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Palm oil versus hydrogenated soybean oil: effects on
serum lipids and plasma haemostatic variables.
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The purpose of this study was to test if replacenoérirans fatty acids by palmitic acid in an expantal
margarine results in unfavourable effects on selipids and haemostatic factors. We have compared th
effects of three different margarines, one basedpalm oil (PALM-margarine), one based on partially
hydrogenated soybean oil (TRANS- margarine) and witle a high content of polyunsaturated fatty acids
(PUFA-margarine), on serum lipids in 27 young womémn nine of the participants fasting levels araril
postprandial levels of haemostatic variables on 3hdiets were compared. The sum of 12:0, 14:0, 16:0
provided 11% of energy (E%) in the PALM diet, tlzere as the sum of 12:0, 14:0, 16:0 and trans &aitys in
the TRANS-diet. Oleic acid provided 10-11E% inthliee diets, while PUFA provided 5.7, 5.5 and 1892,
respectively. Total fat provided 30-31% and trst teargarines 26% of total energy in all threedidEach of
the diets was consumed for 17 days in a crossoesig. There were no significant differences iraltot
cholesterol, LDL-cholesterol and apoB between the NRAand the PALM-diet. HDL-cholesterol and apoA-I
were significantly higher on the PALM-diet comparnedthe TRANS-diet while the ratio of LDL- to HDL-
cholesterol was lower, although not significant £ 0.077) on the PALM-diet. Total cholesterol, LDL-
cholesterol and apoB were significantly lower on ®idFA-diet compared to the two other diets. HDL-
cholesterol was not different on the PALM- and BigFA-diet while it was significantly lower on thdRRNS-
diet compared to the PUFA-diet. Triglycerides apda) were not different among the three diets. d@iuenal
postprandial state level of tissue plasminogenvattdr (t-PA) activity was significantly decreased the
TRANS-diet compared to the PALM-diet. t-PA activityas also decreased on the PUFA-diet compared to
PALM-diet although not significantlyR=0.07). There were no significant differences éitimer fasting levels
or in circadian variation of t-PA antigen, PAI-1ltiaity, PAI-1 antigen, factor VIl coagulant actiyitor
fibrinogen between the three diets. Our resultgssgthat dietary palm oil may have a more favderaffect

on the fibrinolytic system compared to partiallydhggenated soybean oil. We conclude that from &timuntal
point of view, palmitic acid from palm oil may bereasonable alternative to trans fatty acids frartiglly
hydrogenated soybean oil in margarine if the ainoiavoid trans fatty acids. A palm oil based raairege is,
however, less favourable than one based on a notyansaturated vegetable oil.

Key Words: coronary heart disease, transfatty acids, palm oil, hydrogenated soybean ail, fibrinolysis, serum
cholesterol, serum lipids, plasma haemostatic variables, palmitic acid

Introduction and oleic acid exert similar effects on serum cétel®| and
Trans fatty acids have unfavourable effects on sdipids lipoprotein profiles in normocholesterolemic merdavo-
and thus on the risk of coronary heart diseaBeplace- men> Marzuki et al., found no significant difference in
ment of trans fatty acids by less atherogenic fattigls in effect on total-, LDL- and HDL-cholesterol when pabil
margarine and other food products is thereforerdels. was compared to soybean %il.Choudhuryet al, suggest
Palm oil consists of about 50% saturated and 50%&tun that 16:0 is not always a cholesterol increasirity facid.
rated fatty acids and has a content of 45-50% piglacid They found no significant differences between paleiro
and about 10% linoleic acfd From the literature it appearsand olive oil’

that the effects of palmitic acid and palm oil dadd lipids

are controversial. Hegsted al.,reported that palmitic acid

was cholesterol increasing, but less so than niyrastid? - .
g my Correspondence address: Dr. Jan |. Pedersen, Institute of Basic

Nestel et al., found no .d'lfferelnce in total- ai\.nd LDL- Medical Sciences, Department of Nutrition, Univrsif Oslo,
cholesterol when an elaidic acid (18:1trans) rigdt &as p 0.Box 1046 Blindern, N-0316 Oslo, Norway.

compared to one rich in palmitic acidNg et al, found a Tel: +47 22 85 13 58; Fax +47 22 85 15 41
palm oil diet not to be hypercholesterolemic in Malian E-mail: j.i.pedersen@basalmed.uio.no
volunteer, and in a later study found that dietary palmitiéccepted 38 June 2005
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On the other hand, Temmae al., found a significant The protocol and the objective of the studyewvex-
rise in total serum cholesterol with a diet richpalmitic  plained to the participants in detail and they gawve
acid compared to one rich in oleic afidOne study in formed consent before entry into the study. Thelystu
primates also indicated that palmitic acid increasgal protocol was approved by the Regional Committee for
cholesterof. In a comparison between the effects of elai-Ethics in Biomedical Research of Norway.
dic acid (18:1trans) and palmitic acid Sundramal.,
found the first one to be far more cholesterol éasing  Study design
than the lattet’ The study ran during periods of 17 days. Studieshav

In two previously published studies we havmpared demonstrated new stable levels of serum lipids lgd
the effects of three test margarines on serum tiglejns  proteins within 14 days on a controlled di&t® Each
and some haemostatic variabté¥ One margarine had person received the three diets in a sequencentiats
a high content of partially hydrogenated soybeah oiby assignment to one of six possible sequenceseat
(PHSO) (TRANS-margarine), one of similar hardnessby a Latin-square design. The participants wereshedl-
consisted of 80% palm oil (PALM-margarine), and onetaneously and all three diets were fed in the theréds.
was high in polyunsaturated fatty acids (PUFA-In this way, variation due to residual effects loé tpre-
margarine). The aim of the studies was to testthdreor  vious diet or to drift of variables over time coudd mini-
not palmitic acid can replace trans fatty acidsmiar- mized. After the end of the test period, the paréints
garine without having unfavorable effects on bldipdls  crossed over to the next diet with a wash-out peab
and haemostatic factors and how a palm oil based maone week. Body weight was monitored twice a week.

garine compared nutritionally to one high in PUFA. BMI was calculated as weight (kg)/height fmDietary
compliance was checked daily by interview and dari

Materials and methods On the seventeenth day all meals were eateierun

Participants and their baseline characteristics supervision at the University College. The subgrodp

Thirty young female home economics students were resine students participating in the postprandiatigtwas
cruited in a strictly controlled dietary study. |Adarti-  served breakfast, lunch, dinner and evening mea8@®,
cipants were in good health with no history of di@s, 1100, 1430 and 1900, respectively. Blood samplesw
anaemia, renal, hepatic or gastrointestinal distacbs, taken one and a half hour after each meal and e
hypertension or intolerance and all had normalagyet night fasting.
habits (checked by a detailed food frequency qomesti
naire). None were taking any medication knownffech = Test margarines
serum lipids except for oral contraceptives. Wd ha  We wanted to test a hard virtuallsans free margarine
screening criteria with regard to smoking habitge,a containing palm oil (PALM-margarine) with a hard mar
physical activity or body weight. All participantgere  garine containing a high amounttodns fatty acids from
requested to maintain their regular lifestyles asgpe- partially hydrogenated soybean oil (PHSO)RANS
cially their usual extent of physical activitiesdhghout margarine). The margarines were formulated to ensur
the study. They were not allowed to drink alcohalisg  that the sum of 12:0, 14:0 and 16:0 in the PALM mar-
the study period. garine was equal to that of the same fatty acidstphns
Two persons withdrew during the study and paei- fatty acids in the TRANS margarine. The PALM-
cipant had not fasted before blood sampling and thimargarine was produced from 80% palm oil, 11% soy-
person also had problems with compliance and was exdean oil and 9% rapeseed oil and thens margarine
cluded from the study. Thus, data from 27 subjedtis  from 56% partially hydrogenated soybean oil, 34% re
a mean age of 27 years (SD 5.8, range 19-42) wexe e fined rapeseed oil and 10% refined soybean oilthiAd
luated for effects on fasting serum lipid and hastatic = margarine was a commercial soft high polyunsatdrate
factors. Seven of the women were taking oral centramargarine consisting of sunflower oil, rapeseed coi
ceptives and ten were smokers. The average wefght oonut oil, and palm oil (PUFA-margarine). Becaobés
the participants was 77.5kg (SD 13 kg) ranging f&8m  high content of sunflower oil this margarine contal
to 100 kg and the body mass index ranged from ZB6to more vitamin E than the two others (205 mg/kg vs. 81
kg/m2 (mean 26.5 kg/mSD 4.1). Four persons had a and 100 in the PALM- and theansmargarine, respe-
body mass index (BMI) above 30. ctively). The margarines were produced by the aoiditif
Among the 27 subjects ten entered the studyosf- water, vitamin A, vitamin D, NaCl, aroma (diacetyl
prandial diurnal variation of haemostatic variabl®one 0.002%), beta-carotene as colour and emulsifieyban
of these participants except for one person whd asal lecithin 0.3%). The PALM-margarine contained 16%
contraceptives were taking any medication known towvater, the TRANSmargarine 15.7% and the PUFA-
affect haemostatic variables. One person had @mumbl margarine 18% water. The fatty acid compositiorhef
with compliance and was excluded. Thus, data fngm  test margarines and the diets is given under Result
participants were evaluated. The mean age of thiese
was 26 years (SD 6.0 range 19-37) and the averadexperimental test diets
weight was 73.1 kg (SD 12.3 kg, range 56.4- 93&m The three diets were based on a 7-day menu andoakre
the mean BMI was 25.1 kgfm(SD 4.3 range 20.9 - 32.8 culated by using a computer based, nutrient-caionla
kg/n?. Three were smokers. All participants were withinprogram. They were designed to have the same nutrie
85-120% of desirable BMI<(25 kg/nf) except for one composition except for the fatty acids and for tbeo-
person (BMI=32.8 kg/R). pherol content. The fat from the background diet was
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calculated to supply a minimal amount of 6% of gger
(E%) while the test fat was planned to amount td&E2&
The menu for the three experimental diets contathed
same basic food items and differed only in the c®wf
test margarine used for spreading, baking and ogoki
The test fats were also incorporated into the menus
several foods including bread, buns, porridge andtes
for dinner. Dinner was prepared and served unaeers
vision at the college from Monday through Fridagll
meals were prepared at school. Supper and bredkfas
the next day were sent home.

sample was taken at 0730. All venepunctures were p
formed in the supine position after at least 15 ut@n
rest. Blood sampling and treatment and methodshier
determination of PAI-1 activity, PAI-1 antigen (&dAl-

1 as well as in complex with t-PA), t-PA activititPA
antigen (free t-PA as well as in complex with PAJ-1
fibrinogen, coagulation FVII and FVII activity were
according to published procedures and with the afse
commercial kits (for detailed description see 12f.1The
coefficients of variation were 8.0% for t-PA actwiand

Each Friday weeken8.4% for t-PA antigen, 4.5% for PAI-1 activity, 968for

meals were packaged for home consumption. PerishabPAI-1 antigen, 4.8% for fibrinogen and 2.1% for FVI

foods were sent in frozen condition. During thetoolied
feeding periods no foods other than those in thaume
were allowed. If the participants lost weight thegre
allowed to eat buns with the same fat and energy-co
position as the rest of the diet. Coffee, tea, amderal
water with artificial sweeteners were allowed duitdim.
Initial daily caloric intake for each individual wacal-
culated from estimates of energy requirements based
weight and height®  All foodstuffs were weighed for
each individual subject. The subjects were supphétl

activity. All blood analyses were performed at (D
nical Chemistry Department and the Clinical Redearc
Unit, Ullevaal University Hospital, Oslo.

Statistical methods

Data on fasting variables were analyzed by repeated
measures analysis of variance (ANOVA) for a crossov
trial. When the analysis indicated a significaffée of a

diet (P<0.05), the Bonferroni method was used for a
pairwise comparison between the three diet groups.

free food to meet 100% of their mean daily energyP values < 0.05 were considered significant. Allalues

requirements. The participants were unaware of yhe t
of fat consumed during the three different diefagyiods.

Chemical analysis
Duplicate portions corresponding to a daily enarggke

are two-tailed. Plasma Lp (a) had a skewed distabu
and was log transformed before pairwise comparisons
were performed. The diurnal levels data were amaly
by repeated measures analysis of variance forssaver
trial. The comparisons between the sets of obsenati

of 8.5 MJ were taken of the three diets. After hemo were based on within subject differences. The ramolf
genization and freeze-drying the homogenates corrgparticipants was limited and logarithmic transfotioa

sponding to 7 consecutive days were pooled intopame
tion and kept frozen at -2G until analyzed. The content
of nitrogen, total fat, cholesterol and metabolleagner-
gy of the diets were determined as described pusiyio’
The fatty acids of the respective fat extracts weop-
verted to methyl esters by the BF3 method and aedly
by gas chromatography as described in an earidy 5t

Blood sampling and analyses

Blood samples were taken after an overnight f&tan-
dard enzymatic methods were used to analyze senom c
lesterol, HDL-cholesterol (after precipitation ditLDL-
fraction with dextran sulfate and magnesium) andiree

was performed on the individual values of skewed
variables before statistical computations and ficance
testing. The statistical package SPSS 8.0 (SPSS Inc
Chicago, IL) was used for the data analysis.

Results

Dietary compliance

All the 27 participants complied well and only vesyall
deviations from the diet were noted. The fastinglybo
weights were significantly reduce® 0.01) during the
first two periods (mean loss 1.9 and 0.47 kg, re-
spectively). The weight loss was almost entiragfted

to the four participants with BMI >30 that lost Ween

triglycerides'®!® using automated analyzer equipmentl.7 and 7kg during the study period. In orderdbeae to

(Hitachi 737, Hitachi Limited, Tokyo, Japan). LDL-

the “intention to treat” principle the data fronh 2¥ parti-

cholesterol was calculated using the Friedewaldaequ cipants are given. The data were also calculated ex-

tion* Serum apolipoprotein A-1 (Orion Diagnostika,

clusion of the four subjects with BMI>30. This cads

Espoo, Finland) and serum apolipoprotein B (Behringnegligible changes in the blood parameters andndid
werke Ag, Marburg, Germany) were both quantifiedsignificantly alter any of the conclusions (seeohél
immunoturbidometrically using an automated enzymeThe mean fasting body weights of the nine partidipan

analyzer (Cobas Fara, Hoffman-La Roche,
Switzerland). Serum lipoprotein (a) was quantifled a
commercial kit (TintElize Lp (a), Biopool AB, Umea,
Sweden). The coefficients of variation were thikofe-
ing: total cholesterol 2%, HDL-cholesterol 5%, lyig

Baselthat took part in the study of postprandial haematast

variables were not significantly different at thedeof the
three dietary periods.

Test diets

cerides 3%, apoA-1 6.3%, apoB 5.5% and Lp (a) 7.7% aThe energy and protein contents were found to be-ide

100 mg/L, and 2.7% at 400 mg/L.

For determination of diurnal variation in haestatic
variables a fasting sample was collected on dayn £ach
of the three periods at 0730 followed by four nasting

tical in the three diets (Table 1). Fat provided3306
(slightly less than the calculated 34%), and tlst mear-
garines 26% of total energy in all three diets.

PALM-diet contained 79.8g fat per 10MJ, tThRANSdiet

The

samples at 0930, 1230, 1600 and at 2030, each about 79.2g fat, and the PUFA-diet 79.2g fat per 10MJIl A

1, after a meal. On the next day another fastimgdl

three diets were low in cholesterol (Table 1).
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Table 1. Content of energy and nutrients of duplic
portions of the test di€ts

PALM-diet TRANSdiet PUFA-diet

Energy,

MJ 8.4 8.35 8.48
Protein,

% of energy 17.7 17.1 17.2
Fat,

% of energy 31 30.1 30.4
Carbohydrate,

% of energy 51.3 52.8 52.4
Cholesterol,

mg 86 56 80

®Portions corresponding to an estimated intake 5f\8J/d were
analyzed

The composition of fatty acids in the test margariard
in the duplicate portions of the diets is showTable 2.
The PALM- diet contained 0.3%ansfatty acids, and the
TRANSdiet 23.1%trans fatty acids corresponding to 7
E%. The sum of the cholesterol-increasing satufatbyl

had a content of 21% of 12:0, 14:0, 16:0 saturéaégy
acids (6.1E %). The sum dafis 18:2 and 18:3 in the
PALM-diet and theTRANSdiet were almost identical.
The content of oleic acid was almost the same inhtee
diets.

Serum lipids and apolipoproteins

Table 3 shows concentrations of total-, LDL-, and HDL
cholesterol, apolipoprotein B (afi8), apolipoprotein A-1
(apoA-1) and triglycerides at baseline and after ttiree
different test diets.There were no significant differences
in total cholesterol, LDL-cholesterol and apoB betw
the TRANS and the PALM-diets. HDL-cholesterol and
apo A-l were significantly higher on the PALM-diairo-
pared to theTRANSdiet while the ratio of LDL-
cholesterol to HDL-cholesterol was lower on the PALM
diet although this difference failed to reach statal
significance P=0.077).Total cholesterol, LDL-cholesterol
and apoB were sigificantly lower on the PUFA-diet

acids (12:0 + 14:0 + 16:0) in the PALM-diet was 36%compared to the two other diets. HDL-cholesterasw

corresponding to 11,2 E%. This was the same asuime
of transfatty acids 23,1% (7E%) and 12:0 + 14:0 + 16:0
12,5% (3,8E%) in the TRANSdiet. The PUFA-diet

not different on the PALM- and the PUFA-diets, butsw

» significantly lower on theTRANSdiet compared to the

PUFA diet. The ratio of LDL-to HDL-cholestémsas

Table 2. Fatty acid composition of the test margarinestaedcorresponding diets

Fatty acid PALM-marg PALM-diet TRANSmarg TRANS&diet PUFA-marg PUFA-diet
12:00 0.2 0.5 0.2 0.5 3.2 2.6
14:00 0.9 1.6 0.2 1 1.4 1.8
16:00 37.2 33.9 8.7 11 12.5 15.8
16:1c 0.1 0.4 0.2 0.4 0.1 0.4
17:00 0.1 0.2 0.1 0.1 0.1
18:00 4 5.3 8.6 8.8 3 4.4
18:1t 0.1 27 22.6 0.2
18:1c 38.6 37.9 34.8 35.2 39.8 38.6

18:2t/¢ 0.1 1 0.4 0.2 0.3
18:2c 15.6 16 13.6 13.5 30.8 27.3
18:3c 1.9 2.4 4.2 4.7 6.1 6.1

18:3t/¢ 0.2 0.4 0.6
20:00 0.4 0.4 0.4 0.3 0.4 0.2
20:1t 0.1 0.1 0.2
20:1c 0.4 0.6 0.7
22:00 0.1 0.2 0.3 0.3 0.6 0.3
22:1c 0.1 0.1 0.2

Suntrans

fatty acids 0.2 0.3 28.4 23.1 0.8 0.5
Sum 12:0, 14:0,

16:0 andrans

fatty acids 38.5 36.3 375 35.6 17.9 20.7
E% from

12:0, 14:0, 6:0 11.2 3.8 6.1
E% from

trandatty acids 0.1 7 0.2
E% from

CiSMUFA 11.8 10.6 11.7
% of energy from

PUFA 5.7 55 10.2

dincludetrans cis andcis, trans;® includetrans cis,cis andcis, cis, trans
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Table 3. Serum lipid and lipprotein levels at the end TRANSdiet compared to the PALM-dieP(= 0.05) but
the three dietary test peridds not different from those on the PUFA-diet. The dassal
diurnal levels of t-PA activity on the PUFA-diet me
Total cholesterol pared to the PALM-diet did not reach statistical- sig

mmol/L " 4744066 4.61+0.7¢ 4.45+064° hificance P = 0.07 with Bonferroni correction) (Table 4,
208078 288+070 261+ 068" Fig.1A). t-PA activity was lowest in the morning while t-

' ' e e PA antigen and PAI-1 activity and PAI-1 antigen &er
HDL-cholesterol ~ 1.4%0.3Z 1.32+0,29° 1.43+0.28 highest in the morning (Fig.1 A-D). There were no
LDL/HDL significant differences in fasting t-PA activitytoeen the
Tr(i:g;?llceesrtizreosl 202073 2266073 1.88+0.65 00 giets (data not shown). No significant diferes

mmol/l 0.90+042 092039 089036 Were observed in the levels of t-PA antigen, PAdeti-

, Vity and PAI-1 antigen, factor Viic activity andbfi-
ApoB, g/L 1114022 1112022 1.04+023 nogen (Table 4, Fig.1B-F). No significant differesdn
ApoA-1, g/L 1.78+ 027 1.70+0.26 1.75+0.25 postprandial diurnal levels of serum triacylglyderand
Lp (a) mg/L 309+ 300 340+ 339 326+ 355 total cholesterolN = 9) were observed between the three

Values given as mear SD (N=27). Numbers with identical diets possibly due to lack of statistical test powe
superscript indicate significant difference,Rd0.01

PALM-diet TRANSdiet PUFA-diet

LDL-cholesterol

Discussion
higher on both the PALM- and tiéRANSdiet compared N this study we wanted to test whether palm oilldae-
to the PUFA-diet although the difference betweea th Place PHSO in margarine without causing unfavorable
PALM- and the PUFA-diet was significant only after €ffécts on serum lipids and haemostatic variablBsns
exclusion of the four subjects with BMI>3B £0.063 for  fatty acids in thdRANSmargarine were replaced by an
N=27 and 0.001 foN=23). ApoA-I was not different on €dual amount of saturated fatty acids, mostly pdmi
the PALM- and therRANSdiets compared to the PUFA- 2€id, in the PALM-margarine. The sum of 12:0, 1ardi

diet. Triglycerides and Lp (a) were not significgntl 16:0 saturated. fatty acids was eq.ual 'to the sunthef
different among the three diets. same fatty acids anttans fatty acids in theTRANS

margarine. The contents a@fs polyunsaturated andis
Levels of diurnal haemostatic variables, triacylglycerols monounsaturated fatty acids were approximatel\stme
and cholesterol in the PALM- and th& RANSdiets. The results show that

Of the three diets the PALM-diet had the most fagbie the PALM-diet increases HDL-cholesterol compared to
effect on t-PA activity (Table 4, Fig.1A). The diutna the TRANSdiet without having any significant effect on

levels of t-PA activity were significantly decredsen the ~ LDL-cholesterol leading to a slightly more favourbl
ratio of LDL-cholesterol to HDL-cholesterol. #d the

Table 4. Differences in the grand mean levels of diurnaiataon of haemostatic variables between the djetast
periods N = 9, six comparison$)

Mean Differences P value 95% Confidence Interval

Fibrinogen, g/l

PALM-TRANS 0.013 (1.030) 0.595 -0.04, 0.06, (-1.10, 1.15

PALM-PUFA -0.003 (-1.007) 0.891 -0.05, 0.04,.12, 1.12)

TRANSPUFA -0.016 (-1.038) 0.505 -0.06, 0.03, (51.1.07)
Factor VII, (%)

PALM-TRANS -0.004 (-1.009) 0.928 -0.08, 0.08, (-1.2@0}.

PALM-PUFA -0.006 (-1.014) 0.878 -0.09, 0.08,.23, 1.20)

TRANSPUFA -0.002 (-1.014) 0.949 -0.08, 0.08, (@1.2.2
PAI-1 antigen, ng/ml

PALM-TRANS -0.051 (-1.124) 0.599 -0.23, 0.13, (-1.7G5}.

PALM-PUFA -0.050 (-1.122) 0.599 -0.23, 0.13,.70, 1.35)

TRANSPUFA 0.000 (1.000) 0.999 -0.18, 0.18, (-1B51)
PAI-1 activity, (IU/ml)

PALM-TRANS -0.006 (-1.014) 0.945 -0.17, 0.16, (-1.485).

PALM-PUFA 0.061 (1.151) 0.457 -0.11, 0.23,24, 1.70)

TRANSPUFA 0.067 (1.167) 0.417 -0.10, 0.23, (-1260)
tPA antigen, ng/ml

PALM-TRANS -0.000 (-1.000) 0.993 -0.10, 0.10, (-1.2@6).

PALM-PUFA -0.010 (-1.023) 0.834 -0.09, 0.11,.23, 1.29)

TRANSPUFA 0.011 (1.026) 0.826 -0.09, 0.11, (-1229)
tPA-activity, (IU/ml)

PALM-TRANS 0.106 (1.276) 0.048 0.00, 0.21, (1.00, 1.62)

PALM-PUFA 0.098 (1.253) 0.072 -0.01, 0.20, (-1.02, 1.58)

TRANSPUFA -0.0073 (-1.017) 1.60 -0.11, 0.10, (-1.29, 1.26)

2All data are logtransformed during the variaanalysis. Untransformed data are given in passeh
®Adjustment for multiple comparisons: Bonferroni.
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Figure 1. Circadian variation in plasma t-PA activity (A)PA antigen (B), PAI-1 activity (C), s+ PALMHdiet
PAI-1 antigen (D), factor Vlic activity (E) and fiilmogen (F). Time of day 1,2,3,4,5,6 represent )
median values at 0730 h, 0930 h, 1230 h, 160030 2 and 0730 h, respectively. Fasting O— TRANS-diet
values at 0730 h, the others are approximately 14ftér a meal. Reproduced from ref. 12 with e PUFAdiet
permission.
palm oil rich diet had a more favourable effect pst- We did not find any significant difference Wween the

prandial t-PA activity than one rich itmnans fatty acids. PALM-diet and theTRANSdiet on the effect on LDL-
The results indicate that from a nutritional poifitview  cholesterol. This result is in accordance with éhos-
palm oil may be used as a substitute for PHSO imported by Nestelet al® In that study no significant
margarine, which could contribute to a reducedeonof  difference in total- nor in LDL-cholesterol was falin
transfatty acids in food products. The sensory pragert with an elaidic acid rich diet (18rhns, 7E%) in 27
of the two margarines were not identical, howeVe¢hen  mildly hypercholesterolemic men compared to a pédmi
changing from PHSO to palm oil in the margarine in-acid diet® Our PALM-diet, like that of Nestat al, con-
dustry it is essential to obtain satisfactory cstesicy and tained very little myristic acid which is known be the
taste. As expected, a margarine where saturatég fatmost potent cholesterol increasing fatty &t

acids corresponding to 20% of total fatty acids eves- Also, Woodket al.,did not find a difference in total- or
placed by polyunsaturated fatty acids (the PUFA-LDL-cholesterol between crude palm oil anttans fatty
margarine) had more favourable effects on bloodtisip acid-rich margarind® The difference in palmitic acid
than both of the two other test margarines. corresponded approximately to thatm@nsfatty acids in
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the 2 diets. The diets differed, however, botblgic and
linoleic acid and their resufts can therefore not be
directly compared to ours. Judst al, observed signi-
ficantly higher total-cholesterol and also highlent not
significantly, LDL-cholesterol on a saturated fatetdi
(12:0, 14:0 and 16:0) compared to a higdns (6.6 E%)
diet?® Mensink and Katan found a significant incremse
total- and LDL-cholesterol on a saturated fat diein-
pared totransfatty acid dief> The saturated fat diets in
both of these two studies contained higher amoohts
both lauric, myristic and palmitic acid than tihansdiets.
When trans fatty acids (mostly elaidic acid) were com-
pared directly to palmitic acid Sundranal.,foundtrans
fatty acids to be far more total- and LDL cholesténe
creasing than palmitic actd. Based on results from 4
dietary studies including those descried heregediffj in

increase in risk is unknown. The stronger effecthaf
PALM-diet on the circadian variation in plasma t-PA
activity compared to thERANSdiet may indicate a more
favourable effect on the fibrinolytic system.

The relation of haemostatic variables to cardscular
disease (CVD) is controversial, howel&f even if se-
veral epidemiological studies show that plasmalteoé
t-PA activity**® t-PA antigeri®*’*® and PAI-l acti-
vity3464849 may be associated with risk of myocardial
infarction. It has been suggested that only itmirfogen
is there significant, strong and consistent evideaf a
causal association to CV9.In the Northwick Park Heart
Study, which was a prospective epidemiological wtud
the blood fibrinolytic capacity was evaluated byame
suring clot lysis from diluted blood. An increasesk of
myocardial infarction was observed according to miti-

fatty acid composition we have included saturatad a vity of lysis of clots** This could again point to the im-
trans fatty acids into previously published predictive portance of fibrinolysis in atherosclerotic coronati-
equations for serum cholesterol by constrainedessgon  sease.

analysis®® According to these equations the effects of Up to now mostly fasting values of haemostatid-
palmitic acid on total and LDL-cholesterol wereghlly = ables have been studied and no differences have bee
higher than fortrans fatty acids. Our analysis failed to found in fasting haemostatic variables wheans 18:1
obtain a credible predictive equation for HDL-clstégol. has been compared to 18;0oleate or carbohydrafé.
However, here we found the highest HDL-cholesterol Presumably may postprandial changes in haemostatic
the PALM-diet (Table 3). Also others have found thatvariables which fluctuate during the day and nibket

HDL-cholesterol may be significantly increased wiith
take of palmitic acid compared to oleic- or elaidich
diet** Even if palmitic acid may be slightly more LDL
cholesterol increasing this effect may thus be teun
acted by the HDL cholesterol increasing effect dimitic

more physiologically relevant than only fasting ued
because postprandial changes is usually more kstong
than the fasting condition.

In conclusion, the results from our studiefidate that
from a nutritional point of view palm oil may berea-

acid compared to that dfans fatty acids. In fact several sonable alternative to partially hydrogenated sapbeil
studies have shown that 18rhns fatty acids decrease in margarine production if the aim is to avdidns fatty
HDL-cholesterol compared to saturated fat or toicole acids while maintaining same degree of hardnespal#
acid®>?’ This HDL-cholesterol lowering effect was also oil based margarine is, however, less favouratde tme

observed in this study in that the lowest HDL-chktdeol
and apoA-lI were observed on tMRANSdiet (Table 3).
The higher LDL-cholesterol to HDL-cholesterol ratio
observed on thERANSdiet was mainly due to this effect

on HDL-cholesterol. Also others have noted the in-

creasing effect ofrans fatty acids on the LDL- to HDL-
cholesterol ratig>*’ When comparing stick margarines
(high intrans) to palm oil it was also found that the latter
had a slightly more favourable effect on total oL
cholesterof® Palm oil may thus be preferable to partially
hydrogenated soybean oil when considering the sfi@t
the LDL/HDL ratio. In accordance with the resultspoé-
vious studies total- and LDL-cholesterol were digni
cantly lower on the PUFA-diet than on the PALM-&ét
and also compared to tHd&RANSdiet, the PUFA-diet re-
duced total- and LDL- cholestergt?®3!

On the basis of available evideffc® it may be

assumed that the combined LDL-cholesterol increasing:

and HDL-cholesterol lowering effect ¢fans fatty acids
contribute to increased risk for CHD. Several epitb-
logical studies have shown a connection betweeaként
of trans fatty acids and atherosclerotic coronary di-

seas€>? In a recent large prospective study it was found

that intake oftrans fatty acids was more strongly asso-
ciated with CHD than that of saturated fatty aéfdshis
increased risk is, however, greater than would ke e
pected from the effects on serum lipfds.To what extent
effects on coagulation and fibrinolysis contribtibethis

based on a more polyunsaturated vegetable olil.
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