic acid absorption wasot adectedby a 10% celulosediet.”” Additionaly ninbs
suggest a signiycantRA<§.05pwitreaal®%etlulosediefalh f ec al
contrast, a controlleteeding study in healthy, middege d men found no si
diderencen serum cholesterol concerticms when cellulose supplements (15 g) were
and were noincorporated into otherwise identical diéts.

A more recent study by van Bennekum efahvestigated differertypes of
i nsol ubl e vy b aactclvlesterohmmbolistn in éhg intestine and liver of
mice.Results of this study indicated that incorporation of 7.5% cellulose into a high
fat/high-cholesterol (HFHC) diet prevented increased serum cholesierod (004),
hepatic cholesterol concentratidh£ 0.006),and percent hepatic cholestieegter P =
0.002) in compasion with the HFHC control mice. However, the cellulose diet had no

edect on fecal excretion of cholesterol or kilgids, biliary concentration of cholesterol
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or bile acids, or cholesterol absorption. These observations led the authors to conclude
that favorable serum cholesterol @amtrations in celluloséed mice can battributed to

the 15 20% reduction in food intak€.Cellulose may exert cholestefowering éects

via an indirect mechanism involving satiation (time until cessation of the current&heal).
The insol ubl &ectyslbaused by mdreiasad bullo and veeight of the fecal

bolus, causing gastric distention and leading to a feeling of fulffess.

Therolethatinsoluel y ber pl ay stinalmansitémtandith@eg i nt es

subsequent increase in satiation magpib@dditionamechanism by which almonds
decrease LDLC.57980 The results of 40-week crossover study densirated that when
subjects consumed a 2.fzserving of almondshey compensateir the energy
provided by the almonds and reduced their food intake from other s6tiA®a. result
of daily almond consumption, sjdets demonstrated no change in body weight and an
improvement in diet quality. In a longeerm study, the intake of ~2 ozédl almonds
over 6 mo did not lead to ancrease in body weigit.Data from wo nonconsecutive,
1-d food diaries indicatethat individuals compensatdor 78% of the energy from
almonds by reducing intake of other foods in the diet.rébaltsof thesestudiesndicate
thatincluding almonds in thdietmay providesueeciend i et ary yber to
satiation, without aecting bodyweight. hdividualsmaycompensate fahe calories
provided by almonds by reducimgake of otler food sources higher in SFA and
cholesterol, potentiallgontribuing to theobservededucton in LDL-C.4’

Hem cel |l ul ose, pectin, and |l ignin are
found in almonds, and all exist in smaller quantities in the plant cell#aThe main

biological function of the polysaccharide hemicellulose is to interact with cellulose, and

ncl

t
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sometimes lignin, tprovidecell wall structurefor plants®* Fewstudieshave been
conducted to evalta the independent cholestetolvering éects of insoluble and
viscous hemicellulose or insoluble pectin.

A study in Finnish men reportexh adysted inverse associatibetween the
concentration of serum enterolactone, a product of lignin fermentation in the gut, and
acute coronary event® £ 0.03)% Furthermorea metaanalysis of randomized
controlled studies 1 n h uwvetationss T®LD.&mgids, i ndi c
P =0.04) and LDEC (6.2mg/ dL,P = 0.03) with lignin supplemertian.® The
cholesteroloweringc ont r i but i on s rexdntroversigsl@aridat idarty y ber a
characterized in the literature.

The smallamountfo vi scous yber i n acommbuedos, spec
t he over al tontantofshedieu\dscoysy b dacreasekDL-C by disrupting
enterohepatic circulation, thus increasing bile acid and cholesteretiexcand

upregulating the LDlreceptor (LDLr)?’

Protein content of almonds

Al t hough al monds are recognized for the
approximately 15% of their energy is protein, making almonds a good protein source.
Diets that partiallye p| ace car bohydrates with protein
edects on LDLC levels in both normolipidemiand hypercholesterolemic
individuals®®° In one study, a diet with 25% energy from protein (half from plant

sources) and 48% energy from carbohydrates decreaseL(BL3 mg/dL,P = 0.01)
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signiycantly more than a di &enenyfrorh 15 %

carbohydrate®’ A high-protein, necarbohydrate didt as been shown t o
decreaseleate uptake into hepatocytdsobese ratsK <0.01), reduceéncorporation of
oleate into venjlow-density lipoprotein (VLDL) particles of obese and lean rats@.01
andP <0.001, respectively), and decredsspatic secretion of MDL in obese and lean

rats @ <0.00L andP <0.05, respectivelygompared to rats on a higlarbohydrate, low
protein diet?® Inhibition of VLDL secretion may cause a downstream reduction in-LDL

C concentratios) which is a plausible mechanism by which LOLis decreased in

subjects consuming a higirotein diet as opposed to a highrbohydrate diet. When
protein is substituted for carbohydeatlecreased acet@loA and glycereB-phosphate

are available from excess glucose, discouradawpvofatty acidsynthesis

Concurrently, malonyCoA is unabled downregulatearnitine palntoyltransferase |
(CPT-1), allowing increased fatxidaion.®2 Due to CPT1 activityacyFCoA is shuttled

into the mitochondria where it can be converted to ac& and used for production of
ketone bodies or in the TCA cycgAlternatively, if the acyiCoA was to stay in the
cytosol,it would be packaged as acylglycerolsdbDL or converted & acetydCoA and

used to synthesize chotersol and isoprenoids. Aweviouslydiscussed in the phytosterol
section, a decrease in cholesterol concentration will upregulate L2keasing

cholesterol uptake e liver®2 These mechanisms suggest a role for plant protein in the

reduction of LDL-C.

S

ene

(
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Arginine content of almonds

The amino aid arginine is abundant in nuts; almonds contain approximately 0.7 g
per 1 oz serving®, makingthem among the besburces of arginine. The lysine:arginine
(Lys:Arg) ratio has beentudied because @iterest in animal protein, which is high
lysine,versusplantproten, whichis typically high in arginine. Particularly abundaarte
studies investigating the cholestelmlvering &ects of substiting soy plant protein for
casein and other animal protein. These studies indicate abmall, s i JGR.$@ ant ,
and LDL-C (3.0%)lowering éect elicited by the substitution of 338 g soy protein for
animal protein in human studi&Animal studies on rabbits and rats have repeatedly
shown a positive correlation tveeen the LysArg ratio and serum cholesterol levet$®
Soy protein has a Lys:Arg ratio of approximately®$ydhile aimonds have a iatof
0.24'% suggesting almonds may have greater cholesken@ringbee yt s t han soy
protein concerningmino acid composition. One study in rabbits directly assessed the
edects of almad, soy, or casein protein (Lysg ratio 0.3, 0.9, 2.2, respaely) and fa
on serum cholesterol for 3 wihe almond (78 mg/dL) argby goups (70 mg/dL) had
signi ycantly decreased serum cholesterol com
mg/dL) supplementatiorP(<0.02)® While a great deal of research has been done on the
cholesterolowering éect of the Lys:Arg ratio in animal modelanited data exist for
humans. A 5wk crossver, controlleefeeding trial of 1 man and 11 womshowed
supplementatiowith arginine (1.2 &) s i g n ilyyedumetdiothTC (P = 0.047) and
LDL-C (P = 0.039)compaed to placebd®! In contrast, Vegasopez et at®? conducted

a 35d randomizeetontrolled, crossovestudy that evaluated a low Lyg:g (0.70) det
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versus a high Ly#rg (1.41) diet. The results of this study indicate no reduastin TC

or LDL-C with a low Lys:Arg ratio; however, tHew ratiosijmi ycant |l y decr eas
postprandial VLDL P = 0.001).While this stidy provides novel results regarding the
Lys:Arg ratio in humans, further studies need to bedazted into betterundestand the
applicability of this ratioThe current study included Lystg ratios that may not have
been variable eng to see a result in the-83ength of the study or with only 30
participantsFor referencgthe highL,yssAr g rati o (1.41) was in th
(1.44) as pposed to casein protein (1.895everal mechanisms have beengweed for
the cholesterelowering éect of a low LysArg ratio. Studies show incesed HMG CoA
reductase and-@-hydroxylase activity with adw Lys:Arg ratio, which suggests
increased production of bile acids. Increased turnover of cholesterol, decreased
cholesterol pool size, and increased excretion of neutral and acidic stdsoidsay
contribute to the LDEC reduction seen with a low Lystg ratiodiet.2%31% Increased
absorption oflietary cholesterol with high Lys:Afgods,such as caseimay contribute
to thar hypercholesterolemicdecs.’®* Another proposed mechanism indicaaeginine
may increase glucagon, favorabBeating the insulirglucagon réo, andsubsequently
loweringcholesteral®®

Furthermoresupplementation with 10/@arginine in coronargrtery disease
patients has been shown to imprevdothelial function and decreakBL-C
oxidatiornt®; this effect may be due to arginiaetingas a precursor famitric oxide,
which can inhibitLDL-C oxidatbn in endothelial cell’ In addition, hcreasedlietary
argininemay pevent competition between arginase and nitridexynthaseallowing

both enzymes to function regularly in their respective cyéfes.
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Al p h)aocopherol content of almonds

According to the 2010 Dietary Guidelinaslvisory Committee (DGAC) report,
only 7% of Americans have an adequate intake of vitanif§&£l monds af e hi gh
tocopherol, the predominate form of vitamin E. Incorporating.dda¥ almonds irthe
di et adds an -todogherdl imakimghke recommetedugily &llowance of
15 medcaphetdmore attainablé’®T h e ¢ o n ¢ e adcopletolimptasma f U
and red bl ood c edodedependenthsincrgased ywithdhe indogtmona n d
of 10% and 20% of dailgnergyintakefrom almonds P <0.01 andP <0.001,
respectivelyf'*A r ecent study conygais.8%incteassia r esul t
p | a s-to@pherol levelsk <0.0001) with the incorporation opproximately 56 g of
almonds/d*

Alphat ocopher ol i's recogni zedsiathe an anti o>
prevention of oxidation and radical scavengitrg/itamin E plays an especially
important role in the prettion of lipids againstoxidai on, specityrated! | 'y pol
fatty acids. These aatkidantpropertiesmplicatevitamin E asplayinga possible role in
CVD prevention. To date, nine prospective studies have assessed the relationship
between intake of dietary and supplemental vitamin E and CVD, and of those, seven
reported an inverse association between vitanimdke and CVD2 A 2002 meta
analysis of cohort studies € 82,379) reported a 0.74 odds ratio (95% CI, 0068&3) for
CVD with the intake of dietary and/or supplemental vitamit’The data become less
clear with obserationalstudies and randomizembntroled trials that evaluate the effects

of vitamin E intake on biomarkers of CVD riskenkins et al*° conducted a study
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examining the &ects of three dierent doses of almonds (0 g/d, 37 g/d, and 7Bayid
mar kers of | ipid peroxidat icantlyred®8edfs m mal on
0.040) by the fuldoseof almonds compared to the contdiet and creatininadjusted
urinary isopostaneoutpuwa s si gni ycantly decregchsed by t}
almonds corpared to the control dieP(= 0.026). The high dose of almonds was also
shown b decrease serum levels of dizied LDL-C by 14.0 +3.8% @ <0.001)3*
Ho we v er ,-tocepherallaveldivere udacted by treaments!'® A possible
explanation for the discrepancy relates to individaaiation in the oxidative stress level
and/or antioxidantapacity'*To get her , t h e stecophed and additionslu g g e s
bioactive components in almonds exhibit antiaxit properties.

In addition, norantioxidant roles have lea prgposed fort-tocopherolwhich
may contribute to the total cardioprotective package of almonds. Azzi*é€sahmarize
the nonantioxidant functions of-tocopherol, including inhibition of protein kinase C
(PKC), which interferes with monocyte adhesion and smooth muscle proliferation.
Converselythe inhibition of PKCalsohas been showm forevent increases in LD,
which is couterproductive to deeasing LDL-C . | n ma c-toaghéra g e s U
downregulates CD36 and SRexpression (macrophage receptorsdxidized LDL),
resulting indecreased accumulation of cholesteryl esters in macrophdges.

Recentinvit o di s cover i-@mphérol May play & dct roldiat U
cholesterol metabism. Valastyan et di*®foundt h atdcopberol dowregulates 17
genes involved in lipid homeostasis, most notably HEIGA reductase, in HepG2 cells;
these genes wedownregulated by thEREBR2 transcription factorEvidence from the

same group showed that 100 uM vitamin E signh¢ha(lA = 0.0004) and dose
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dependently decreased de novo cholesterol synthesis in HepG2 cells as compared to
controls. A similar study conducted with humatestinal cells provided complimentary

r es ul t-sandotbcophdroweles hown t o sdwaregilatecgenest |y
involved in cholesterol biosynthesiB €0.05), movement of chedterol across the
basolateral membran® €0.05), and de navcholesterol biosynthesiB €0.05)1%°

These resudt suggest a direct mechanism by which vitamin E decreases cholesterol, but

future randomizedontrolledtrials are needed to verify thesgecs.

Micronutrient content of almonds

Almonds provide approximately 81 mg magnesium (Mg) per. sexing, or
~20% of the reemmended daily allowance, depending on age/gender gtéups.
Magnesium has been inversely associated with several cardiovasskifactors,
including hypertesion,coronary artery diseasand cardiac arrhythmiaasreviewed by
Champage!??It has been decult to estatish a causal relationship witMg and CVD
because most data are observatioRahdomzed-controlled trials have attempted to
assess theaect of Mg on bloodipids in animals and humans, lhbe results have not
been consistedrf®l ndi vi dual s with type | diabetes ey
bothTC and LDL-C dter acute P <0.001 anchot reported, resgztively) and chronicK
<0.02 andP <0.05, respeively) Mg supplementatiof?* In contrast, a study ipatients
with ischemic conditions h o we d n o s ieginsenm lgpidstwithc3hmaf Mg
supplemerdat i on; however, the results indicated

apolipoprotein (apo) BP = 0.03) and in the apoAl:apoB rat® £ 0.035)'2° More
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research remains to be done concerning the-CBlbwering éeds of Mg, including the
role of Mg in theLDL -C-lowering éect of almonds.

Other micronutriers i n al monds that may i npuence
manganese (0.74 mg/1.pzopper (0.33 mg/1 gz and calcium (75 mg/1 9z'° Few
studies have been conducted on the relationship between manganese and cardiovascular
disease, and those that have beeredtmnot povide a clear resulf® However,
Houtmart?® concludeghatthere is evidence to warrant fluer reseaitt, especially
concerning mangeese superoxide dismutase in endothelial cells of the IGmpper
concentrationkhavebeenshownto havean inverse association with cardiovascular
disease risk factors, especially sclerotic progressisinesits remain inconclusiv&?®
Furthermore, botln epidemiological and a randomizeaghtrolled study found no
indication that copper &sociated with lipid or lipopr@in concentrations in
humanst?#128 Aimondsalso have a favorable sodiymotassium ratio, with no naturally
occurring sodium in almond§ Calcium,potassiumand the absence of sodium in
almonds may favorablyaact overall dietary intakef the nutrients and work in

coordnationto decreas€VD risk, s p e ¢ i lyypeaedndiogt?®

Structure and properties of almonds

The bioavailability of fat from almonds may be one of the factors responsible for
the hypolipidemic &ects observed after almond consumption. In plant fedsh as
almondsthe physicochemicatructure and properties thfe cell wall dictate

gastrointestinal interactions and influenke bioavailability of nutrients within the
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food 1% The results of an in vitro study designed to quantify the release of lipid, protein,
and vitamin E from almondsnder simulated gastric conditions indicatiedt the
bioavailabilty of fatin almandsis increasedy extendedesidence time ithe gut and,
ultimately, regulated by the ability of the digestive system to break dbealmond cell
wall. 131

The bioavailality of lipids in almonds has been evaluated in humans, focusing
on the @ects of both chewing and in vivo digestitfln a study designed to evaluate
the @ects of chewing, seven men and women were instructed to chew 2 g of almond
seals 30 times for about 30 Subjects then expectorated the chewed maiet@h Petri
dish for analysis, which showgldatchewing only allows for disrupi on of t he
cellular layerat the fractured surface of the almoniésr the digestibility portionthree
human subjects consumed increasing amounts calmands (100,150, and 200 g/d)
over a 3d period; a fecal sample was collected on day four for analysis. Researchers
were dle to detect the presence of intracellular lipids esglaped byintactcell walls in
the fecal matter of tlesubjects. Thus, the main structure of the almond cell wall was
preserved following both mechanical chewing and in vivo digestion. Tlsenqre of an
intact cell wall bareer following both of these calitions indicates that lipid
bioavailability is impaired fdlowing theconsumption of almonds, indicatiagother
possiblemechanism by which almonds decrease cholestétdhese esults were
conyrmed in a r stodddesigned éodnvestigabeshieetyof fat
bioavailabilty from almonds omostprandial hyperlipidemia. Twenlyealthy men
ingested mals containing 54 g of fat pvaled as whole almondalmond oil and dfatted

al mo n do rp oa rs u nlpnd(soatrol)' Followitg consumpion, theincrease
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in plasma TGvas74 and 58%ower afer the meal with whole almond seed compared to
boththediet with almond oil an@lmond flourand the control diefR <0.001),
respectively**2 Collectively, the research cducted to date suggests that the
bioavailability ofnutrients, particularljipids, in almondds aected by the structure and

properties of their cell wall

Targeting Multiple CVD Risk Factors with Almonds

Reductions in multi@ risk factors have been acaalished using single foods
and total diet approaches. Almonds positively impact various risariafor CVD via
multiple mechanismgn addition to reducing LDiC, clinical studies have demonstrated
t hat al monds ekeatonemesgingisk factoysforiC¥D, including
protection from the &ects of reactive oxidant speciés n p a mriaand lipich
peroxidationt!®

Almondsalso havébeen shown to reduce markers of oxidative siresmokes
5120 cigarettes/ d). Following 4 wk of al mon
tocopherolsuperoxide dismutase, and @itihione peroxidase increased1®;, 35, and
16%, respetively, and urinary $hydroxy-deoxyguanosine, malondialdehyde, and DNA
strand bieaks decreased by 28, 34, and 23% in smakersuming almondgersus those
consumingl20 g/d ofpork (contro)) (P <0.05)*33

Reseech also has been conducted to better identify which almond constitwents
responsible for their blogical éects. Ex vivo studies indicate that almond skin

polyphenols reduce the-l0kandl®ltinavdes modi ycat i
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dependent mann&f and act synergistally with vitamins C ad E to protect LDL

against oxidatiod® Conversely, the resusliof a dinical nutrition studydemonstratedhat

neither whole almond$6 +5g/d nor al mond oiddctohldDe a bene)

oxidation,despite thi ability to reduce LDLC lewels3 Thus, it is possile that

polyphenols are conceated in almond skins and a higher dose of whole alImEat

g/d) is neededo achievethe sameredudion in LDL susceptibility to gidative

modi ycation that was observed with al mond
The use of footbased approaches to target multigD risk factors has been

successfulThe Portfolio Diet Studig8'6137 tilized a combination of cholesterol

lowering foods to maximally reduce levels of LEL The therapeutic componentstio¢

Portfolio Diet include almonds (14 g/1,000 kcal), plant sterols (1.0 g/1,000 kcal), soy

protein (21.4 g/ 1, 00 0/1K@0«dal). Ina@mddmized scous vy

controlled study of 46 healthy, hypercholesterolemic amhwomen, participantgere

assigned to a Iov8FA diet containingnilled wholewheat cereals and lefat dairy

foods (control diet); the same diet plus lovastatin (20 mg/day); or the Portfolio Diet

including the therapeutic options to maximally reduce LD The LDL-C reductions

observed in the statin (30.9%) and Portfolio Diet (28.6%) groups were sandar

si gni y aeaentfromyhe @duction observedtine control group (8.0%(

<0.005). In additionC-reactive protein (CRP) concentrations were decreased

significantly more byboth the statin (33.3%) drPortfolio Diet (28.2%) groups

compared to t controlgroup(10.0%) P <0.005). The caulated reduction iI€HD risk

inthePortfolio Diet (24.9%) and statin (25. 8%

in the control group (3.0%)P(<0.005); this dramatic reduction irskiwas primaly
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attributed to reductions in LDIC*®*A1 t hough the speciyc dietar

contributed to the marked reductiond.iDL-C and CRP cannot be datgned, this
research provides evidence that a wkthet approach that includes almonds can

signiycantly reduce hanisms. of CVD via multip

Conclusions

Almondsconsistentlyhavebeen shown to reduce CVD ribk favorablyaaecting
lipids andlipoproteins particdarly by lowering TCand LDL-C. The bioative
components of almonds and associated mechanisms liqabire theircholesterd-
loweringedects.The most widely accepted explaioat for LDL-C reduction assoated
with almond consumption involves the substitution of monounsaturated and
polyunsaturated fat for daohydrates and/d8FA in the diet. A reduction in dietary SFA
hasbeen shownto upregulatd_DLr, thereby decreasing LBC. Almonds also contain
y b er aosterolspwhigh reduce LDC by decreasing cholesterol absorption
Dietary yber in almonds, predominately cel
transit time inthe intestineFiberalso mayincrease satiatiorsothat fewer caldes are
consumed during a particular meal. Phytosterols compete with dietary cholesterol and
bile acids for uptake in mixed micelles, thus interfering with cholesterol and bile acid
(re)ebsorption. Planprotein and argininalso havecholesterolowering éects, possibly
through alterednacrondrient metabolism and disruptedterohepatic homeostatic
regulation, respectively. The micranu i ent s i n a l-tocophetdd, mayespeci a

contribute additional protective beny t s b e yCoeductioh. D L
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The20D Di etary Gui del i ne sdecnlsaes sfiofoyd on;u ttsh ea

for this definition is based on nutrients per 100 kehlluts can be cagumed as part of the
DASH, Mediterraneanand vegetarian diets, providiag important source of plant

protein. The 2010 Dietary Guidelines also indicate there is moderate evidence to support
unsalted almonds, walnuts, pistaos,andpeanutsascardioprotectivavhen

isocalorically incorporated into a healthy, balanced Wigte 2010 DGAC report
addressealmonds p e ¢ i y ¢ candudirgdhat@limgnds lower T&hd have a

lowering or neutral ect on LDL-C and the LDEC:HDL-C ratio 1

Thealmones peci yc concl usi opodindicatethahae 2010 DG
randomizeecontrolled feeding trial with a larger sample size is needed to provide
d enitive evidence about the LDC-lowering éects of almonds. The studies conducted
to date have tested almond doses range from 25 to 100 gMllore research is needed
toi denti fy the i mpact of al mond consumpti on

oz./d (approximately 43 fgl) on both traditional and emerging risk factors for CVD. In
addition, longetterm studies of almond consumption are needed to better understand the
impact of chronic almond ingestion. Freguesearch shoufdcus on the separate
components of almonds (i.ekin, nut protein, oil, and wholeut), and how they work
independently and synergisticallor examplethe conponents study by Hyson et3l.
concluded thatvholealmonds and almond oil have simila@reets on plasma lipids.

While important information is provided in the study, distinctions betweenrdibet® of

t he fatty ac aedtsqltheopiiytosterots imdhe oil lkoenpoment cannot be

made. In addition, the study did not take into accouastication and bioavailability

factors, which may inpuence the amount of
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Tight control of experimental factors is imperative in future studiteough
research evaluating th@ects of almonds on classic and novskiiactors for CVD has
made great strides, important questions remain about the mechanisms by which almonds

reduce CVD risk.

Rationale for Current Study

Nut consumption is associated with a decreasédof CVD morbidity and
mortality. The benefits of natare likely due to their unsaturated fatty acid profile, fiber
and phytosterol content, and other bioactive nutriergdutions in TGind LDL-C can
be achieved by substituting foods high in unsaturated fat, likefout®ose high in SFA
and/or refind carbohydrates. Of all the tree nuts, almonds provide the most fiber,
pr ot ei-twcopheral per ode ounce serving, and clinical evidence consistently shows
lipid and lipoprotein improvements with almond consumptioeyv®us controlled
feeding almondatudies employediet desigs that incrementally decreased some or all
foods to accommodate the caloric addition of almonds. Thus, almonds have not been
evaluated in a controllefieding setting using a diet design with only a single, calorie

matched foodubstitution to assess their effects on cardiometabolic risk factors.

Objectives and hypotheses

1. Todetermine the effects ofcholesterclowering diet with almonds (1.5 0z./d)

versus an identicaliet with a single, calorienatched foodubstitution (i.e a
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muffin) on lipids, lipoproteins, apolipoproteins, and body composition in adults
with elevated LDLC.

Hypothesis Substitutingalmonds(1.5 oz.)for an isocaloric high-carbohydrate
snack, within the context of a lefat, low-cholesterol background efi, will

improve lipids, lipoproteinsand apolipoproteins and redusiedominal adipo$y.

. To investigate the effects of almonds on biological and functynoglertieof

HDL that extend beyond HDBLC concentrations.

Hypothesisincorporating 1.5 0z./d @monds in a cholester@wering dietwill
attenuate decreases in HDL function (i.e. cholesterol efflux) and HBdpsgies

that are observed with a lefat control diet

. Exploratory: To assesthe effects of interindividual characteristics on treatment
response variability.

HypothesisThe almond dietrelative to control, will provide greater benefits in
individuals who are normal weight (BMI <25 kginhversus overweight/obese

( 02 5 ?kirglividuals with low CRP (<1.0 mg/L) versus those with higher
CRP (01.0 mg/L), and in individuals
(lathosteroito-b-sitosterol ratio <0.95) compared to those with lower cholesterol

ab s or p t.95)0n the b@sis of lipids atigoproteins.
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Chapter 3 Effects of Daily Almond Consumption on Cardiometabolic Risk
and Abdominal Adiposity in Healthy Adults with Elevated LDL -Cholesterol:
A Randomized Controlled Trial

Abstract

Background: Evidence onsistently shows that almond consumption beneficiafgcts
lipids and lipoproteinsAlmonds, however, have not been evaluated in a controlled
feeding setting using a diet design with only a single, catoa&ched food substitution to
assess their spéic effects on cardiometabolic risk factors.

Hypothesis: The almond diet, relative to the control diet, will improve lipids,
lipoproteins, and apolipoproteins (apo) and decrease abdominal adiposity in adults with
elevated LDLC.

Methods and ResultsiIn arandomized, eriod (6 wk/period), crossover, controled
feeding study of 52 individuals witHesrated LDL-C (148.0 + 2.7 mg/d), a cholesterel
lowering diet with almonds (1.5 oz. of almonds/d) was compared to an identical diet with
an isocaloric muffi substitution (no almonds/dpifferences in the nutrient profiles of

the control (58% CHO, 15% PRO, 26% total fat) and almond (51% CHO, 16% PRO,
32% total fat) diets were due to nutrients inherent to each snack; diets did not differ in
saturated fat or chesterol.The almond diet, compared to the control diet, decreased non
HDL-C (-6.8 £ 2.4 mg/dL; P=0.01), LDIC (-5.2 £ 1.9 mg/dL; P=0.01), and remnant
lipoproteins {2.8 + 1.2 mg/dL; P=0.03); furthermore, the control diet decreased @& DL

(-1.8 £ 0.6 mg/dLP <0.01).Almond consumption also reduced abdominal {07 +
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0.03 kg; P=0.01) and leg fa(12 + 0.05 kg; P=0.02), despite no differences in total

body weight.

Conclusions:Almonds reduced LDiC, remnant lipoproteins, and central adiposity,
importart risk factors 6r cardiometabolic dysfunctioitherefore, daily consumption of
almonds (1.5 0z.), substituted for a hicgrbohydrate snack, may be a simple dietary

strategy to prevent the onset of cardiometabolic diseases in healthy individuals.
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Introduction

Cardiovascular disease (CVD) is the leading cause of morbidity and mortality in
the United States and worldwide and continues to be a major public health ptélem.
A cardioprotective diet is the gold standard intervention strategy for the prevention and
treatment of CVD, including individuals on drug therapy*°

The2010Global Burden oDisease Study reported low nut and seed consumption
asthe leading dietary risk factor attribbta to ischent heart diseasé! Furthermore,
the FDA issued a Qualified Health Cldifior nuts and heart disease in 2088d both
the2010 Dietary Guidelineand the AHA2020 DietaryGoalsinclude nuts in their
recommendations for aehlthy diet® Prospective cohort studies consistently show nuts
reduce the risk of CVD and athuse mortali§?+?>?42’ and nut intervention studies
demonstrate a cholestedolwering effect’ The PREDIMED triafound a ~30%
reduction in major cardiovascular events in individuals who consumed a Maktan
diet (MeDiet) supplemented with either 30 g/d of nuts (almonds, walnuts, and hazelnuts)
or 50 g/d (1 L/wk per family) of extrairgin olive oil compared to individuals who were
advisedo decrease their dietary fat inta®éThe authors also reported increased mean
LDL particle size and decreased waist circumference (WC) in the group consuming nuts,
suggesting novel cardiometabolic mechanisms by which nuts may de¢asrisk143

The hypocholesterolemic effects of almond consumption areestblished;
evidence shows thatraonds doselependently decrease LBL,*235%" which is
attributable to their unsaturated fatty acid profile, phytosterol and fiberrdpatel other

bioactives! Almonds aso reducexdditionalcardiometabolic riskactors including
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fasting? and postprandi&l* glucose, insulin resistarféé*>and insulin secretidfi®, and
several inflammatory marke?$!4’ Furthermore, within the context of a weighss
intervention, aiet containing 84 g/d of almondscreased WC by 14% compared to a
9% decrease with an isocaloric, complex carbohydrataaladiet®® A greater
understandingf how almonds, consumed as a snack (substituted for ecargbhydrate
food), affect intermediary markers of CVD, sumhlipoprotein metabolism and body
composition, is necessary to advaregdencebased dietary gdance to improve heart
health.The objective of the present study wasomparea cholesterclowering diet

with almonds (1.5 oz./d) tine sameliet with asingle, caloriematched food (i.e., a
muffin) in a controlleefeeding setting. Ounypothesis was that almonds would improve
lipids, lipoproteins, and apolipoproteins (apo) and decrease abdominal adiposity in adults

with elevated LDLC.

Methods

Study population

Men and women (385 y) with aBMI of 20-35 kg/nf and LDL-C 101-190 for
females and 12894 mg/dL for males (505th percentile based on NHANES data) who
were free of any chronic illnessd did not use tobagavere eligible for the study.
Exclusioncriterid ncl uded: al c ddservigsevigmefssaltogtopi on O
vitamin/mineral, lipid-lowering, or other supplemenisse of prescription cholesterol

lowering medications; veggrian diet; weight gain/loss @1.0% within the previous 6
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mo; and pregnant, lactating, or wanting to become aredreforeor during the studyA
complete blood count and standard chemistry profile were obtained at screening to rule
out the presence of serious illness (e.g. autoimmune diseaser, and
immunodeficiency)Seated blood pressure (BP) was measured by nuraeimtrolled
environment using a calibrated mercury sphygmomanometer and appropriately sized
cuffs after a Emin quiet rest according to JNC 7 guidelin&sThree readings were

taken, and the average of the last 2 readings was used to determini@\efmilstudy
participatonThe BPc r i t er i on ( S y40mm Hgand Diaftoliq B8 ©BR) O
(B0 mmHg) was established to avoid theuisabn of persons with unmedicated stage 1

hypertension.

Recruitment and ethical sspects

Participants were recruited throughiversity emails, locahewspaper and
television adsand flyers posted around campus and t@uxhundred fifty three
potential sibjects called to express intergsparticipating in the studythey were given
information about the study and, if interested, were asked a serieslichirand lifestyle
guestionsOf the 653 respondents, 143 met the study criteria and were schixded
clinic screening visit at the Penn State Generali€lll Research Center (GCR@)fter
written informed consent was obtained, a screening blood sample was drawn, BP was
measured, and body weight and heigbktevobtained to calculate BMDf the 143
persons who were screened,mbét study criteria andlererandomized to a treatment

sequencekight participantsvithdrew before the end of diet period 1 (DP1) [diet issues
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(4 subjects), time restraints (2 subjects),-oompliant (1subjec}, moved out ofarea(l
subjec}] and one participant was excludiedm statistical analysigost >10% of
baselinedbodyweight (9.5 kg)during the studyl subject)], resulting in 52 participants

for the final analysigFigure 3-1). A computergeneratedandomization deeme was
developed in advancéy C.E.B.)to randomize th@ treatment sequences

(almond/cotrol or control/almond)Each participant signed a written informed consent
(Appendix A)and he study protocol was approved by the Institutional Review Board of

the Pennsylvania Sia University

Study design and mtervention

Rolling recruitment took placesbween October 2009 and February 2012
individual participants were enrolled and randomiziegC.E.B.) to a2-period,
crossover, controlleteeding trial desigad to evaluate the effects of a cholesterol
lowering almond diet versus the same diet with a sifagdd substitution (control)All
meals and shacks were prepared in one oP#ma Statdletabolic Kichensard
weighed to the nearest graRarticipants pcked up their food Mondalriday and were
provided foodpackouts for Saturday/Sunday. Diets wederntical with the exception of
the snack that was providezlther42.5 g (1.5 oz.unsalted, whole, naturalmondswith

skin (253 kcal/d) or 106 g bananauffin + 2.7 gbutter (273 kcal/d).



143 Individuals assessed for eligibility

40

82 Excluded

54 LDL-C too low

12 Declined to participate
7 Blood pressure too high
2 Blood glucose too high

\

?| 2 BMI too low

2 BMI too high

1 High lymphocyte count
1 Abnormal liver enzymes
1 Sick at screening visit

61 Randomized

32 Randomized to receive
ALD/CON diet sequence

=

29 Randomized to receive
CON/ALD diet sequence

\

\

1 Dropped out during DP1
1 Moved out of area

4 Dropped out after DP1
1 lllness unrelated to diet
3 Non-compliant

7 Dropped out during DP1
4 Diet issues
2 Busy
1 Non-compliant

Y

Y

27 Completed trial

22 Completed Trial

i

\'4

30 Included in primary analysis
1 Only had baseline data
1 Lost >10% body weight

22 Included in primary analysis
7 Only had baseline data

Figure 3-1. Schematic of participant flow through the study.
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Thus, differences in the nutrient fites of the control diet and almond digere due to

thenutrient profle provided by each sna¢kable 3-1). Test diets were created using

Food Processor SQL software, version 10.8 (ESHA Relsg8alem, OR)A 6-d menu

cycle (Appendix B)was developed in 300 kcal increments for a range of calegds

(1800-3900 kcal) Calorie needsvere determined using the HarB&nedict equation and
adjustments were made as needed to maintain partsdparwe i ght t hr oughout
Mean caloric intakéor the almond2566 + 70 kcal/d) and contr@2512 + 70 kcal/d)

diets did not difér (P = 0.07).Compliance was assessed by daily weigh(Monday

Friday) and daily food logs (Mond&§unday) to assure that participants wetengall

and only study foodsRarticipants were instructed to maintain consistent physical activity

and lifesyle habits.

Table 3-1. Nutrient @mpositionof thealmond diet and control diet

Almond Diet Control Diet
Protein, % of kcal (g) 16.4 (87) 15.2 (81)
Carbohydrate, % of kcal (g 51.3 (270) 58.4 (310)
Fat % of kcal (g) 32.3 (76) 26.4 (62)
SFA, % of kcal (g) 7.7 (18) 7.8 (18)
MUFA, % of kcal (g) 13.9 (33) 10.4 (24)
PUFA, % of kcal (g) 8.4 (20) 6.2 (15)
Cholesterol, mg 116 122
Fiber, g 26.1 23.1
Sodium, mg 3070 3220
Potassium, mg 2880 2800
Calcium,mg 1320 1220
Iron, mg 17.1 16.4

On the basis of 2100 kcal/d and averaged across ménu cycle. All values
were determined using The Food Processor SQL (versiorD1&8HA
Research, Salem, ORAbbreviationsMUFA, monounsaturated fatty acids;
PUFA, polyunsaturated fatty acids; SFA, saturated fatty acids.
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Clinical visits and blood sample collection

Participants completed a series ohatial and physical assessments on 2
consecutive dayg daselingwk 0) and at the endf DP1 (wk 6) and DP2 (wk 14)
(Figure 3-2). A 2-wk compliancebreak separated diet periodd.each visit participants
arrived in the fasting state (12 h water only, 48 h no alcohol, ahdaithout vigorous
exercise) athe GCRC where bodweightand blood samples (~30 mL on eacly)daere
obtained Whole blood was drawn into either serum separator tubes oAEDMtaining
tubes centrifuged at 4°C for 15 miand storedt -80°C until further analysekleight
was measured at baselirgeated BP and body composition measures weeagneiok on

the first day of both the baseline visit and each endpoint visit.

. . Weeks 1-6 Weeks 9-14
Screening Visit ~
Measures: Step | diet with 3 | Step | diet with
* Ht/wt 1.5 oz S 1.5 0z
* Blood pressure almonds E almonds
* Blood draw (CBC, Chem 24) N
Qualifications:
* Male/ Female
* Age: 30-65 yrs
* BMI: 20-35 kg/m? - e -
« LDL-C: 50t-95t% percentile Step | diet o Step | diet
* Non-smokers WithOUt i WithOUt
 Not taking cholesterol-lowering almonds = almonds
medications/ supplements T N

Randomization

ICIinic Visit: Blood draw, blood pressure, DXA, waist circumference

Figure 3-2. Study timeline.
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Assays

Serum lipids lipoproteins and apolipoproteins.

Total cholesterol (TC) and triglyceridesG) were determined by standard
enzymatic and spectrophotometry procedures (Quest Diagnostics, PiiSBArgCvV
<2%).HDL-C was measured according to the modified hepadnganese procedure
(CV <2%).LDL-C was calculated using the Friedewald equdtinl-C = TCi (HDL-
C + TG/5)].In addition, a comprehensive lipid profile was assdygthe vetical auto
profile (VAP) method Atherotech, Birmingham, AL; CV 3%), whichuses a density
gradient ultracentrifgation techniqué&®® This assay quardigs cholesterol concentrations
of total lipoprotein, HDL, LDL very-low-density lipoprotein (VLDL)Jipoproteina)
[Lp(a)], intermediatedensity lipoprotein (IDL)andHDL, LDL, VLDL, and IDL
subclasse& Remnant lipoproteins are defined as IDL + VLDIG were independently
measuredAtherotech, Birmingham, ALCV <1%). ApoB and apoAl were calculated
usingresults from the VAP test and patented equations (Atherotech, Birmingham,

AL) . 150151

Serum insulin, glucose, and higisensitivity Greactive protein (CRP).

Insulin was quantied by radioimmunoassay aghtlicose by spectrophotometry
(Quest Diagnosti¢gittsburgh, PA Serum CRP was measured by lagghanced

immunonephelometrgQuest Diagnosti¢gittsburgh, PAassay CV 8%).
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Body composition measurements

Waist arcumference.

WC was measured just above the ileac crest acaptdistandardized
techniques$®2 Two consecutive measurements were recorded to the nearest 0.1 cm; the

average of the twmeasures was useddetermine/N/C.

Dual-energy xray absorptiometry (DXA).

Whole body DXA scans were obtained according to manufacturer recommended
procedures (QDRI500WV; Hologic Corp, Waltham, MA)Participants wore a cotton t
shirt and shorts and remed all jewelry and personal items tleauld interfere with the
scan.The scans were reviewed and analyzed by a certified technicianGEREusing
industry standardsscans were analyzed with APEX System software version iR.8sl
default configurabn. DXA scars provided whole and sukegional body composition,
includingthe leg region, comprised of both legs, and the abdominal regeasured
within a 508cm? area around the center point of the midline between the lateral iliac crests

and the lowetsrib margins.

Statistical analyss

Statistical analyses were performed using SAS (version 9.2; SAS Institute, Cary,

NC). Two-samplet tests(PROC TTESTwer e used to deter mi ne

S

(
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between sexes at baseline for each outcome varldbimality for each variable was
assessed using the univariate procedure (PROC UNIVARIATE) to quantitatively
evaluate skewness and visually ieaspbox and probability plot€hange scores were
calculated by subtracting base values from each endpoiithe mixed models
procedure (PROC MIXED) was used to test the effects of treatment, visit, and treatment
by visitinteractions on each outcontubject was treated as a random effect and the
remaining factors were fixegffects.Model selection was based oniapting fit

statistics lpwest Bayesian infornten criterion).Outliers were observed for TG (2),
apoAl (2), Lp(a) (4), and total body mass (1); these outliers were removed from their
respective analyses, which improved assumptions without affectingsikst Two
outliers were observed for the WC variable and, when deleted, revealed a significant
result; however, these data were justifiably removed from the WC analysis because they
were due to measurement error (i.e. 24.6 cm increase and 16.1 cmelethd&y).For

all outcomes, no treatment by visit (caoyer) effects werebservedThe nonparametric
procedurdPROC NPAR1WAY )KruskaltWallis Testwas performedo evaluate median
treatment differences for CRP and insulin change scohese two varides did not

meet the assumptions of normality and contained numerous outliers for which data
transformations could not correct, but had similar distributioictions and equal
variance.To correct for multiple endpoint testing we used the adaptive lstepup
procedure (BKY) developed by Benjamini and colleaditiés control the false

discovery rate, resulting inRwv a | u 6.036 ¢onsidered significaalues within he
text are reported asftérences of least squares mea8EM unless otherwise specified.

With U set to 0. Qabsangle size pf@6iparticipants was tletermthed9 0
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to detect 10% change in LBC®* our primary outcome variable, and a sample size of

44 wasestimated to detect &&change irabdominal adiposity, a secondary outcdite

Results

Participants were generally healthy, middged, overweight, and hatevated
TC and LDL-C levels.Baseline characteristics of paitiants = 52) are presented in
Table 3-2; females § = 30)were older, had higher TC and HEL, and lower DBP and
TG than malesn(= 22) P <0.05) Despite these diérences at baseline, nderactions
of sex by outome measure were shoyexcept for gicose (discussed below); thus, we
combined males and females for all analyBesticipant adherence to the study diets was
85% based on daily seléporting formswhich indicated veryninor deviations on

occasionMean participantveight was maintainedithin 1.6kg during the study.

Lipids, lipoproteins, and apolipoproteins

The almond diet decreased T16.0 = 2.4 mg/dLP = 0.05) nonHDL-C (-6.8 £
2.4 mg/dL;P = 0.01) and LDL-C (-5.2 £ 1.9 mg/dLP = 0.01)compared tahe control
diet In addition,the controldiet reduced HDLC versusthealmonddiet (-1.8 + 0.6
mg/dL; P <0.0]) (Table 3-3).

There were no treatment effects for LDLDL3, or LDL4; however, the control
diet reduced DL > compared tdhe almondliet (-2.6 + 1.2mg/dL; P = 0.04).In addtion,

thealmond diesignificantly decreaselDL 1 (-0.8 £ 03 mg/dL; P =0.01), total VLDL(-
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2.3 £ 0.9mg/dL;P =0.02, VLDL3 (-1.2 = 0.5 mg/dL.P = 0.02) and remnant

lipoproteins {2.8 + 1.2 mg/dLP = 0.03) versus the control di€urthermore, theantrol
dietreducedHDL> (-0.8 + 0.3 mg/dLP = 0.02)andHDL3 (-1.4 £ 0.5 mg/dLP = 0.01).
Treatment effects on apoB and apoALl reflected lipoprotein changes; the almond diet
decreased apoB4.1 + 1.6 mg/dLP = 0.01), while the control diet decreasedap (-

2.7 £ 1.3 mg/di.P = 0.05). Aimond consumptioalso reduced the TC/ HDBC (-0.24 +
0.06;P <0.01) LDL-C/ HDL-C (-0.20 + 0.05P <0.01) and apoBApoAL1 (0.04 + 0.01;

P <0.01)ratios(Table 3-3).

Table 3-2. Baselinecharacteristics aftudy participants.

Sex
Females Males Combined

N (%) 30 (58) 22 (42) 52 (100)
Age,y 53.5+6.7 45.0 £ 10.2* 49.9+9.3
Race, n (%)

White 29 (97) 20 (91) 49 (94)

Black 0 (0) 1(5) 1(2)

Asian 1(3) 1(5) 2(4)

Hispanic 0 (0) 0 (0) 0 (0)
Body mass index, kg/m?  26.2+ 3.1 26.9+ 25 26.5+29
Blood pressure, mm Hg

Systolic 114 +12 118 +7 116 + 10

Diastolic 77+8 81 £ 6* 787
Lipids/lipoproteins, mg/dL

Total cholesterol 234 + 22 218 + A4* 227 £ 24

LDL-C 151 + 20 144 + 18 148 + 19

HDL-C 61+ 16 46 £ 8* 55+ 15

Triglycerid 94(75125) 127 (120149)* 115 (90130)
Glucose, mg/dL 899 909 909
Il nsul i n, | U/ 1.95(1.963.00) 1.90(1.963.00) 1.90 (1.963.00)

C-reactivepr ot ei n, 0.85(0.501.40) 0.90 (0.561.30) 0.90 (0.561.40)
Values are mean = SD and were obtained using the UNIVARIATE procedure in SAS
(version 9.2; SAS Institute Inc, Cary, NC)

*Significant (P 00.05) differences between sexes at baseline for each outcome were
determined using the tw&amplet test in SASversion 9.2; SAS Institute Inc, Cary, NC)
AMedian; interquartile range in parentheses.
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Variable(mg/dL) Baseline Almond Control Almond Control Treat
(n=52)* (n=52)* (n=48)* (n=5 (n= Pval uct
Total cholesterol 227 + 3 205+4 211 +4 -21. 8 -16. 8 0.05
Non-HDL-C 173+3 155+ 3 162 + 4 17.9 11,1 0.01
LDL-C 148 + 3 129 + 3 135 + 3 -18. 7 -13.5 0.01
LDL1 21.2+09 177407 19.1+0.8 3.3 K 2.1 K 0.15
LDL, 269+21 202+17 175+17 6.7 K 9.3 K 0.04
LDL3 50.6+2.1 498+21 518+1.7 9.4 K 7.3 K 0.13
LDL4 17.7+1.8 195+21 214+19 1.7+1.9 3.2+20 0.38
IDL-C 16.7+0.8 16.0+0.7 18.0+0.9 -0.50 + 0.82 1.10 + 0.84 0.06
IDL1 5.0+0.3 49+0.3 5.9+0.4 -0.04 +0.32 0.77 K 0.01
IDL > 116+05 11.1+05 12.1+0.6 -0.47 + 0.55 0.34 +0.56 0.16
Lipoproteir(a) 7.2+0.7 6.9+0.7 6.6+0.8 -0.35+0.44 -0.79 £ 0.45 0.23
VLDL-C 247+1.0 248+10 274+13 0.09 + 0.89 2.40 N 0.02
VLDL 142 105+05 10.8+0.6 11.9+0.7 0.22 + 0.52 1.25 K 0.06
VLDL 3 142+05 141+05 155+0.6 -0.04 + 0.47 1.15 K 0.02
Remnant lipoproteins 30.8+1.3 30.1+11 334z%15 -0.54 £ 1.22 2.25+1.25 0.03
HDL-C 546+21 50.7+19 489+18 3.9 K 5.7 K 0.003
HDL. 125+08 11.4+07 10.6+0.6 1.1 K 1.8 K 0.02
HDL3 409+13 388+12 374+1.1 2.2 K 3.5 K 0.01
Triglycerides 117 £ 6 128 + 8 138+ 9 10+6 18 K 0.16
ApoB 113 +2 103 +2 108 + 2 9.6 K 5.5 K 0.01
ApoAl 156 + 3 149 + 3 147 + 3 7.1 K 9.8 K 0.05
Total choleterol: HDL-C 441+0.15 423+0.12 450%+0.13 -0.18 £ 0.08 0.06 £ 0.08 <0.001
LDL-C: HDL-C 290+0.11 267+0.09 288+0.09 -0.23 N -0.03+0.07 <0.0001
ApoB: apoAl 0.74+0.02 0.70+0.02 0.74+002 -0. 04 N -0.00 + 0.01 0.003

*Values are mean + SEM and were obtained using the UNIVARIATE procedure in SAS (version 9.2; SAS Institute Inc, Cary, NC).

AValues are

Institute Inc, Cary, NC)P values are for the main effect of treatment.

ySignificantly

di fferent

t han

zero

( basgkd.028.)

Abbreviations:Apo, apolipoproteinjDL, intermediatedensity lipoproteinVLDL , very lowdensity lipgrotein

after

| eamgetscorestISBEM and wera ebdamed aiding the MIXED procedure in SAS (version 9.2; SAS

Bonferro
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Body composition

Total mass (i.e., body weight), total fat mass, and total lean masstdidfer
between treatment$he almond ditreduced abdominal maé$.20 £0.08kg; P =
0.01) abdominal fat mags0.07 £0.03kg; P = 0.02) and abdominal lean masf.(3 +
0.06kg; P = 0.03 compared to the control digthese findings were validated by WC,
which alsowas decreaseuly the ainond diet(-0.80 + 0.33 cmP = 0.02) In addition,
almondconsumption reduced leg fat mag3.12 + 0.05 kgP = 0.02)(Table 3-4, Figure

3-3).

Additional metabolic parameters

The control diet significantly increased median CRP compared to the almond die
(P =0.036). There were no treatment effects on mean changes in glucose; however, there
was a sex by treatment interactiéh=<0.02), but poshoc comparisons were not
significant (ALD, F:-0.7 £ 1.5; ALD, M:-4.1 £1.7; CON, F:3.0 + 1.6; CON, M: 0.%

1.7 mg/dL;P >0.05). Results are presentediable 3-5.

Multiple endpoint testing

After BKY adjustmenfor multiple endpoint testing, LDL(P = 0.042), TCP =
0.046), and apoA1R(= 0.047) were no longer considered statistically significant; thus,

thee outcome variables should be interpreted with caution.



50

Table 3-4. Effects of treatment on bodpmposition.

Variable Baseline Almond Control Almond Control Treat
(n=52)* (n=52)* (n=48)* (n= (n=4 Pval uc
Total body composition
Waist circumference (cm) 93511 919x11 923x1.2 1.7 K -09+04 0.02
Mass (kg) 741+15 726+14 732+15 1.5 K 1.3 K 0.10
Fat mass (kg) 223+0.9 215+09 215+0.9 0.7 N 0.5 N 0.14
Lean mass (kQ) 496+14 487+14 493+14 0.9 KN -0.8+0.% 0.46
Abdominal composition (kg)
Mass 6.77£0.18 6.47+0.18 6.61+0.20 0.30 K -0.10 £ 0.08 0.01
Fat mass 2.15+0.12 2.01+0.12 2.05+0.13 0.14 K -0.07 £ 0.03 0.02
Lean mass 457+0.08 4.41+0.08 4.50+0.10 -0.16 £ 00 6 -0.03 £ 0.06 0.03
Leg composition (kg)
Mass 249+05 243+05 24605 -0.57 K -0.41 K 0.06
Fat mass 78+04 76+04 7.7+04 0.25 N -0.13 +0.06 0.02
Lean mass 16.1+05 158+05 16.0+0.5 -0.32 + 0.0y 0.29 K 0.60

*Values are mean + SEM and were obtained using the UNIVARIATE procedure in SAS (version 9.2; SAS Institute Inc, Cary, NC).
AV a | aedeast squares mean change scores + SEM and were obtained using the MIXED procedure in SAS (version 9.2; SAS
Institute Inc, Cary, NC)P values are for the main effect of treatment.

ySignificantly different t ha ntfornultige conparisoef 0.026) after Bonferro
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® Almond = Control
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Figure 3-3. Percentage change in body composiimeasuredviean percentage change (+
SEM) from baseline (ALDn = 52; CON:n = 48) is preseted for descriptive purges.
Statistics P values) were derived from the mixed model procedure in SAS fetrdgaares
mean change scordiifferent lowercase letters within variables indicate treatment
differenaes,P 0.05.Abbreviations:Ab, abdominal; WC, waist circumference.
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Table 3-5. Effects of treatment on additional metabolic parameters.

Variable Baseline Almond Control Almond Control Treat
(n=52)* (n=52)* (n=48)* (n=5 (n=4 Pvalu
Glucose (mg/dL) 89.7+12 876+13 87.7x13 -22+1.3 -15+14 0.62
Insulin (IU/mL)8 3.14+0.39 288+0.28 2.60+0.19 0.0¢0.1t00.0) 0.0¢0.1to00.0) 0.95
C-reactive protein (mg/L)8 1.42+0.23 1.03+0.15 1.64+0.37 0.0(0.3t00.1) 0.1(0.3t00.4) 0.04
*Valuesare mean £ SEM and were obtained using the UNIVARIATE procedure in SAS (version 9.2; SAS Institute Inc, Cary, NC).
AValues are |l east squares mean change scores N SEM and wer e

Institute Inc, Cay, NC); P values are for the main effect of treatment. ‘
ySignificantly different than zero (baseRd02.) after Bonferro

8Values are median (interquartile range) and were obtained using the NPAR1IWAY (KiadkalTest) procedure in SAS (version
9.2; SAS Institute Inc, Cary, NC).
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Discussion

The present studg thefirst andlargest controlledeeding trialusinga single
food, caloriematched snack substitutiom investigée thecardioprotective effectsf
almords, beyond the contriions toa heart healthy diet¥We showed that daily almond
consumption (1.5 oxfor 6 wks decreases nonHBL, LDL-C, apoB, TC/HDLratio,
LDL/HDL ratio, and apoB/apoAl ratio, confirming known benefitge also found that
almonds reduce abdominal and leg adiposiggpie no differences in body weight,
demonstrating novel effects of isocalorically substituting one serving of alnpendizay
for a high carbhydrate snack (i.e., muffin).

The LDL-C-lowering effect of almonds has been reported in previous trials in
hypercholesterolemic and normocholesterolemic individtidhs’ 384042 |n thecurrent
study, 27% (14/52) of pcipants had baseline LBC 160 mg/dL, whereas after the
almond and control diets only 4% (2/52) and 10% (5/48) of participants, respectively, fell
into this category. Our findings demonstrate that almond consumptffadtve for
lowering LDL-C. Furthermore, almonds attenuated the 1dicrease measured after
consumption of the chesterollowering lower fatcontrol diet.IDL, the atherogenic
precursor to LDL, have greater binding affinity for LDL receptors, causiefgential
uptake of IDI-C and extended residence éraf LDL-C in the circulatiort® In a sub
cohort of the PREDIMED trial, a MeDiet supplemented with nuts showed increases in
large LDL compared to a MeDiet supplemented with exirgin olive oil (P = 0.017),

no differences in nadum-small LDL (P = 0.085), decreases in very small LDL compared
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to a lower fat control diefR= 0.017), and decreases in IDL comgzhto both dietsR =

0.004)*3We found similar results for the IDL response; however, our LDLsedies
findings were not in agreemeMeasurement techniques differences in diet design
may account for thdiscrepancies between studi®®reover, a recent study reported
that cholesterol in small, dense LDL and remnant lipoproteins is associated wit
macrophage content in carotid plaques (r = 023€0.01 and r = 0.46? <0.01,
respectively), a marker of plaque instability, in patievits carotid artery stenosis’ In
patients with coronary artery disease, Wiaol achieved an LDIC goal of 400 mg/dL,
remnant lipoproteins we an independent predictor of subsequent cardiovasculasevent
(HR 1.74, ClI: 1.31 to 2.32§8In the current study, almond consumption maintained a
reducel level of circulating remnant lipoproteins compared to the control diet,
demonstrating improved clearance of-Tiéh remnants and, consequently, potential
protection from endothelial damagginally, HDL> and HDLs followed the same trend as
total HDL-C; the control diet decreased HBL by 38%, HDL2 by 52%, and HDLS3 by
48% more than the almond digtcorporating almonds in a cholestelolering diet
preserves antitherogenic HDEC and HDL subfractions while decreasing LiGLand
remnant lipoproteins.

Thecardioprotective properties of almonds are likely due, in part, to their unique
fatty acid profile, which is high in unsaturated fat, predominantly oleic acid, and low in
saturatedat. Importantly, Griel et & reported that lipilowering effects extend beyond
the fdty acid profiles of tree nutén the current study, the observed changes in TC,-LDL
C, HDL-C, TG, apoB, and apoAl were greateart those daulated by the Katan

equation®® (Table 3-6). Thus, other nutrients and bioactive compounds in almonds, such
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as dietary fiber and phytosterols, may contribute to theirDbwering and HDEC

conserving effects.

Table 3-6. Predicted versus observed treatment effects.

Variable Predic Obseryv
Lipids, lipoproteins, anc
apolipoproteins, mg/dL

Total cholesterol -4.3 -5.0+£24
LDL-C -3.8 -52+19
HDL-C 15 1.8+0.6
Triglycerides -13.3 -8.6+6.1
Apolipoprotein B -3.5 -41+16
Apolipoprotein Al 2.2 27+13

*Predicted effects of diets (ALD vs. CQMere determined witthe Katan Calculator?®
AObserveceffects of diet§ALD vs. CON) are presented afifferences of least squares
meant SEM.

Remarkably, despite no treatment differences in caloric intake or total body mass,
participants had a significant reduction in DX#easured abdominal and ladiposity on
the almondliet. This was confirmed by our measurement of WC, which also showed a
greater decrease with almond consumption. Similarly, in the PREDIMED trial, a MeDiet
supplemented with nuts decreased W&1(cm, CI:-6.8 to-3.4) versus a lower fat
control diet (8 cm, Cl:-1.0 to 2.5) and a MeDiet supplemented with exirgin olive
oil (-1.4 cm, CI:-3.0 to 0.3%* Likewise, in a crossectional sample of the same study
population, there was an inverse relationship between nut intakeaindl @diposity
(OR 0.68, Cl: 060 to 0.79P-trend <0.001)%° Paniagua et &P°>demonstrated that a lew
fat, high-carbohydrate diet (65% CHO, 20% total fat, 6% SFA, 8% MUFA, and 6%

PUFA) decreased adipose tissue in the legs but increased central fat in the trunk versus a
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high-fat, MUFA-rich diet (47% CHO, 38% total fat, 9% SFA, 23% MUFA, and 6%

PUFA) or a highfat, SFA-rich diet (47% CHO, 38% total fat, 23% SFA, 9% MUFA, and
6% PUFA) in insuliaresistant individals. Similarly, Walker et al®! reported an increase
in the upper body faib-lower body fat ratio on a higbarbohydrate diet (49% CHO,

23% total fat, 9% SFA, 9% MUFA, 4% PUFA) versus a higher fat, MUieA diet

(40% CHO, 35% total fat, 10% SFA, 20% MUFA, 5% PUFA) in individuals with-n
insulinr-dependent diabetethey also reported a negative correlation between the upper
body fatto-lower body fat ratio and percent plasma oleic acid-(#.36;P <0.01),
suggesting a role for MUFAri regional fat distributiof!

Collectively, epidemiological studies demonstrate that frequent nut eaters do not
weigh more, indicating that nutriedense almonds can be incorporated in weight
maintenance andeightloss diets®? A recent metaanalysis showed that nuts, including
almonds, do not increase body weight, BMI, or W47 kg, Cl:-1.17 to 0.22:0.40
kg/m2, Cl:-0.97 to 0.17:1.25 cm, Cl-2.82 to 0.31, respectively§j3 Moreover,

Novotny et aft® demonstrated that the measured energy content of almonds is less than
that estimated by the Atwater factors (129 vs. 169 kcal/oz.), which may be attributable to
their inherent nutrienbioaccessibility (e.g. fiber content, cell wall structure) and/or

interindividual digestibility (e.g. mastication, gut residence tikd&)3116°

Strengths and Imitations

Among the strengths of our study are the large sample sizecovetblled and

unique diet design, and comprehensive lipid/lipogiroand body composition outcomes.
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Previous controlledeeding almond studigs*’#2 employed a diet design that
incrementally decreased some or all foods to acocodate the addition of almonds.

the current study, we used a single, whole food substitution, which is more bigplcca
free-living situations Furthernore, our study dighcorporated a standard servifigs

0z.) of almonds using dietary replacement, which is consistent with the 2010 Dietary
Guidelines for Americans recommendatior consuming nuts and seéds.

Limitations include our primarily Caucasian study population, which precluded
ethnic/racialspecific analyses, and lack of gswidy dietary intake and physical activity
data, which may have facilitated a better understanding tafbokc changes from
baselineAnother potential limitation is the small total body weidibgs from baseline,
although there were no treagnt differencesOur objective vas to keep participants
within 3 kg of their baseline weight, which is acceptdblecontrolledfeeding trialsWe
met this a priori goal, but the modest losses compared to baseline iestatistically
significant.Importantly, dietary adherence was cargfalésessed and was acceptable.
Finally, the test diets were not matched for macronutrients, limiting conctualmut the
independent effect of almonds the endpoints we measuréthnetheless, almord
delivered nutrients/bioactives improved a traditional cholestevagring diet when
substitutedor a highcarbohydrate snaclkdditional controlledfeeding studés are
needed to investigate almonds within diets matched for macronutrient and fatty acid

intake.
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Conclusions

A daily almond snack, isocalorically substituted for a Fighbohydrate snack,
beneficially affected traditional and emerging CVD risk fagtorsluding central
adiposity.These improvements would be expected to decrease the risk of developing
metabolic syndrome and/or CVDhus, daily consumption of almonds (1.5 0z.) may be a
simple dietary strategy to help prevent the onset of cardiometaisd@ses in healthy

individuals
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Chapter 4 Incorporation of almonds in a cholesterollowering diet improves
HDL subparticle distributio n but not cholesterol efflux

Abstract

Background: Reducing dietary SFAecrease CVDrisk factors, including TC and LDL

C. Consegently, this dietary change also results in decreased-@Dancentrations, yet

little is known about theubsequengffects on HDL biology and function.

Hypothesis: Incorporating 1.5 oz./d of almonds in a cholestévalering diet will

attenuate decreasé HDL function (i.echolesterol effluxand HDL subspecies that are
observed with traditional cholesteflolering diets

Methods and ResultsiIn a randomized,-period (6 wk/period), crossover, controled
feeding study of 52 individuals with elevateDL -C (148.0 + 2.7 mg/dl), a cholesterol
lowering diet with almonds (1.5 oz. of almonds/d) was compared to an identical diet with
an isocaloric muffi substitution (no almonds/d)ifferences in the nutrient profiles of

the control (58% CHO, 15% PRO, 26#éal fat) and almond (51% CHO, 16% PRO,

32% total fat) diets were due to nutrients inherent to each snack; diets did not differ in
saturated fat or cholesterdl.lh e al mond d1(d#d+@7evs-3.4x03 mg U
apoAl/dL;P= 0. 00 1)-1:a nmr e@0er 616 vsd.55+ 0.17P = 0.02)
significantly lesshian the control diet. In additiorhgalno nd d i e t-3 compdredc e d
to the control ¢et (-1.0 + 0.6 vs. 0.1 £ 0.6 mg apoAl/dR= 0.04).There wereno

significanttreatment effects oglobal or transportespecific cholesteratfflux. However,

U
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subgroup analyses revealed ttegponses to diet (treat x baseline categegre

influenced ly baseline BMland, innormal weight participants& 15), the almond diet
maintainechonrABCAL efflux (-0.33 + 0.23 vs:0.86 £ 0.24%; P = 0.03) compared to

the control diet.

Conclusions:Incorporating almonds in a ofesterollowering diet improve$iDL

subpopul ation distribution, -$pdbDLfa#tadlllye
p r 4 fatio caused by a traditional lefat, low-cholesterol dietSubstituting almonds for

a carbohydrateich snackwithin a lowfat, low-cholesterol diet, @y be a simple

strategyto maintain favorable HDL subpogaiion distribution.
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Introduction

Current detary recommendatiorege evolvingowardswhole food andlietary
patern guidelinesyetthe recommendain to decreasgsaturated faintake remains
resolute>® Reduced saturated febnsistentlyhasbeen associated withdecreased risk
of cardiovasculareents!®® In addition reducingdietarysaturated fatlecrease CVD risk
factors,including TC andLDL-C? consequently, thidietary change also results in lower
HDL-C concentrations®’ Optimal macronutrient distribution remains controversial,
especially concerningrhich macronutrienshould replace saturateak {816° Evidence
from a randomized, controlldgedinginterventionthat comparea@ carbohydrate diet
(58% CHO, 15% PRO, 21% MUFA/PUFA), a protein diet (48% CHO, 25% PRO, 21%
MUFA/PUFA), and an unsaturated fat diet (48% CHO, 15% PRO, 31% MUFRAAPU
matched for saturated fat (6%¢vealedhat the unsaturated fat diet prevented decreases
in HDL-C compared to the carbohydrate and protein diets, while producing an equivalent
LDL-C lowering respons®

We previously showethata cholesterelowering dietwith almonds (1.5 ax),
substituted for misocalorichigh-carbohydrate snack, does wietcreaséiDL-C to the
sameextent as #@raditional cholesteredlowering diet(-3.9 £ 1.0 vs:5.7 + 1.0 mg/dLP
= 0.003) Thealmond diet relative to the cholestertdwering control det, also
maintainedHDL2 (-1.1 £ 0.4 vs:-1.8 + 0.4 mg/dLP = 0.02)and HDLz (-2.2 £ 0.7 vs-
3.5+ 0.7 mg/dLP = 0.01) HDL subparticles measured by ultracentrifugatiamd

apoAl, themajorprotein associated viitHDL (Chapter 3)
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Recent evidece suggests thahe cardioprotective effects of HDL may be more
dependent osubpopulatiordistribution and functionalitthanabsolde HDL-C
levels’®1" Therefore, based on this the@myd our preliminary findings, we
hypothesized thahcorporating 1.5 0z./d of almondsarcholesterelowering diet would
attenuate decreases in HDL functdity (i.e. cholesterol efflux to apeBepleted serujn

and HDL subspecies that are observed watitional cholesterdlowering diets

Methods

A randomizeecrossover, deriod, controlledfeeding trial inindividuals(n = 52;
30-65 y) with elevated LD{C (148 £ 19 mg/dL) was conducted to compare almonds (1.5
0z./d), within the context of a cholestefowering diet, to an identical diet with a
caloriematched muffin substitution on cardiometabolic risk factors. Detailed methods
andcohat characteristicgn = 52) weredescribedreviously(Chapter 3). Briefly,
meals and shacks wepeovided to participant®iets were dentical wit the exception
of the snack that was@vrided, 42.5 g (1.5 ozUnsaltedwhole naturalalmondswith
skins(253 kcal/d) or 106 g banana muffin + 2.Bujter (273 kcal/d)The nutrient

composition of eacHiet is provided inrable 3-1.

Clinical visits and blood sample collection

At the beginning of the study (baseline) and at the end of each diet period, on 2

consecutive days, subjects completed a series adaliand physical assessmer@s
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test mornings, participants arrived in the fasting state (12 h only water, 48 h no alcohol,
and 12 h without igorous exercise) to the GCRTrained research staff measured their
height, weight, blood pressure, and body composition and obtained a fdstdg

sample (~30 mL on each dayyhole blood was drawn into either serum separator tubes
and allowed t@lot or EDTA-containing tubesBlood was centrifuged at 4°C for 15 min

and aliquots of serum and plasma were stored89%C freezer until furthemalyses.

Assays

Serum lipids/lipoproteins were measured as previously described (Chapter 3).

HDL subpopulations

ApoA-I-containing HDL subpopulations were determined kiriensional
nondenaturing gel electrophoresis, immunoblotting, arajgranalysias
described 2173 ApoA-I levels in the individual HDL subpopulations were calculated by
multiplying plasma apoA levels by the subpopulation percentiles. Because each HDL
particle has a fixed number of apdAnolecules, the change in apdAevels in each
HDL subpopulation is proportional to changes in particle numbers. Theanikintra
assay coeffients of variation were <10% for the HBlubpopulation determinationaill

plasma samples were stored 80°C and were never thawed until analysis.
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Cholesterol efflux

Cholesterol efflux was determineding J774 macrophas as previously

described’* ApoB-depleted serum was pared using thenethoddescribed ”®

Statistical analysis

Statistical analyses were performed using SAS (version 9.2; SAS Institute, Cary,
NC). Normality for each variable was assessed using the univariate procedure (PROC
UNIVARIATE) to quantitatively evaluate skewness and visually @z$pox and
probability plots.Change scores were calculated by subtractingibasadlues from each
endpoint.Primaryanalyses usedhé mixed models pcedure (PROC MIXED) to test
effects of treatment, visit, and treatment by visit interactions on eachuoettco
addition the mixed models procedure (PROC MIXBEigs used for subgroup analyses
to investigate whether participant baseline characteristeesBMI) modified the effects
of treatment omutcome variableBaseline characteristics were stratifiatb categories
based on established mediarcut-offs; appropriate ked-effect terms for treatment by
baseline category were included in the mo8ek was only retained in the statistical
model as a covariate if it reached significarMedel selectiorwas based on optimizing
fit statistics (lowest Bayesian informationterion). For all outcomes, no treatment by
visit (carry-over) or treatment by sex interactions webservedThe Bonferroni
correction was used to adjust for multiple comparisBegison correlations (PROC
CORR) were used to evaluate associations between baseline vaAaddesple size of

45 was determined based on earlier stdeté® which detected significant changes in



LDL-C, our primary

to 0.05 and power set to 0.90.

out come,

Results
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and abdomi

nal

Participantsif = 52; 30 females, 22 males) were middle aged (49.9 + 9.3 y) and

overweight (BMI:26.5 £ 2.9%g/m2) with slightly elevated LDIC (148+ 19mg/dL) and

normal HDL-C (55 £15mg/dL) (Table 3-2). Baseline measurexd apoAl-containing

HDL subpopulationsindglobal and transportespecificcholesterol effluxn

premenopausal women, postmenags women, and meare presented ihable 4-1.

Table 4-1. HDL subspecieand functionality at baseline for men and-ged post

menopausalvomen.

Variable

Premenopausal

Females (n=13) Femaés (n=17)

Postmenopausal Males (n=22)

apoAZlcontaining HDL
subspeciegmg/dL)
pré4b

pr€b

U1

U2

U3

U4 ,

Ul1: g eb
Cholesterol efflux (4h)
mediated by (%)
Global

ABCA1l

nonrABCA1

8.2+34
39+1.1
33.3+11.8
65.5 + 6.4°
27.4 + 46
12.7+3.1
4.1 (3.15.6)

11.2+23
30+x14
82+1.4

8.7+25
4.4+1.0
33.7+11.8
68.1+ 14.2
25.9 + 3.6
12.8+ 1.7
3.8 (3.04.8)

11.4+23
3.2+17
82+1.53

7.8+26
40+1.3
21.5+6.%
58.6 +7.8
26.9+3.8
12.9+2.4
2.8 (2.13.5)

104 +1.2
3.3+1.0
7.1+0.8

Values are mean = SD and were obtained using the UNIVARIATE procedure in SAS
(version 9.2; SAS Institute Inc, Cary, N@ifferent letters within variables indicate
differences between groups and were determinedyulse ANOVA procedure in SAS
AGeometric mear®5% confidence limit for the mean in parentheses
Abbreviations ABCAL, ATP binding cassette Ahpo, apolipoprotein.

ad
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There were no baseline differences betweengnd postmenopausal women; méad

significantly lesd)-1 subspecies antholesterol efflux from noABCA1 transporters

compared to & and postmenopausal womeien also hadeduced}-2 subspecies

compared to postmenopausal wonieaspite thesedifer ences at baatsel i ne
interactions of sex by ocvme measure were showhus, males and females were

combined for all analyses.

ApoAl-containing HDL subspecies

The almond diet decreasbkl (-1.4 + 0.7 vs:3.4 + 0.7 mapoAldL; P =
0.001) -Epde b hoeod 016 vs.{0.55+ 0.17;P = 0.02)significantly less
than the control dieHowever, the almond diet reducee compared to the control diet
(-1.0 £ 0.6vs. 0.1 + 0.GngapoAldL; P=0.09. THe Preb ratio was tI
variable that had a significantaim effect of sex; regardless of diet, females had a greater
decrease in the ratio compared to male( + 0.17 vs:0.00 £ 0.20P = 0.02).There
were no treatment effeclisr the remaining apoAtontaining HDL subspecie¥he

results are presented Tiable 4-2.

Cholesterol efflux

There were no treatment effects fpobal or transportespecific cholesterol

efflux to apoBdepleted serunResults are presentedTable 4-2.
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Table 4-2. Effectsof treatmehonHDL subspecieand functiomlity.

Variable Baseline Almond Control Almond vs. Treat
(n=52) (n=52) (n=48) Controf* P Value®

apoAl-containing HDL

subspeciefmg/dL)

pré4b 822+0.38 7.97+035 850+043 -0.42+0.29 15

pr€hb 4.07 + 016 391+0.17 4.03+0.18 -0.06+0.10 57
U1 284 +1.6 269+ 15 24.3+1.3 20+0.6 .001
U2 63.4+15 61.8+1.4 61.1+1.3 0.8+0.8 .29
U3 26.7 £ 0.5 25.6 £ 0.5 26.6 £ 0.5 -1.1+05 .04
U4 12.8+0.3 11.9+0.3 11.7 £ 04 0.2+0.3 A7

Ul1: {reb 3.4(2.93.9) 33(2.838) 29(2.533) 049+0.21 .02

Cholesterol efflux (4h)

mediated by{%)
Global 11.0+£0.3 10.2+£0.2 10.0+£0.2 0.1+0.1 .30
ABCAl 3.22+0.19 272+017 271+0.17 0.04+0.14 .79
nonABCA1 7.73+£0.19 7431018 7.29+x0.16 0.16x0.11 15

*Values are mean £ SEM and were obtained using the UNIVARIATE procedure in SAS
(version 9.2; SAS Institute Inc, Cary, NC).

Aalues aralifferences of least squares mearS8EM and were lotained using the

MIXED procedure in SAS (version 9.2; SAS Institute Inc, Cary, NRG)alues are for

the main effect of treatment.

YGeometric mean; 95% confidence limit toe mean in parentheses.
AbbreviationsABCA1, ATP binding cassette Ahpq apolipoprotein.

Normal weight vs. overweight and obese participants

There were no treatment differences in total body weitgible 3-4) or BMI
(data not shown)Subgrog analysis revealed that baseline BMI influengeas-€ b-3, U
U1 : 4 rat®pand nosABCA1L cholesterol effluxesponses to diet (treat x baseline
BMI category;Table 4-3). In normal weight (BMI €5 kg/nt; n = 15) participants, the
almonddied e c r e a 2€¢@36 H 0.18 fs. 0.16 + 0.20 nagoAldL; P = 0.02) and
U3(-3.0+1.1vs. 0.4+ 1.1 mapoAldL; P <0.01)compared to the control djghe
al mond di et allso {patebedaction that was bbserved on the

control diet (0.30 = @0 vs.-1.08 + 0.31P <0.01).Although the mai effect of
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Table 4-3. P-valuesfor the main effects of treatment, visit, sex, category, and their
interaction terms

Variable Treat Visit Sex Treat*Visit Category Treat*Category
apAl-containing HDL

subspeies(mg/dL)

pré&b 0.038 0.57 n/a 0.37 0.73 0.075
pr€b 0.071 n/a n/a n/a 0.94 0.004
U1 <0.001 0.88 n/a 0.68 0.015 0.12
U2 0.24 0.15 n/a 0.37 0.58 0.57
U3 0.002 0.17 n/a 0.55 0.31 0.004
U4 0.99 0.52 n/a 0.27 0.62 0.84
Ul: 4qreb 0.001 n/a  0.047 n/a 0.69 0.004

Cholesterol efflux (4h)
mediated by (%)

Global 0.19 n/a n/a n/a 0.53 0.34
ABCA1l 0.88 0.22 n/a 0.57 0.79 0.35
nonABCA1 0.023 0.12 n/a 0.79 0.23 0.024

Abbreviations ABCAL, ATP binding cassette Ahpo, apolipoprotein

treatmentby BMlcategr y di d not r e aldP=042Tghei4B)iterance f o
was a signifi cant-1onthsamoohddietcompaeed to theé dordral i n U

diet in normal weight individuals3.0 £ 1.2 vs:6.5 + 1.2 mg apoAl/dLP = 0.02)

Moreover, theravas a significant main effect of BMI category, which indicated that

nor mal wei ght parti ci p-athansvertveigttara olggsee at er d

participants{4.8 £ 1.1 vs:1.6 £ 0.7;P = 0.02), rgardless of dietary treatmei.

addition, choleterol efflux vianonrABCAL transportersvas maintainetby the almond

diet compared to the control die0(33 + 0.23 vs:0.86 + 0.24%P = 0.03) Overweigh

and obese pa 25kg/efing a7hdidnot €xBeMdnce @ny significant effects

of treatnenton HDL subspeciesracholesterol efflux outcomeResults are presented in

Figures4-1 and 42.
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Figure 4-1. Mean changes (x SEM) in HDL subspecksbagline BMI statusLean
(BMI <25 kg/n;n=15)vs.over we i g ht /25 Ky/afsne 37) maidipand.
Different letters within variables indicateeitment difference® 0.05.*Significantly
different than zero (baselinéggonferroni correction was used to adjust for multiple
comparisonsAbbreviatons: ABCAL, ATP binding cassette Ahpo, apolipoprotein

Figure 4-2. Mean changes (+ SEM) ioholesterol effluxby bagline BMI statusLean
(BMI <25 kg/nf;n=15)vsov er we i g ht /25 Ky/efsne 37) [Batdipant.
Different letters within variables indicateeitment difference® (0.05.*Significantly
different than zero (basak).Bonferroni correction wagsed to adjust for multiple
comparisonsAbbreviationsABCAL, ATP binding cassette Ahpo, apolipoprotein









































































































































































































