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Walnuts are unique, among the‘ntits, in their cbmposition relative to alpha-linolenjc acid 

(ALA). JU,A in the body &saturates ,+~I~elongatbs adequately to eicosapentaenoic acid (EPA) 

and doco@rexaenoic acid (DHA), provided that the LA/ALA ratio in,& diet @ 40 dess, and ,.e .i/l . ‘. ..” ,e I_, , , _ I. ;, . ,T 
the trans fatty acid intake is less” than 2% of tota!.. e9ergy intake [Reviewed in reference 13. As i 

Table II shows, walnuts contain,$e highest amount of A&A and a ratio ofl&o?eic’(~) to AcA ’ . : c, .Y.‘Y \G?:, :a..>“‘; _,)_ t!;;: (,_ -_, _ 

of 4 to 1, precisely the ratio in t& Lyon Heart Study c2-41 t&t showed a decrease-of70% in 

overall mortality and a decrease in the ~ejnfarction rate in the rnyocardial infarction (MT) patients i ,_ , C.. * : ,__/ .,.i;.,a “.py”* .-,, _ I/I-L.*.*- .,1 .,_ I,_ ” _ / ~ 

0 by 50% within 27 mom&s of the study. 

In the mdo~Mediterranean diet study, equally significant results were obtajm$ at,aratio _,\ * !^ 9. il, ” ““. ,, ‘r Il ,~,*r~,u’li”~ _, , 

of 3.811 of LA/ALA [5]. In the Nurses Hea&h,S~dy, Hu et al. [6] showed rhat a higher intake of 1”” .~ .., 

ALA was associated with a relative r$k (RR) of 0.55 in the low,& quintile, p for a trend of 0.01. I/_ 

The ALA intake ranged from 0.71 g/d in the lowest~quintile to 1.36 g/d in the bigbest quintile “I_ ,.._ ““.” a*... 

[63- Ln the Sin&r et al. study [S] the ALA int&e was r.8 g/d. In tbe Lyon Heart St@y, about 2 g 

of ALA came from canola oil margarine 221. ;/,. ” _“ ^._ The estimation to ~n!e $bout ,? g of ALA came from 

the data fram Crete (Table 2) (73. One ounce of wa&ue .conta& 2.57 g of ALA. The plasma 

cholesteryl esters in the population of Crete were three times as high’& those ofZut&en, .,. -.., _ ,~ _.. 

Holland., and had the low+ coronary heart disease mortality rate than any other population in 

the Seven, Cou~~rriis Study [8]. Thus, intcrYention trials involving 605 patients in the Lyon Heart ” / s ,<, >($il ., 

0 
Study and PO00 patients in the bdo-Mediterranean diet study, as we11 as the Nurses Health ‘.- /I‘ 2. (.d.)x . . . I” “A‘“. . _., ,,. _ _ _ , 

Study, show a benefioil effect of ,A+ relative to coronary heart disease, both in the primary “. ,. *; s ., 
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e ._ 
prevention [6,9] and in the secondary prevention [2-S]. Simon et al [lo] showed an increase of 

one standard deviation (SD) in the serum Ieve? of-GA in,cho&sterol esters.!?$ related‘to^a 37% _a _/) i-/;~. ‘(“C” ,‘f, :j., -+ I, _ _.. _ __, .j ,/. 
reduction of stroke risk. -5 ,., ,“” ,- I 

Protecjive Effec-b of Alpha-L@$e$i$,,&ic! (ALA) ia CardiovascuJ&r Disease 

fibrillation [13,14], Other beneficial effects inclu$o- +nimprovement in arterial compliance [15], 
_ 

modest blood’pressurereductiorr [ 16) and antiplatelet effect [ 17,1.8]. Finally; “an anti- 

inff ammatory effect has been proposed [ 193, which is supported by the results of the I@jdj~_ et j 

al. study [20]. In their study, ALA led to a decrease in C-reaqtive,protein (CRT) f20], an acute -- - ---m _..__~ --.---- -- phase protein reactant that is aq independent risk fa+r,for coronary heart disease [2l],‘whereas 

LA ha@,gp effect [20]. 

Specific EffecQof Alpha-Liaolenjc Acid (ALA) in Walnuts that Decr+se C~~$$~V~ Heart 

Human Stu&T ^, . _ 

l Decrease in small dense.LDL [22]. Small dense LDL is the m~st~atherogenic form of LDL. . . . . . \.,_/ ” : . , -. 

l Does not lead to increases in weight gain 1231 or may even lead to weight loss [22]. Six&u _ . S.^ ,;. .._, Y., , as. - ” .*,1..-1 *.w -J-r, , * “-& * ‘“_ , __ , ._ * ^ _, ,._ “_ 
studies obtained from feeding ALA to animals. -.&A-fed animals had less weight gain (due hX .I, .,, )_ .>“_ _I” a I . ./ ..,r”*i/,.$, );.,e%*, ::, .i _ I . -e .I I I- ,I MU ” :r- 1’“~ a.>.‘~ Y,‘,, (_., .;-, .“$- . _, 

to higher oxidation of &A relatiue to LA). 

+ Feeding walnuts to hypercholesterolemic men and women at a dietary ratio of 411 of ,_ j , ,I* ;._ ~>, , .,“~,>‘s”:‘~a:il~ 

LA/ALA of the total diet showed a significant decrease in CRp [24]. _ ~_I ,I. ,A, ‘.zY.“. * Adl_-w, s* 1_” _ 1 ” _ _ :, _ :. ‘- 
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improved endothelial functiqninxn~n$ Tgmen with hyPercholesterolemia, as shown by ,/ *:i- ̂_ - .’ _, i^ r , ._ / 

decreases in va~c&r ~$1 a@@on mole@e~(VCAM) [25]- I-,‘“- ^ 

0 Zhao [24] has confirmed the results of,Pe~e~.~~~~as,[255,- yhoting a decrease in ‘vcm, and ,. I 

in addition, KXM and E-selFtin. 

l ATA from walnuts d+reased~lipoprotein (a> [Lb(a)] [26]. LDL particles be&x enriched 

with ALA, but the& resS& to oxidat& &as presirved. b.Y I; . * *“, I j, .-- -- . ,_ ,, _, “_, , 

The to@ a&oxidant content of walnuts indicates,?at $ey have the hi&est content ..~.. _ c XT,. *Ilb”‘&*r“.F’I Y>! ,._, A.j*‘r’.r*+r., ;*i I ,z_, ,+,..s /* : ay ,I__ i .-., ;~,, .? / -‘,“, ‘̂  “_ _. ,,/(_ *_ 
(Table 3) which adds to their uniqueness [27 J. Oxidative stress is irk&@ ~IJ the, pathogenesis 

.‘ 
of most chronic diseases, including coronary heart disease. So, the.total antiox.jds: cp@egt c$ 

_ _ 
foods is a~ important factor in *$s: prevention of &ronic djseG%. 

Conclusiop 

The background diet becomes important in the controj ‘of xi& ;fJ$og~ fq~ _c~~~~~ heart ,,a S.?. ,.,- .1 

disease, and walnuts kre unique among nuts since they provide a rat& -of I,~&&~~~f+/t, which 

has been shqwq to decrease the risk for coronary heart disease in @#mention tr$s. Walnuts not ” “.. . . Il,y .I,, ,/ .-*,a .,_,vli *,__ .“I “;*“*& ,,a I a’. ., /_,,~ ‘~ (_ )/ .~_ ,. 
only provide the highest amount of &LA., but they also provide the highest concentr+tion of 

antioxidan$ relative to other nuts. To _b _p _,_ e*. grotip’walnuts together with other nuts is unscientific, * ‘S. X.A~_y.\. -ii, ._* *- 16 .//_ .i__ ^,)“< ,._ 2‘ . 

because it ignores an important body of qGdemiologica1 and clinical research,on,theb~~ficSal 
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Table 3. Total antioxidant concentration of nuts and seeds’=L 

Nuts and seeds 

Walnul 
Sunflower seed 

Sesame seed 

Hazelnut 

Almond 

Cashew nut 

.  I  

(n=3) - (n=3) 
Nottefabrikken 0.22 Nottcfabrikken 0.23 Noltefabrikken 0.24 
(n-3) (n=3) (n=3) 

able 7 in Reference 27. 

/ 0.23 
i 

,!Modified From 1 
b %ieclron-donating antioxidants were determined by FRAP assay. Values repr-escnt mean concentration per 100 g liesh weight of 
! edible portion ifnot otherwise staled. The origin and brand of each sample are indi,cated. If available, Samples A, B and C rcpresenl 

separate samples of the same dietary plant obtained loom diffcrcnt sources such as geographical location or manufachlrer. 
p ‘The number of items analyzed is indicated in parenthesis, 

Sample A 
I 

Diamond (n=3)’ 17.89 Helios (~3) 19.76 Hclios (n=3) 25.25 
Natuvit. Denmark 5.41 Natuvit. 4.57 Natuvit, / 6.18 

Overall mean 

20.97 
5.39 

1.21 

0.49 

0.30 
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Reference 20 i \TH EROSCLEROSIS 

,Atheroxlcro$i$ 00 (2002) l-6 
wuw&cvier co~locaic/alhero~~crosis 

Loukianos S. Rallidis aq*, Georgios &~h&~, Geb$os K. Li&&‘, 
Aggeliki H. Veljssaridoti’, C?&igios Anasta$x& d, Antcwis Zcqnpelas b . .._ ._ 

&ckgr~und: ~&amm&ii i  plays & i@6Smt iolc in the pathogen& of coronas &ry disease. WC cxamin;dw’~rher‘dietary ~ .~/ ._ (_ _j ,“” 
supp[emenration with a&oknic acid (ALA. I&3&3) aflccts the levels of iqflammatqry markers in dyslipidaemic patients. Merl~ods: .,, (; .,,, 
We recruited 76 rt@  dyslipidacmic patients (m&n age I 51 fs y&is) fi?lIo&g’a typi& Greek diet. fiey bcre raidomly assigned 
eitbcr co. !J ml pf linsccd oil (rich in ALA) per day (n = 50) or to IS ml of s&b+ $ii (ri&‘ik ~nolcic kid (LA. ‘I 8~211-6)) per day __a.. 1.1_1 ; 
(n = 26). The ratio or n-&n-3 qJ&jeedoii. su@4%iit6d group was 1.31 and i&p saflJoyc< ?j! supplemented group 13.21 I I Dietary 
intelvent+ lastqd for 3, months. BIoodJipids and C-reactive protein (CRP). xrum amyloid A (SAA). and interleukin-6 (IL-6) ftvcls 
were dcte&n&d prior and ai~r’~~~~i;~~or;:‘CRP^ind ,$A$ y&e nimur&d by nephdomerry and 11-6 by immunoassay. Results: 
Dietary supplementation with ALA dk&~&~ ~~~~~~~~~~~~~~~~~~ ~~e-‘e~~~~_.~~-~~~~~:detreai of CRP was 38% (1.2& ,* . % “,. r,sr..,“,;, ,*.s 
vs. 0.93 mgll, P =0,0008~, of SAA 23:‘1% (i.24 VS. 2% mg/l. P =O.OW) and of IL-6 IO.S% (2.18 <*id “I”.L.g,xI.III 

vs. 1.7 p&t P.P. &OIj:ffi’~ ’ 
decrease pf inflaqmat~~y m;irkers was independent of lipid cl~~ges. Dicta0 supplementation titb LA did not~@c~ sjgnificantly 
CRP. SAA and IL-6 ccncen@@ l&t d&eased ehplesterol Icwls. Conclurion?: Dicta? supplementation with ALA for 3 ,mo@s \ -ais-:;w4-*‘r *,.p, !<. :+, &” ,-.*&,.:“, decreases significantly CRP. SAA and”“‘ii&%<$ b;slipld~emlc patients. ~~~~~~~~~~~~~~~~~ effect may proGdc a possible . / .‘ I ._ . . 
a&jitbcal mechanism for rhe bene&iaI cffcct of plant n-3 polyunsaturated fatty acids in primary and secondary prevention of ::,-- ““‘y‘ /; .~ ,._. Cd_ / “, “__“,. _ 3. ,_ 
corinky sncr$‘bsease. 

.~ _ ..s. __ .I^ .L,. ,__ I ‘._ .,- ,_ . ,. _ 1 
@  2002 Published by EIsevier SC&C Irelahd Lg. 

Keywords: a-Linolenic acid; C-r~$~% proms: Dyslipidannis: Tnterfeukin-6: Linolrie acid; Serum smyloid A ,, , > 

I. Irttroductioa 

There is substantial.ev~&nce that inflammation plays 1 ̂  TI _.w-.*** .-4,,.*r.P-.i* 
a central ,rolr in all phases pf.,@e arherosclerotzc process *. I ,.I ‘~~.,.“. 
[I]. Our understanding of atherosc@qsis hag evolveql 
beyond the view that it is a bland lipid storage disease. .l, “. . _ 
Ctinical studies show correlation of +z$$ng acute 
phase reactants oq cytokines with &reaqed~‘$+k’ f$~ , 
future vascular events” and raiqe J& possibility of active 
contribution to their pathd&&sis’(2,$ 

* Corrrsponding aurhor. M$~F;_ 7$ .~c~~opylon SW+ 
Aqymupolis 16451, Greek. Ttl./t~ r:O-210.992,+106. 

Cmrril address: rslli~is(~~st~.Fonh~ct,~ (L.S. Rstlidis). 

Dietary fats rich in a-linoleniq a,$,@ ,(ALA, 18:31-t-3) 
havi been reporfcd to modulate some of $?I? iqifl?t$a- 
tory responses in experimental animal models [4] and _= .__.. 
clinical trials [S]. ALA is an essenrjal fatty acid present in 
vegetable oils. It isjhe precursor for the formation qf the 
-marine long chain n-3 ‘polyunsaturated fatty acids 
(PUFAs) eicosapentaenoic acid (EPA) (20:Sn-3) and 
docosahcxagqic a@ (DHA) (22:6n-3) which csri cl+ 
place kachidonic +id (20:4n-6) and reduce the produc- 
tion of prdinfltitiatbiy eicosanoids prostaglandin E2 
and leukotrieqe Bo. Arachidonic acid,,ig +ivccj by 
desacuration and $longa$on of linoleic acid (LA) 
[ 18:2n-6). 

Epidemiological studies indicate that t,here is an 
“in&se a&b@ti,on berw~n dietary ALA and risk of 

0021-9 ISOIO2.4 * see lronl matter :Q 2002 Published by Elscvicr Sk& Ireland ted. 
P1l:SQ021.9150(02)004”2~-6 
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myocardiat infarftion [6-s]. In the Lyon Diet Heart 
Study a Meditcrratyan $iet nch,in”?LA W?S b&‘cial 
in secondary prevention oi $ocardial in‘r;;;c$~~ PI- d 
number of studies have also irrvestigatcd the effect of, -i L;- r;.., ,,;&*l A., : 1 ;-i */ * h ALA.;; d;lbod”llpld levels and lndlcated &!’ ifs possible 
a,tidrh,,gkn~~“~roperties are not due to the im#ove- 
merit in blbod lipid profile [\O .]a]. 

AS therT% is JIO study to correlate dietary ALA with 
inhmmatory r&&s ‘G Z’i&stigatid tihethw dietary 
~~ppk~~mtation with ALA af&F,,,t@ Icw!s of acute 
phase reactants C-reactive protein (CiiP) ,‘and serum 
myloid A  (SAA) and ihc’ cytokine interle;ikind ‘(JL-6) 
in d yslipidaemic patients. 

_ 70 L Materials and ,methods 
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Subjtas were rccruitgd fr?? $e ,Depa’fWent of 
Cardiology of Laiko Hospital and were then screened 4,;,.;z,w7;. ‘y”,*,.;- A*, ., 
regarding their health s@t+,- medication X.W& diet and, ” ^^... * ” . / 
exe&c pattern. Subjects with prese@<~ %r-infieion, 
endocrine, liver or yqcplar disease, blood.preSsurr > 
145/95 mmHg, on medic&~ $$&vn to affect’lipopro- :- ‘;: -‘ii- 271 :117-l* j ,I_/ I 
tein metaboJ&m, habitual consumption pf >,.!p !$$s 
alcohol per week, smoking habits (3 16”ci&retteS p& 
day) or habitual un&taJcing of r 6 h of vigorous _ ., I. 
exercise per week were excluded from the study. Intake i /_j‘,._ ,. / = 
-of anti-ix+lvatory drugs or vitama or other c&ax-y 
supplements was for$%%$” duiitig the ejrperimental 
period. 
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Our study was an interventional study of, parallel 
design. We followed, 5 23 process to form the ALA 
(subjects supplied with ALA) and LA (sirbjects supplied 
with LAj group, respectively. E~pkrir&nt& period 
lasted for 12 we&s., Subjects screened at’ entry to be 
following the average Cireek diet. T&&V& tiked’td 
maintain their dietary habits and us@ lifestyle. Subjects 
were randomly divided into two groups and assigned to 
one of the two oils supplementation: ALA j$roti$ 15 m l . . ,. _ /, 
of linseed oil per day canta;‘;li~~“p~~~i~~~ely B g of 
ALA and LA group I5 m l of safflowcr,~ oil per day 
containing approximately 11 g of LA. The intake was 
designed to be such in order to achieve a‘n-6%3 &io of . -i-s i.,-I..I.“~.~Yi*.. .,#*‘*i,iir, /._ “s.~“:L’r ,,,,. 
I.3:1 in thc’A&,A group and 13.2:1 m  the &A group 69 
well as to keep the tota!. fat intake constant in both _ “C “I I‘.‘_* “I, .~~\,,,r,dri, ‘ye * 
groups. Linseed and sagower oils were pro%%d”gF. 
Savant Inter?atipnal, UK Supplement was taken”-:thrG 
times per day. one ieaspoon of 5 m l per meal. Blood 
samples collection wq.carried out following a 12-h fasr. ^ +“-. 
The volunteers werq asked PO k$~r&&d df what $ey 
consumed the day before the fir.q’bl$qd collqiop and 

-. 

Srrriic aad (gj. 3.6 14 
Arachidonic acid (g) 0.5 
Okic trcid (g) 182 11.5 
Ekosa~nraenoic acid Cg] 0.5 
I,inoIeic &id’.(g) 13.9 74.4 
a-LinOIcniC kid (I) 54.2 0.5 
Total stcroh (3 0.4 0.4 
Toul tocopbcr~l~ (ms) 9.21 48.21 

,^. . . I _” 1 _,_, * ‘<h +. :-,- ,_.,.. L ,.,) ‘_ _ .,. 

they &xe also &$ced to cbnsume exactly the same meals 3, _A* 1-. ,,.B _‘,l,,.** 
the day before’the Seccind blood collectiqq.~~ 

The composition of the two oils &‘-&en i;i T&&e 1. 
The study design was approved by the EGGcal Commit- 

‘, ,,ree of the Harokopio University and the volunteers gave 
.their informed. c?pscnt. ce .s$jects visited the Depart- 
ment of C$rdi~!qgy at’Laiko Hospital once a month and 
the oils were provided to &rn~., ‘IJe subjects were 
weighed af&ch visit. and ye asked for their smokiili 
and physical activity habits. 
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Di’etary .assessme$ based ,on ?,+a$ frequency ques- ,_, 
tionnaire vqs *cd to define the background diet ofrhc L ‘.. 
subjects. Frequency of rniikj“‘&&& fruits, vegetables, 

~‘ie&mk, ‘olivt’ Oil, fish and meat coasgmption was 
recorded* together with a dietary 24”h recaII. The 
subjuxs’ dietaT intake during the intervention period 
was checked by one 3-day dietary record per month. The 
recorded-days comprised of 2 wee&lays and 1 weekend 
day. The diet diaries uvere analyzed by the YUTRWON- 
tsT v program (version 2-l Fir Data ~~~~,~~~~~ ~$@& 
Supervision for &nqking ha& body mass Index, 
physical -activity and dietary habits v&i’ :ht&ked by 
phone calls once a wkek and. by monthly visits to the 
hospital. 

2.4, Blood sumphg and laboratory nrerhods 132 

The volunteers @ended the Department of CarcJol- 
’ ~@$a<“‘~%‘%~’ Ho+pital &vice Foor’blood collection, at rhe I. , ./ ,.. 

beginning and the end of thq ~~pezimental period. Ai 
’ da& visit,‘irid after a 12-h overnight fast, blocld samples 

were collected at OS:00 h Subiects laid supine for 10 m in by “~“*I ,,,*:“i%c; bdj,*n*, ‘V., .L ,.h’,:-: - 
$%to tht $1008 co%ctlqn,J316oti Gas’ collected ‘into a ’ I ‘*!wa& “$vo=,m2ih TM. .“.& 2 ,.,““-i <A.,. , j ( 
glass tube wit~ol~~~~,~~.~~~=~t~~~~~ tube, Bccton 
Dickinson) for serum lipids and inflammarery indices 
determipatiq,n. All zgay~tes were collrcted without - I : ~.*, 1: : 
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occiusion. fhe vacutqiner tubes WFKC kept on ice and PA /<” **:“i,-,, <,&, I i ” 
were then centrif<$i at 3OOg rpm for lO’-mih “f ,d .,“c, I 
within 2 h from blgod collection. Serum s$mples were 
gdred a~ -80 ‘T i$‘fi;;r;h& &aly&‘ 

P&ma total choJe~$& ~trI,$ycerides. and high 
density lipoprotein (HDL) cholesterol lcir+ls’ti$re deter- 
mined using enzymatic calorimetric gSsayS on &‘ACX 
analvzer lSciaDDar&i Bic&ysrem?i Inc., USA). TOGI 
&o&eroi anh’ triglyc&d& detcrminaiion. included 
reacijons of‘)lyd&&ion and oxi&at’idn.* &I&&~ of 

serum HFL cholesterol concentrations was carried (Jut - ;P”.. .I .‘, .,,+ .~$44.% _. >, 
by ‘a liqtiid $able reagent-lmmun&&i’bidon method. ” r --..-, j(l “, - ““II-u,w--.I j 
Low density lipoprotein (LDL) cholesterol wx $~cu; 
laled’by the Friedem equation [lS]. 

CRP was assayed by high sensitivity parricle-en- 
hanced immunonephelometry (N Latex, Da&Bghring .,, 
Marburg GmbM, Marburg, Germany) wifh a range 
from 0.173 to Il$I q/I. SAA. wq :qlso measured * .-- ----&“a. ..,e~~~.*,, by 
particle-enhanced inyqnmmphclom’etry (N Latex, 
Date-Behring Marburg G&bH) with a r&&e from and 
0.75 to 1000 mg/l. IG6 was assayed ‘by‘ enzyme linked 
immuno&ay @‘~& D Systems Europe Ltd, Abingd”ofi, 
&i Gi;h a range from Q.!J$, to ?O pg./ml. The Xra- 
assay and inter-assay coefficient of variation for CRP - ax ,, q$e** , -I* 3Il.J * * -, I ,*,*~?,lr ,, 1 .I “-r 
‘atid SAA was c 5% and ,fdi IL-6 c 12%. AI1 samples 

?je?e- ajsayed by:a sin@ operator bli,d~~‘ljst~~‘~~i~g b.“., A) ._ 
of sampling and .-type of. d&aq intervention. ,,The _._, 
me=ur~enls WZE performed at %e ,F)+qjtry 
Laboratory of GeneralHospital of NikEa. 
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The data on CR?, SAA and K-6 which were not,, 
normally distributed were expressed as qq&tnp. Tgiffeq- 
enccs of inflammatory markers within a+ between ,.‘ 1_- 
groups were analysed by Wilcoxon sigjred rank test” 
and Mann-Whitney U-test. Differences for the normally LI _I(_ -“” A,,? ,*.~_ 
distributd va+zblg were analysed with rhe Stuclent I- 
test. Pearson’s corrclati&- &eKbien& were ‘used’ to -_, _j I. ,.,“, ,.~ sus-.. II I ,e -“5., .:,* ‘“@” *r*__i #+*,ir, 
a.s+es$ re]ationships betwe! +&l~~. Dlsccrntlnuous 
variables ~5 rested by a contingency $-~~~~‘~~~~&e~ .,- 
co.05 was considered significant. The’Srat Viewry II “<“._ 

statistical package was used. 

183 3. Results 
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3.1. Bqeline characterisrics _,, ,,. .--.*;i,_.r “.. ,- ‘:, ,uI*( ,. ., I .,_., ” _._. 

A total number of 7(isubjects completed the study. 
ALA and LA group were matched for age (SO.4 & 7.3 vs. 
52 & 7.7, P = 0.33) and body mass index (28.42 2 3.44 vs. 
28 k3.19. Ip = 0.63). The p&centage’oEiight imbkers ( < 
10 cigarettes per day) was sirnil& in the‘ iw6 gfou$s (24 
vs. 23X, P = 0.85). None of the participating subjects 
changed his smoking habits during the interventipn 

Lipid profile and inQw,atory markers at baseline in 
did ijlo ‘@&i@‘are shown in Table 3.” .,,, 
3.2. Scrunl li>ids and injnmmatory markets after dietary 

/“,1 

Regarding plasma lipid levels, in ALA group choles- 
terol levels rem+ned unaltrzed whereas in LA group they were decreased (g ~ o:d4j""~~~~~:.:~j.~~~ ~~; other 

hand, in ALA group, HDL chol+er$ ieve& were 
decreased (P=O.O05):’ . -. j 

CRP, SA-A and ‘IL-6 levels showed ..“$ statistic$ly ri~ificant -d;;c~;-& gffgr’ -a;r;ir;j”-t&i;b&bp~A (TV- 
ble 3), The median decrev.-dy@--;-.j@x; G{sx. 

. I ,2 ,, ,, / 
23. I % an$ of IL-6 10.5%. Inflammatory zi&s did iiot 
show 

..c;‘“.:‘“. ‘..*:7,.*yy-e,< ‘~x~;*,~i~/l~u~~~~,.~ .,a* 
I -.‘.d _” .“..,> any starlstlcal d$rcn$e after the ‘idministration _ is,a1,’ ~,,,““’ ,<,, 1-L- 

of diet I+$ ~n~“~~‘fl~~~~ 3): fn &$tipn; we kompaiid 
changes (A = levels prior-levels aft& intervention) in 
CRP,” SAA akd IL-6 ,in. ALA group with changes in ‘3 ‘“eg”; s$.&*l%& K:;Q”iti Lt;p;;“~6ti5i; “,AcRP, AsAA a*d 

AIL-6, in :ti$.&A group differed significantly rrom 
correspondlfig &an%& in the LA group (0.525 (-0.13- 
2.46j VS. 0.04 (-0.41~0.q P=O.OI, 0.75 (-4.03491) 
,vs. 0.04 (-0.6-O.SP), P =0.03 and 0.19 (-0.04-1.46) 

,_ ys. ,OJJ$a(- l-OS--0.48), P = 0.04. respectively). 
l’h& reduc&$‘bf innanititoj markers in the ALA “) :;‘Z li:x’ I pj ?, ::: ._ 

gri$i %%%$;dent of flpld chariges since there was 
no significant coiretatic$ &iW&zti, changes in inflamma- 
tory markers with those in lipids (Table 4). Changes in 
.one infi~~$~~~~~ marker in the,, ALA group were 
correlated ngn-nlficantly with changes of each other ““~;~~~~~~~~~~~er (Acdp vs, ..‘AsAA, r = o. 62, p Le: 

*, ~.&?@y@yP +.* &&, r 
= 0.53, P = 0.0001 and &SAA 

, vs. 4146; r= 0.62, PG*I?:bOI). ^ * ’ ‘. ,” 

4. Discussion 

Our study indicates that $yslipidaemic patients de- 
monstrate a significant reduction in inflammatory 

” . indi&s when supplied wirh ALA. but not wi& &x &et 
for 3 months, 

We did not use ex&tly the sdme amounts of ALA and 
LA supplements in the ALA and LA groups, respcci -. 1. I x ._ 
lively. ‘Thii occtir?ed because we, .yere aiming to lower 
the n-6:n-3 ratio, a~ physiologically realistic levels. Our 
target *as to decre?se” t& n-6:n;3.,r?tio~,,i? ,$ ALA 
groupand to increase the n-6:n-3 ratio m the LA $o$. 

19s 
‘I 99 
200 
301 

202 
203 

I 

104 
30.5 
206 
207 
20s ’ _ 
209 
210 
211 
212 
213 
2<4 
215 
216 
217 
28 
219 
220 
221 
222 
223 
724 
22s 
226 
227 
228 
229 
230 
231 

232 

133 
234 
23s 
236 
237 , _s 
23% 
239 
240 
241 

242 ’ 



243 

,--0 

244 
245 
246 
2a7 
245 
249 
2sn 
251 
252 
253 
254 
2% 
256 
257 
25s 
259 
260 
261 
262 
263 
264 
265 
266 
267 
‘68 
269 

0 

270 
271 
272 
273 
274 

Therefore, witl! thk ambunts of ALA and LA that we 7., ,VII .^. ,, 
chose we ~q$i$,%d a $6:$? r$io iri ‘the % ,A &tip bf 

{l,?]. Inflammatdrj; markers are fou&j .,#vate$ .in, ” I .i . 

..l..Bj- ggp 13&l is $e L.A groud.-‘id’ zd%ion, th& 
patients w$h.chromc stable .angina and acute caronar), 

. a_,, syndromes @$J-” $t& prognostic vz&e for g+scquenc 
dietary supplemenlations tear we used providd’ Ed ‘- ~ sdi5i6~~~‘~*ctnts has also”b%n rep&ted [Z-27]. 
similar intake of calories from fat in bot)r groups. This ,-s ,, . ‘ _I,. .,!. -*‘. s.\ 
is important since ‘d’i~~~~~ in total fat @J&e $a?~ 

In out study CRXP, SAA and IL-6 $howed,a significant 
modulate the tnn~~?~,~~~ responsed?~~j,~” ’ ” . tiduction after the 3-mqnth dietary &&vention with ,~ ’ “‘” “i’lil”‘ ~‘~~ ‘” ““‘L1. ALA* *; -&y&“~~;&g&~~i isg~frisi study tO report 

,,II 
The prorective effect OF foods rich in ALA hi, be@ these findings. 7he reduction was observed indepen- _ “I, ,, 

reported both in primary and secondary prevention of 
, 1 _ 
den&’ &t lipid changes. The exact mctihanism of 

coronary artery disease. Aschqig et’al. [73 found an L I. suppression of infiarj@+tljry rn&rkers is unknown. 
inverse asssciatio?*between intake of ALA and risk of Caughey et al. P-81 reported that diet enriched in. JtJ+fi corona;j; *--‘& ‘;i~e~~:‘~~‘.~~~;~~~~~~~~~~~~~~~~~~,,.!r,, _* _, ; i.. “i’ 1- j. __ ,,_ ___ _, _ . .” ,,X” ._ 

dictag intake of ALA wq ,c+hi+d ~~~,ielatidn to ihe 
mhlbrted the productlon o’f tumor necrosis &tor;%&d ._ 

risk of f&xl ischaemic heart disease amonk $&&$%%s ^. 
rrClp in healthy volunfeers. More data exist from &&IS 

..x\I,*~A*,“d_y.&. 

/_.; . .- ;, ‘~ __ 
Lyon Diet Hcan Study when a Me&&r&an ALA: rich 
diet was given in survivors of t,he first myocariial 
infarction there was significant reduqion of reqrrqqc _ _“_,,. 
of =dh events a;nd ospl!@?ga#tY iPI. 

Sevgal mechanisms have beep proposed to explain ,..<. ,.“/,. the protective cFfe~ ~~~,.~~~ “pi 7.1 tl: big’ siiid~~~ hail 

shown., that, aqejnfusion of ALA cXti“‘j&c\i’eiit ischa& *# r ,I -. 
an la-induced vcntri@u tibbhllatio’i ff640]. &ficr bcn- -_.. ,._, :._ _._ .,.-., / ,, 
cficial effeq .in&de ?! _- unprov&z$nr in arterial 
cbmpliance [2 I], m&&t .blgod pressure ‘reduc$on 1221 
and at$ipIatelet effect 1231. FinalIy an anti-jnflamrriatory 
effect has btcn proposed [24] which is supported by the 
results of our study. 

Aiherosclerg?is is consider@ 3 chronic disorder I( - . . ._- 
characterized by low-grade va.scula~ -intJam$x$iiin 

6 we&s sGp$sied IL-2 prod&on from peripheral 
m&&&%~. c6llj -I%]. Kiemer et al. 13 I] reported R 
reductidn’ in maciophage &I and ncutrophil leuko- -, :-w ; i -” w-Qa>;$# _ r. _ I ,* , ,_ .,,_ .I _ 
triene B4 production wh”en .dl,@xy fish. oil was provided 
in patients with active rh~umatp@ ar$~Gi~z !,n.,?rz;h~~ 
&tidy (321, dietary supplementation wrth fish oil in 
h<&hy volunteers suppr&ed the capacity of mono- 
nuclear cells to synthesize IL-lb, IL-lo: and tumor 
~e~tt+~f~czo&c in vitro. ~ *j.?.*/ ,.‘p‘+ ).“,. _; . -, 

A possible mechanism for t+e,dec&a&$du&ibn of _(_i I__),_ 
these cytokines is the alteratiqp in,,rhe’,type of aiachi- 
donic acid n:etabolites. n-3 PUFAs i;duce changes in bo* cycloxygen~~se: a& ,i;;o~~s~~cl, as 

reductipn in production ofprostaglandin I& and leuko- , ^. 
trkne B,, [$‘Both $?etaS’ot/tes enhancerhe reIea,5e af.IL- 
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A LA grwp I’i = 50) 
Total chalwtcrol (md 
dl) 
TriglycWides (mddl’) 
HDL cholesti~ol (4 
dl) 
LDL choleswol (nag/ 
db 
CRP (men, 

SAA (mgll) 
IL-6 (p&l) 

BMI (kgh’) 
LA *rovp (?I = 331 
Total cholaterol (I@ 
db 
Triglycerides (mgdl) 
HDL chokkrol (mk/ 
d0 
LDL choleswol (mg/ 
N 
CR P (mdl) 

SAA (mg/l) ’ 

IL.6 (p&ml) 

3.7) 
3.24 t2.%3?lT)1.7-3.9) 
2.18 (1.39T7 (1.3-2-S) 
3.9) 
29.62 23.44 28.4Oojr3.44 

0.27 

0.16 
0.005 

0.59 

0 0008 

0.0001’ 
0.01 

0.25 

234 546’ 218# 

173*313* l56i86 
39.2f7.4. 38.3fg 

‘( a, 
my43c3’ 149f‘lf 

I.54 (01625 (cm- I .7) 
3.1) 
3.52 (231% (2.15-4.4) 
4.9y 
I.77 (1.32.2 (1.1-2.7) 
2.7). 
28 53.19’ 28k3.22 

0.04 

0.13 
0.25 

a.36 

0.35 

0.58 

0.69 

0.8 

Supplemntation With LA +ecre~se$ significantly 
total chol$teroJ levels. This finding is well document+ 
and iq known to be hue rd ah &&%.siscd synthesis of LDL reccptois. ~~~e;r,,ifu~~i~~~~~~~~~ ;viig~I*cA did non 

change total cholest&rol lev.els hut It decreased HDL 
cholesterol levels. Othq >t@es also, suggest lhat there i‘i 
no hypolipidaemic effect of A&&. In part’icuhr, in the 
MARGARIN Study, which rec&ted subjects with 
multiple cardiovsscnlar risk factors, HDL cholesterol 
levels yr++ &er in the ALA group tbnn in the LA .,,L ). ,I_. ~_, _- 
group [lo]. This comes $.accordance with another swdy - “., ~.jl” e_ “tp .l “&: ,““*%..l, 
wbi& shbwed :rb~+t.~~~flqxs~ed oil/low fat diet providing 

” 
(I i 1”. .-*.:-*, -., “‘*w.*.&*y “fi 

20 g of ALA claily for 1 month, resulted m the lo-west 
HDL cholesterol levels..iq comparison with the control 
diet (rich in saturated ,fatty acids) and a diet supple- 
mented with cjnola o11 (rich in oleic acid) [?l]. However, 
in another study, ihc effects of an, +&A-rich diet on 
LDL ad HDL cholesterol, levels did not differ’&& the &&&$ ofg.‘tA-ri&$- pgt, in nomo(i~id~&~c ;ne;p Iql 

Valuer of inflammat.nry markers arc upd ai mediaa and 25tt 
and 75th ptcentile. CKP. Cte&va ptolcin: HDL, bigh de&y,, 

proper&Z AJI,Ai ““a<‘%“ti ‘the improvement of lipid 
lipopm~ein; K-6. irkrlcukin-6; LDL, low densiry%~prokin; SAA. I. profile is. conceme~. is not q3n~lusi~:. 
serum amyloid A. Few limimtions of this stu$y have to be addressed.‘ 

l P = NS (lipid. infkunmaloly m&em and &fl or IA SOUP VS. First, we did not-apply a cross-over design which is 
correponbing lcvcis of lipid intldmtitory mhkess and BMI of ALA ’ inherently much stronger than a parallel interventional 
p;rOUP). ’ ‘, study. We did it because a cross-over design has the 

s_ problem of qq-ryover eff&t ‘as the wash-out period 
Table 4 cannorbe specified in lipid interventior# iGal+. Com$, 
Corrcladcn bepwn than* in inflammatory mdwr3 and $oSe in ing an intermediate wash-out period of at least 2 
lipids in 50 subjects with di+ry supplemcnmlion Wilh ALA 
. . ,c _ .._ I ,‘. 

r 
p “&;, ‘(‘. 

months.‘rhe”io~~l ‘siu:dy period should be prolonged LO 
8 months. ihis de&n could raise compliance problems, 

rj in vitro [333. Coiiversely, a decease in these eiCOSa- 
noids could ezplain the reduction of I&-f& &$j .a 
pleiotropic cytokine [34]. which controls CRP and SAA .*. ‘. _” ‘; “~, 
hepa& production [X.36]. Therefore, it is plausible to 
spccul,ate rhat dietary supplemenmtion with “ALA ps- 
marily suppresses II-4 release which secondary sup - j. ., -.,,.:lw,r~..iri,b..~ 2 ,.._ .,,+. _ * , ” 
presses CRP and SAA production. The athewenlc 
potential of the, inilanimatory m%kers,“.such as CRP 
~371. ‘favo& our hy$ot&s<s’tha’t the icnti-inflammatory *--y ,( *“l,‘e,, +~,~~~~,:,,4~.-.. ‘-‘, ̂ , 
effect of ALA may’reflect a beneficra1 antt-a$crogenlc 
action. 

^^____ 
ACRP vs. A&iOSlesOl 

’ >AY?,,,,.& .a+‘- ,4wa... _ cam “. ,.% ,, *“I‘< ,,,, ,,#( h.~i~‘“~%;’ taking into consideration that compliance in Greck~ o 6s 
a.“?. S,\“., , 

Alriglyceridcs 
2&Iiy .^” /- @@ _I _. ,” . populat&s is relatively low. Second, the doses of n-3 

&.DL cho?estc~-pJ 0.015 0.92 and n-6 char we provided by the supplements in our 
AHDL chplesrerol ‘-(jj$$3 * * -$g”,’ ) **l-cl’ ‘s study are difficult LO be achiexed, by the usual dietary 

ASAA YE. Aci$aleru~ -0.068 &6-i “’ 
intake. However, products like spreads fortified \kith the 

&riglyc&idca -b.I’g 0.21 ‘. ‘ 1” appropriate fatty acids can be produced by relevant 
ALDL khhale$ler$ 0.014 0.93 industries. The+ spreads can substitute other sources of -.“” 
AHDL cho&srerol~ ?*O? -t-i3 

.,” 
I, ,Y., . . . _, ,. fat in ‘the diet of lypedipidaemic patients. 

AC6 vs. Achol&roI 
Lij.y)~“” “ uo‘:o6 _ . , , f;; ‘:gx~%.$~~;““diiwj‘ stipplementation with ALA 

blriglyccridcs -b.Sb 0.37 decreasei inflammarory .markers” in dyslipidaemic pa- 
ALDI, cholcskrol -6.16 0.27 
AHDL cholcslerol -O.Ik 0:3 I 

tients. Tl$s anti-inflammatory effect may provide 8 
possible mec~a~~~~‘~~~:~~~~~~dn;eficial eff& of ALA in 

.-._ _ .s.I:. i/ “.-I .t;: i. ..z. l,;;“. LI 
A v&es are valua al baseline-dues aflei ,~hary mlcmnlron. 

;l “~rim~iy and secondary preve;;;;;, bw;;-ii-“‘.g&;g 

Abbrcvia;iOnS 3% in Table 3. , . ,, ._ 3 disease. The attractiveness of $$ ,$$!umption is en- , 
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Impact of vva!nut coq~u~ption 6~ body conipbsitiw! 
&jda Co&p-Machpyre, Setaqh Tg#d~, shiva Metgh_alchi,’ B‘onnie Bums-Witmore, stoyan 
~ov, Jo&‘$biz:’ School of pi&he I$alth‘,. $rition I%$, Loma Linda U. Loma &i$a, CA _‘I* ‘I I ..,.. “- ,,,_ *_‘.&__, , -. ,.)‘ ̂ X , ..i 
Nuts are considered fartening by many people. Therefore, fhe aim of present study is to 
detem$ne~fl~e long-&n-~ eff&$ ofwahiut”eon&jmption on Weight a3’$ body COmpOSitiOn. &Ety “_ .b . ..**. ,,.c q_,+j_.,,.n ‘?* 
one subjects (5 1 women, 40 men) with mean age 54.3 + 10.6 (SD), mean weight 75.9 + 14.3 kg 
and mean BMI 28.4 + 3.4*,k#m ’ were randomly assigned to control and treatment groups. The 
treatment group re&&~ 12% ofthetotal energy as walnuts (28-56 g/d) for six months. No ,..a, .vrll, 
additiorql di&ry advice was given to either group. The changes in body composition were 
analyzed by bio-impedance analysis (Tahita.@ TBF-8OOA). Body weight, BMI, percent fat and 
fat free mass’wa:e rnqsured at~months 0,2,4 <d ‘6.~~~eated-Mkasures,Anaiysis of Variance j * -.*,, ^ “-‘-a”4*‘“-“$e~~ ;y _i ; _ ___” 
was conducted to e&$&e changes m body composition over’time, The results for ANOVA 3 “, 3. ,_> .*,” “*-,*- 
indicated no significant diet-by&tie interac$$~ffect for body cornposit& &eighi W%%’ ” < : i”la:i’ 
Lambda = O,%, p--0.18; BMIWi&$ Lambda= 0.93, p r=: 0.09; percenif<t W ilks’ Lambda = 0.92, 
p=O.OSZ; fat &ee mass Wilks’ L+&da = 0.96, p=O.34). In conclusion, we did not observe a i, __*-._ 
si@icant chqrge (decrease/increase) in we&t and body composition between two groups. 
Support: California Walnut Commission ..^,. ,* ‘li \-a.~ r ̂ & ” ., I 2 _*. --., /_ *I/SC,> a,_ s -1 )C..^ .I* * ,.*. _,_,. _“_ _I’ _J, 
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A DIET ENRICHED WITH W&NUTS IMPRQVES P@TPf$ANDIAL ENDOTHELIAL 
DYSFUNCTlON IN MEN AND 
HYPERCHOLESTEROLEMIA 

*OMEN 
, I’_; . . 

.fit;f __,__ &yCj’ENic 
l/i__*** ;_ i _. ~ .,. ,. ,-*, I __ ,_ 

A Perez-Heras, M Serra, I Niriiez, R Gilabert, R Deulofeu, 0 iambiin, E Ros. L ..,, 
Lipid Clinic, Hospital Clinico, University of Barcelona, Barcelona, Spain. 
Objective. Regular nut intake appears to lower coronary heart disease risk by 
approximately 50% in epidemidlogical studies, an extent tliat’is cnly partly explained by 
the cholesterol-lowering ef&ct-(i 10%) observed in feeding studies. We assessed the ,.., .1....- “/ 

-e&its of a diet enriched with walnuts on efidotheiiai function’and serum -lipids in men /, -, ‘,S, ,-,, -,‘...* i”.‘.‘ ;” -*, 
and women with potygenic hyperchofesterore~~~~~~~~’ 
Metho~ps. In.a,;afidomized crossover study,’ 10 men and 10 women with HC consumed : .&‘,-..*-*,.~ _* I” ._ 
during 4 weeks a hea#$~Med!~enanean-type duet and .a ‘diei’oisimilai energy dnd fat 
content inwbich walnutsreplaoed =+ 35% of theenergy from montiunsaturated fat. In the 
last week of each dietary period, endothelial function was evalu+$ in the.brachi$ artery 
by ultrasound 4 h after a test meal containing olive oil or walnuts. Serum lipoprotens, LDL 
resistance., to an, in, .v&ro o&$&e ,stre~~,..oxidized LDL, vitamin E, homocystein, folic 
acid, and soluble cetlular adhesion and inflammation_n,@ecules were also measured. “ “ .r* “I’ -r-e ,i.W~ 4”;’ *.<.e. ,, ?~sr,><~~~“,~ * ‘ **; .-~.-_I- Results. In comparison wiii;-..~s-~~~~~~~~~~~~~~~~~~-~,~~i~ut diet ,mpro”ed flow- ” 

mediated dilatation in the brachial artery from 3.2% to 5.8% (P&0.043); reduced the 
serum VCAM level by 27 (95% Cl, 5 to 50, ) percent, P=O.O45, and produced mean 
changes in total cholesterol and LDL chotesterol of -4.4% and :6.9 %, respectively. The 
mean differences (95% Cl) in the changes in serum lipids betw&n the two diets were: 
total cholesterol, -11 S (-20.7 to - 2.3) mgldL, P=O.Ol?, and LDL cholesterol, -12.8 (- 
21.7 to -3.9) mg/dL, P=O.O07. Lipid changes were .similar in men and women. The 
resistance of LDL to oxidation and the serum levels, of,~o$iied LDL, ‘vi’timin E, 
homocystein, ‘folid acid, ICAM, and C-r&&e ‘@otgn “were similar with the two dietary 
treatments. 
Conclusions. Substitutifig walnuts for part of the monounsatur&$fat in 3 chola~terol~, 
lowering Mediterranean diet improves endbthelial funct&n”in &e.n,,and,~women with 
hypercholestemlemja. The, ~~~~~~~a’:v-as~~!~~.effect of walnuts may help ‘explain the I “.<,‘1 :’ ‘,j” -::.,;:‘-::~~.:,~,‘:‘~~.:. ,, 
cardioprotective effect of habrtual nut consumption beyond cholesterol-lowering ,I .I 

.’ 
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