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We have compared the effects on lipoproteins and haemostatic variables of two hard margarines
with similar functional properties, one traditional margarine containing partially hydrogenated
fish oil (PHFO), and one experimental margarine based on vegetable oil (VO). Both were all-
purpose cooking margarines with nearly identical functional propeiesisfatty acids from

PHFO in the traditional margarine were replaced mostly by saturated, monounsaturateshand

fatty acids of vegetable origin in the new formulation. Both test margarines contained
approximately the same amount @t polyunsaturated fatty acids. Sixteen female normolipi-
daemic students consumed each diet with the two test margarines for 14 d in random order
(crossover design). The amount of fat was 31 % energy in the PHFO diet and 32 % energy in the
VO diet. The test margarines provided approximately 26 % energy in both diets. In the PHFO diet
7-8 % of the energy was derived fromansfatty acids and 2 % from saturated fatty acids (12:0,

14:0 and 16:0) while in the VO diet; 1% energy was derived frotmansfatty acids and 13 %

from saturated fatty acids (12:0, 14:0 and 16:0). The natural content of cholesterol in PHFO was
deliberately not balanced by addition of cholesterol to the VO diet, thus the PHFO diet contained
215 mg and the VO diet 86 mg cholesterol p& BIJ. LDL-cholesterol concentration was 19 %
higher in subjects on the PHFO diet compared with the VO di&@01). The ratio
LDL-cholesterol:HDL-cholesterol was ¥ % higher in subjects on the PHFO diet compared
with the VO diet P < 0-01). The level of apolipoprotein (apo)A-1 was 6 % lower in subjects on
the PHFO diet compared with the VO di€& € 0-:01). The ratio apoB:apoA-I was % higher

in subjects on the PHFO diet than on the VO die&(0-01). There were no significant differences

in total cholesterol, HDL-cholesterol, triacylglycerols, apoB, lipoprotein(a) and haemostatic
variables between the diets. Our results demonstrate that PHFO, with its unfavourable effects on
plasma lipids, can be replaced by vegetable oils in margarine without appreciable loss of
functional properties but with significant improvement in the effects on plasma lipoproteins.

Plasma lipoproteins: Fish oil: Hydrogenated fat: Trans fatty acids

Partially hydrogenated oils, both vegetable oils and fish oils, Katan, 1992) and increase lipoprotein(a) (Lp(a)) levels
have for a very long time been important ingredients in (Mensinket al. 1992; Nestekt al. 1992; Almendingeret
margarine production. Accordingly, the consumption of al. 1995; Aroet al. 1997). Concerns have therefore been
transfatty acids has increased considerably in industrialized raised as to the continued use of partially hydrogenated oils
countries since the beginning of this century. Like saturated in margarine production. We have previously shown that
fatty acidstransfatty acids from partially hydrogenated oils  partially hydrogenated fish oil (PHFO) is at least as potent as
raise plasma total- and LDL-cholesterol levels (Mensink & butterfat and significantly more potent than partially hydro-
Katan, 1990; Nestadt al. 1992; Zock & Katan, 1992; Judd genated soyabean oil in raising plasma total- and LDL-
et al. 1994; Almendingert al. 1995) and in addition lower  cholesterol levels (Almendingest al. 1995). In addition it
plasma HDL-cholesterol (Mensink & Katan, 1990; Zock & reduces HDL-cholesterol and increases Lp(a) levels

Abbreviations: apo, apolipoprotein; Lp(a), lipoprotein(a); PAI-1, plasminogen activator inhibitor-1; PHFO, partially hydrogenated fish oil; t-PA, tissue
plasminogen activator; VO, vegetable oil.
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(Almendingenet al. 1995). It would therefore seem prudent described elsewhere (Nesal 1992). The questionnaire is
to reduce the use of PHFO in margarine products. PHFO hasmeant to give the usual intake during the past year. The
functional properties, however, that make it particularly calculated mean amount of total fat in the habitual diet was
suitable for the baking industry which requires margarines found to be 29¢D4-9) % of energy. The mean daily intakes
of certain hardness, as well as for household food prepara-of saturated, monounsaturated and polyunsaturated fatty
tion. It is, therefore, of interest to find alternative fat blends acids were 24, 22 and Mg respectively, and the intakes
that maintain the functional properties of the margarine but of linoleic and «-linolenic acids were $g and 11g
with improved effects on plasma lipids. The aim of the respectively. The calculated mean intake of dietary choles-
present study was to compare the effects on plasma lipo-terol was 220 mg/d.
proteins and haemostatic variables of two hard test margar-
ines with similar functional properties, one traditional
margarine based on PHFO and one based entirely on
vegetable oils. The study ran from May to June 1995, during periods of
14 d. Mensink & Katan (1987) recently confirmed previous
studies which showed that new stable levels of serum lipids
Methods and lipoproteins are attained within 14 d on a controlled diet
(Keyset al. 1957; Brussaardt al. 1982; Mensink & Katan,
1987). It cannot be excluded, however, that the maximal
Young female students of home economics were invited to response ttransfat may require more than 2 weeks (Juedd
participate in a strictly controlled dietary study. The sixteen al. 1994). If this is the case any observed differences
volunteers who entered the study with a mean age 0682 ( between the high and the lowans fat diets used here
2:7, range 19-30) years were all normolipidaemic, in good may tend to be underestimated. The study was designed as
health and showed no intolerance with normal dietary an intra-individidual crossover comparison of the effects on
habits. Except for oral contraceptives none was taking any blood lipids and haemostatic variables of the two diets. The
medication known to affect serum lipids. Criteria for inclu- participants received the diets simultaneously and both diets
sion were that the participants should be reliable and have awere given in both periods. The participants were rando-
regular meal pattern. We had no screening criteria with mized into two groups and each group received the two diets
regard to smoking habits, age, physical activity or body in a different order. In this way, variation due to residual
weight. effects of the previous diet or to drift of variables over time
All participants were requested to maintain their regular could be minimized. After the end of the first test period, the
lifestyles and usual level of physical activities throughout participants crossed over to the second diet with a washout
the study. They were asked to abstain from alcohol con- period of 4 d. During this period the subjects returned to
sumption during the study period. In addition they were their normal eating habits.
asked to report in a diary any deviation from their usual ~ Body weight was monitored before lunch twice weekly.
behaviour. Nine women were taking oral contraceptives and The weight was measured with light clothes on a digital
nine were smokers. Four subjects had relatives with a balance, and read to the nearest K. Body height was
known history of cardiovascular disease, none of which measured without shoes and read to the nearest 1 mm. BMI
was identified as familial hypercholesterolaemia. One was calculated as weight (kg)/height fmipietary compli-
person had a diagnosis of asthma while another had allergy.ance was checked by interviewing and by evaluating the
Both of them used medicines. diaries.
The average weight of the participants was
645 (sb7-6) kg ranging from 546 to 833 kg and the BMI
ranged from 20 to 29 kg/M(mean 23$D2-3) kg/n?). All
except one had a BMI below 25 kgfniThe mean diastolic ~ One of the test margarines was a traditional hard margarine
blood pressure was 7616-3) mmHg and the mean systolic  with a high content of PHFO in addition to some soyabean
blood pressure was 119§11-:9) mmHg. For baseline levels  and coconut oils (PHFO margarine). The other was a hard
of serum lipids, lipoproteins and fibrinolytic variables, see margarine based on palm oil, soyabean oil, coconut oil,
Table 3. partially hydrogenated palm oil and fractionated palm oil
The protocol and the objective of the study were (VO margarine)Transfatty acids in the PHFO margarine
explained to the subjects in detail and they gave their written were replaced mostly by saturated8§/100 g total fatty
consent before entry into the study. They received free food acids), monounsaturated (Z3)/100 g) andransfatty acids
but no payment during the study. The study protocol was (3-4 g/100 g) from vegetable oils in the VO margarine. Both
approved by the Regional Committee for Ethics in Biome- test margarines contained approximately the same content
dical Research of Norway. of cis polyunsaturated fatty acids. The fatty acid composi-
tions of the two test margarines are given in Table 2. Both
Habi . margarines (all-purpose cooking margarines) were sub-
abitual diet X
jected to sensory analyses, texture measurements (Stevens
The participants filled in a quantitive food-frequency ques- LFRA Texture analyser, Stevens Advanced Weighing Sys-
tionnaire and each questionnaire was thoroughly checked.tems, Blackburn, Lancs., UK; 1§ solid fat measurements
The quantitative food-frequency questionnaire, which is (Bruker minispec p20i; Bruker Analytical Instruments,
designed to cover the whole diet, has been validated andRheinstetten, Germany) as well as baking and frying tests.

Study design
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The products were considered to be similar with regard to corresponding to a daily energy intake of581J. The
functional properties. However, the VO margarine was duplicate portions were kept frozen at <2@fter homo-

slightly harder and more brittle at lower temperature and
became slightly softer at room temperature. The overall
quality of both was considered equal to that of commercial
margarines.

Since fish oil has a natural content of cholesterol the
PHFO margarine contained 2310mg cholesterol/kg. The
VO margarine contained a negligible amount of cholesterol
(210 mg/kg) derived from the added emulsifier. The mar-
garines were produced by the addition of water, vitamin A,
vitamin D, NaCl, flavour, emulsifier an@-carotene as
colour. The PHFO margarine contained 165, and the VO
margarine 155 g water/kg.

Experimental test diets

The two diets were based on a 7d menu. They were
calculated by using a computer-based, nutrient-calculation

programme and were designed to have the same nutrienb

composition except for the fatty acid composition and
cholesterol content. Both diets were calculated to contain
(% energy): 151 protein, 34 fat and 56 carbohydrate. The
fat from the background diet was calculated to supply a
minimal amount of 6 % energy as fat while the test fat was
planned to provide 28 % energy as fat. The menu for the two
experimental diets contained the same basic food items an
the fat from the background diet came from meat, fish,
bread, dairy products and cereals. The two experimental
diets differed only in the source of test margarine used for
spreading, baking and cooking. The test fats were incorpo-

rated into the menus in several foods including bread, buns,

porridge and sauces for dinner. All meals including week-

end meals were prepared at the college. Lunch and dinner,

were served under supervision in a dining room from
Monday to Friday. Supper and breakfast for the next day
were sent home. Each Friday weekend meals were package
for home consumption. All sauces for weekend dinner were
provided frozen. During the controlled feeding periods no
foods other than those in the menu were allowed. If the
participants lost weight or were hungry, they were allowed

to eat buns with the same nutrient composition as the rest of

the diet. The participants were allowed to drink coffee, tea,
and mineral water with artificial sweeteners. Each diet was
assigned a colour code and an energy level. All foodstuffs
were weighed for each individual subject. The subjects were
supplied with food to meet 100 % of their mean daily energy
requirements. The PHFO and VO diets were calculated to
contain 8% g fat/10 MJ, of which the test margarines
provided 74 g.

Compliance with the diets was judged by direct observa-
tion of consumption of weekday lunch and dinner, and by
evaluation of food diaries. All participants complied well
and only minor deviations from the diet were noted, e.g.
light yoghurt was omitted from the menu twice by two
participants. The fasting body weights were not significantly
different at the end of each of the two periods (mean
reduction of ®4 kg).

Chemical analysis

Duplicate portions were taken of the two diets

genization the homogenates were freeze-dried and the
homogenates from 7 d were pooled into one portion.

The N content in the duplicate portions was determined
by the Kjeldahl technique. The factor used for conversion of
N content to protein was-B5. The total fat content was
determined by chloroform—methanol extraction (Fokth
al. 1957). The metabolizable energy content of the diets was
determined as described by Anderssoral. (1975).

For analysis of fatty acid composition, the lipid fractions
of the duplicate portions were isolated by Soxhlet extraction
of about 59 of freeze-dried homogenate from each series.

The solvent used was diethyl ether, analytical grade, and the

extraction time was 4 h. Quantitatively the lipid recovery

was almost the same as extraction with the more polar

solvent mixture chloroform—methanol (Foleh al. 1957).
The fatty acids of the respective fat extracts were converted
to methyl esters by the BFmethod (American Oil
hemist’'s Society, 19&9) and analysed by GLC using the
polar SP-2560 fused silica capillary column (100 »m
0-25mm i.d.) as described in an earlier study (Almendingen
et al. 1995).

The cholesterol content in the test fats and the homo-
genates was determined on the lipid extract as the trimethyl-

ilyl ether derivative on GLC (American Oil Chemist's

ociety, 1988). 53, 3a-Cholestanol was used as internal

standard, and the separation of cholesterol, tocopherols, and

plant sterols was acceptable on the nonpolar DB-5 capillary
column used (30 nx 0-25 mm).

Blood sampling and analyses

Blood samples were collected after an overnight fast before
breakfast at the end (day 15) of each period. During the
eek before the start, and at the start of the first period
aseline samples were taken. Serum was obtained by low-
speed centrifugation within 1 h of venepuncture and stored
at —70 until analysed.

Serum cholesterol and serum triacylglycerols were mea-
sured by enzymic methods (Nele et al. 1985) using
automated analyser equipment (Hitachi 737, Hitachi
Limited, Tokyo, Japan). LDL-cholesterol was calculated
using the Friedewald equation (Friedewaldal. 1972).

Serum HDL-cholesterol was measured essentially by a
similar enzymic technique (Siedelt al. 1985) after pre-
cipitation of the LDL-fraction with dextran sulfate and Mg
(Technicon Reagent T 0,1-2801-56, Tarrytown, NY, USA).
Serum apolipoprotein (apo)A-I (Orion Diagnostika, Espoo,
Finland) and serum apoB (Behringwerke Ag, Marburg,
Germany) were both quantified immunoturbidometrically
using a seven-point standard curve and an automated
enzyme analyser (Cobas Fara, Hoffman—La Roche, Basel,
Switzerland) essentially according to the manufacturer’s
instructions. Serum Lp(a) was quantified by a commercial
kit (TintElize Lp(a), Biopool AB, UméaSweden) accord-
ing to the manufacturer’s instructions. The interassay CV
were as follows (%): total cholesterol 2, HDL-cholesterol 5,
triacylglycerols 3, apoA-1 8, apoB 55 and Lp(a) 77 % at
100 mg/l, and Z %, at 400 mg/I.

For haemostatic variables citrated plasma was obtained
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Table 1. Content of energy and nutrients of duplicate portions of test The power for detecting differences in serum lipids was
diets containing partially hydrogenated fish oil (PHFO) or vegetable oil calculated to be approximaterEDfor total serum choles-
(VO) (portions at estimated 8-5 MJ/d)
terol, 09 for LDL-cholesterol, @ for HDL-cholesterol, 8
PHFO diet VO diet for LDL-cholesterol:HDL-cholesterol,-0 for apoA, 08 for
apoB, 06 for Lp(a) and <@ for triacylglycerols.
Energy (MJ) 875 877 P P(a) yigly
Protein (% energy) 16-2 15-8
Carbohydrate (% energy) 531 518 Results
Fat (% energy) 307 324 .
12:0, 14:0, 16:0 (% energy) 92 133 Test diets
trans fatty acids (% ener 77 11 . . . .
cis monoﬁnsam,gt"ed fatt?,y;dds (% energy) 58 9-0 Th(_e dupllcqte portions of the two diets corresponding to an
cis polyunsaturated fatty acids (% energy) 41 49 estimated intake of -8 MJ were analysed and the energy
Cholesterol (mg) 215 86 level was found to be identical in both diets (Table 1). The

intake of energy from protein was identical in both diets,
and that from fat was slightly lower in the PHFO diet than in

. o o the VO diet (Table 1). The PHFO diet contained the highest
from Vacutainer tubes containing ‘129 mv-trisodium  amount of energy derived fromnans fatty acids while the
citrate (dilution 1:10) by centrifugation within 15 min at vO diet had the highest content of energy derived from
25009 (30 min at 4) for determination of plasminogen  saturated fatty acids. The content of cholesterol was higher
activator inhibitor type-1 (PAI-1) activity, PAI-1 antigen  jn the PHFO diet than in the VO diet; the levels were 246 mg
and fibrinogen. Acidified plasma for tissue plasminogen and 98 mg/10 MJ respectively.

activator (t'PA) aCtiVity measurements was obtained USing The fatty acid Compositions of the margarines and dup“_

Stabilyt€® tubes as described by’Ray et al. (1989). All  cate portions of the diets as determined by GLC are shown

samples were stored at —7@ntil analysis. ~ inTable 2. The PHFO margarine contained a total 6130
PAI-1 activity and t-PA activity were measured amidolyti- transfatty acids/100 g total fatty acids (ZBg trans mono-

cally, according to Wimaret al. (1983) and Chmielewsket  enes and 18 gtransdienes). The VO margarine contained

al. (1983). An ELISA method with a double-antibody 3.4 gtransfatty acids/100 g total fatty acids, almost all as
techniqgue was used for determinations of PAI-1 antigen trans monoenes.

(meaSUrin.g free PAl-l as well as that Complexed with t'PA) The PHFO diet had the h|ghest content of Very_|0ng_
Commercially available kits (Biopool AB) were used: chain saturated fatty acids (20:0-24:0). The sum of satu-
Spectrolyse/pL, Spectrolyseffibrin and TintElize PAI-1 rated fatty acids (12:0-16:0) anttans fatty acids was
respectively. The interassay CV were54% for PAI-L  highest in the PHFO diet, 56 45 /100 g total fatty acids

activity, 98 % for PAI-1 antigen, and -8 % for t-PA iy the VO diet (corresponding to M and 146 % energy
activity. Fibrinogen was measured according to Clauss respectively).

(1957) using an ACL-3000 Coagulation System Analyzer
(Instrumentation laboratory, Milan, Italy), interassay CV
4-8 %.

All blood samples from the same individual were ana- Table 3 shows concentrations of total-, LDL-, and HDL-
lysed within one run. The analyses were performed at the cholesterol, apoB, apoA-I and triacylglycerols at baseline
Clinical Chemistry Department and Clinical Research Unit, and after the two test diets. Also shown are the mean
Ullevaal University Hospital, Oslo. differences between the two diets and their statistical sig-
nificance probabilities. No carry-over effects were observed
from the first to the second period.

Total serum cholesterol was highest on the PHFO diet,
Pairwise comparisons between the two diet groups were but the difference between the two diets was not significant.
performed and mean differences among treatments wereThe levels of LDL-cholesterol were significantly higher in
analysed by paired tests with 95 % CI.P values < @05 subjects on the PHFO diet compared with the VO diet
were considered significant. AP-values are two-tailed. (P =0-01). The levels of HDL-cholesterol were not signifi-
Serum Lp(a) and the haemostatic variables had a skewedcantly different between the two diets.
distribution and were log-transformed before pairwise com-  Serum apoB level was slightly higher on the PHFO diet
parisons were performed by pairetbst. Pairwise compari-  but the difference did not reach statistical significance
sons of the untransformed data were also performed by the(P=0-08). Compared with the level on the PHFO diet, the
Wilcoxon rank test. Th® values were somewhat highertin  level of apoA-I was significantly increased on the VO diet
tests compared with the Wilcoxon rank tests. (P< 0-001).

Pearson correlation coefficients between baseline levels Significant differences of the ratios LDL-cholesterol:
of serum lipids and apolipoproteins are presented whenHDL-cholesterol and apoB:apoA-I were observed between
appropriate. Spearman correlation coefficients were alsothe two diets, both being highest on the PHFO diet. Thus,
calculated for haemostatic variables. The statistical packagethe ratio LDL-cholesterol:HDL-cholesterol was -62%
SPSS Advanced Statistics, version 6.1 (SPSS Inc., Chicagohigher, and the ratio apoB:apoA-1 #0% higher on the
IL, USA) was used for the data analysis. A test for carry- PHFO diet than on the VO diet.
over effect was performed as described by Jones & There were no significant differences in the levels of
Kenwood (1989). Lp(a) between the two diets.

Serum lipids and apolipoproteins

Statistical methods
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Table 2. Fatty acid composition (g/100 g total fatty acids) of the fat extracts of
margarines containing partially hydrogenated fish oil (PHFO) or vegetable oil (VO)
and their corresponding diets

Fatty acid PHFO margarine PHFO diet VO margarine VO diet
6:0 - 01 0-8 0-2
8:0 1.0 0-8 14 12
10:0 0-8 0-8 09 12
12:0 56 4-8 7-3 65
14:0 6-7 6-8 35 4.2
15:0 0-4 05 01 0-2
15:1 01 01 - -
16:0 160 182 319 304
16:1t 4.5 4-0 02 02
16:1c 2:2 25 02 04
17:0 06 05 01 0-2
17:1 - 0-2

18:0 5-8 6-8 4-8 5-9
18:1t 6-1 66 30 29
18:1c 91 12:2 283 275
18:2t* 15 1-0 02 03
18:2¢ 100 10-2 141 135
18:3c 12 1-2 14 17
20:0 20 15 0-4 0-4
20:1t 36 30 - -
20:1c 2:1 2:2 02 02
20:2t* 72 52 - -
20:2¢ 14 1-2 - -
22:0 1.0 0-8 02 0-2
22:1t 1.7 1-6 -

22:1c 15 16 - -
22:2t* 52 36 - -
22:2¢ 12 09 - -
24:0 0-4 0-4 02 0-3
24:1t 03 01

24:1c 01 02 - -

¢, cis isomer; t, trans isomer.
* Includes trans,trans, cis,trans and trans,cis.

Table 3. Serum lipid and lipoprotein levels of female subjects at baseline and after 14 d of consuming diets containing partially hydrogenated fish
oil (PHFO) or vegetable oil (VO) margarines, and differences between the two test periods*

(Mean values and standard deviations for sixteen subjects)

Baseline PHFO diet VO diet Mean
differences
Mean SD Mean sD Mean SD (PHFO-VO) Pvalue 95 % ClI
Total cholesterol (mmol/l) 4-44 054 4-64 0-68 4-46 053 0-18 011 (004, 0-39)
LDL-cholesterol (mmol/l) 241 0-53 2-87 0-52 263 0-47 0-24 0-01 (0-06, 042)
HDL-cholesterol (mmol/l) 1-46 0-28 1-28 0-30 1-32 0-27 —0-05 021 (=012, 0-03)
LDL-cholesterol:HDL-cholesterol 1.74 0-44 2:32 0-58 2:06 054 0-26 0-01 (0-06, 0-46)
Triacylglycerols (mmol/l) 1-04 0-27 110 041 1-13 0-47 —0-025 074 (018, 0-13)
ApoB (g/l) 0-96 0-14 1-05 017 1-00 0-14 0-05 0-08 (-0-01, 097)
ApoA-I (g/l) 175 0-25 1-53 0-23 1-62 0-28 —0-10 001 (-0-17, —0-03)
ApoB:ApoA-| 055 0-10 0-69 012 063 011 0-07 0-01 (0-:02, 011)
Lp(a) (mg/l) 175 191 225 222 212 227 0-04t 0-22t (-0-03, 0-12)t

(—47-0, 21-4)%

Apo, apolipoprotein; Lp(a), lipoprotein(a).

* For details of diets and procedures, see Tables 1 and 2 and pp. 244—246.
T Log-transformed data.

¥ Untransformed data.
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Table 4. Levels of haemostatic variables in female subjects after 14 d of consuming diets containing partially hydrogenated fish oil (PHFO) or
vegetable oil (VO) margarines, and differences between the two test periods*

(Mean values and standard deviations for sixteen subjects, with lower quartile, median and upper quartile values in parentheses)

PHFO diet VO diet Mean
differencest
Mean SD Mean SD (PHFO-VO) P value 95 % CIt
Fibrinogen (g/l) 2.4 0-4 2:4 0-3 0-01 0-24 (—0-009, 0-032)
(2-1, 2+4, 2°7) (2-1, 24, 2:5)
PAI-1 activity (U/ml) 53 43 39 33 0-09 0-51 (—0-36, 0-189)
(1-1, 46, 8-2) (1-4, 29, 6:9)
PAI-1 antigen (ng/ml) 100 60 81 38 0-05 0-52 (-011, 0-22)
(4-3,9-8, 13-2) (5-0, 75, 10-6)
t-PA activity (1U/ml) 09 03 105 0-6 -0-04 0-30 (—0-041, 0-125)
(07,08, 1-2) (0-7, 1.0, 1-4)

PAI-1, plasminogen activator inhibitor-1; t-PA, tissue plasminogen activator.
* For details of diets and procedures, see Tables 1 and 2 and pp. 244—-246.
T Log-transformed data.

The Pearson coefficient of correlation between the base-both HDL-cholesterol and LDL-cholesterol concentrations
line levels of apoB and LDL was-B0 (P=0-05) and were found to be similar, however, in both men and women
between apoA-lI and HDL was&1 (P<0-01). (Mensink & Katan, 1990). Thus, there is no reason to
believe that the results obtained in the present study are
only valid for females. Possible sex differences in the effects
on Lp(a) are discussed later.

In Table 4 are given the levels of haemostatic variablesand The PHFO margarine contained cholesterol and part of
the mean differences between the two diets and their the increasing effect that was observed both in total- and
statistical significance probabilities. LDL-cholesterol on the PHFO diet may be due to dietary

There were no significant differences in the levels of cholesterol. The aim of the study was to compare two
fibrinogen, PAI-1 activity, PAI-1 antigen and t-PA activity all-purpose hard margarines with similar functional proper-
between the two diets. No significant correlations between ties, made from raw materials taken directly from the
Lp(a) and haemostatic variables were found. There was aproduction line. Thus, the results should be of direct
significant correlation between PAI-1 antigen and PAI-1 relevance to consumers. We, therefore, deliberately did

Haemostatic variables

activity at baseline (Spearman coeffician®:88, P < 0-01). not balance the difference in dietary cholesterol between
No significant correlations between triacylglycerols and the diets. The difference in cholesterol content between the
PAI-I activity were found. PHFO diet and the VO diet on an average energy intake of

9-24 MJ was 137 mg/d (Table 1) and both diets were low in
cholesterol. According to the mathematical model of
Hopkins (1992) the predicted difference in plasma total
In this strictly controlled crossover dietary study with cholesterol due to dietary cholesterol (PHFO ei&tO diet)
sixteen well-motivated young women we have compared was calculated to be:@84 mmol/l which is also in accor-
two different hard margarines, one traditional margarine dance with Ginsbergt al. (1995) who found that total
based on PHFO and one based on VO, both all-purposefasting cholesterol concentration increased @78 mmol/I
margarines with similar functional properties. The two test per 100mg dietary cholesterol in young women. The
margarines contained approximately the same content ofobserved difference wasi® mmol/l (Table 3) which indi-
polyunsaturated fatty acids (Table 2).In general, the resultscates that a large fraction of the cholesterol-raising effect of
presented here confirm our previous findings (Almendingen the PHFO diet may have been due to its content of
et al 1995) that PHFO has unfavourable effects on serum cholesterol.
lipids and lipoproteins even when compared with a vege- The difference in serum total cholesterol concentration
table fat blend of comparable functional properties and between the two diets was somewhat smaller and not
melting temperatures. statistically significant, compared with the difference in
Most often male individuals are used as participants in LDL-cholesterol which was highly significant (Table 3).
dietary studies on the effects of fatty acids on serum lipids. This more potent increasing effect on LDL-cholesterol than
Several studies have reported similar effects of fatty acids on total cholesterol can be explained by the lowering effect
on serum lipids in both men and women (Mensink & Katan, on HDL-cholesterol byransfatty acids in PHFO (Mensink
1989; Juddet al. 1994; Howardet al. 1995). A possible & Katan, 1990; Zock & Katan, 1992; Almendingest al.
exception may be HDL-cholesterol, which may increase in 1995). Our previous finding of an HDL-cholesterol-
men but not in women in response to polyunsaturated fatty lowering effect of PHFO (Almendingert al. 1995) was
acids (Yuet al. 1995). The effects ofrans fatty acids on indicated also in the present study. The difference between

Discussion
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the two diets was not statistically significant, however, 22:0 may be serum cholesterol-raising. PHFO also contains
possibly because of the lack of power. In addition the appreciable amounts of myristic acid (14:0), known to be
HDL-cholesterol-lowering effect of PHFO may have been strongly cholesterol-raising (Hegstetl al. 1993; Yuet al.
partly obscured by the HDL-cholesterol-raising effect of 1995), as well agsis andtrans 16:1 (Table 2). Smitlet al.
dietary cholesterol. Based on the findings of Ginslergl. (1996) tested the effect of myristoleic (14i4) and palmi-
(1995) this would amount to approximateld@ mmol/l. At toleic acids (16:tis) in pigs. They observed that 369
the apoA-I level the HDL-lowering effect was also highly 14:1+16:1/100g total fatty acids resulted in the greatest
significant in the present study. increase in total- and LDL-cholesterol levels from pretreat-

The principal differences in fatty acids between our two ment values compared with a diet containing (g/100 g total
test margarines were the contenttigins fatty acids, which fatty acids) 52 palmitic acid, 51 stearic acid or 38 linoleic
was highest in the PHFO diet, and the content of saturatedacid. Nestelet al. (1994) also found that palmitoleic acid
and monosaturated 1&is fatty acids, which were highest increased total- and LDL-cholesterol levels in human sub-
in the VO diet. Our results indicate that the replacement of jects to a similar extent to palmitic acid and significantly
trans fatty acids in the PHFO margarine with saturated more than oleic acid. This indicates that in additionrems
(8:89/100¢g total fatty acids), monounsaturated -7i8 fatty acids and the known cholesterol-raising saturated fatty
100g) andtrans fatty acids (349/100g) of vegetable acids, several other saturated and unsaturated fatty acids
origin contributes to a reduction in LDL-cholesterol, found in PHFO but not present, or only present in small
LDL-cholesterol:HDL-cholesterol ratio, apoB:apoA-I ratio amounts, in other types of fats may be cholesterol-raising.
and an increase in apoA-l (Table 3). Mensink & Katan  The content of linoleic and linolenic acids wa$ 36 of
(1990) and Troisiet al (1992) reported a particularly energy in the PHFO diet and31% energy in the VO diet.
strong influence oftrans fatty acid intake on the ratio The effects of the test margarines on blood lipids can
LDL-cholesterol:HDL-cholesterol, which is in accordance therefore hardly be explained by differences in polyunsatu-
with our findings. rated fatty acids.

The PHFO diet resulted in a small but non-significant  In a previous study we found that a PHFO diet resulted in
increase in Lp(a) concentration. Lp(a) is considered to be ansignificantly lower levels of PAI-1 antigen and PAI-1
independent risk factor for CHD (Schreinet al. 1993) activity than a partially hydrogenated soyabean oil diet
although a significant association has not always been foundand a significantly lower fibrinogen level than a butterfat
in women (Wild et al 1997). A number of studies have diet (Almendingeret al. 1996). In the present study we did
recently demonstrated thatns fatty acids increase Lp(a) not find any significant differences in haemostatic variables
when given at a level of 7 % energy or more ( Mensitl. when the PHFO diet was compared with the VO diet. The
1992; Nestekt al 1992; Almendingelet al. 1995; Aroet al. intra- and interindividual variations in fasting values of
1997). In a previous study we also demonstrated that PHFOfibrinolytic variables were very large, however, and sixteen
increases Lp(a) compared with partially hydrogenated soya-participants may be too small a number to detect any
bean oil or butterfat (AlImendingest al. 1995). The reason  differences in a study of only 2 weeks duration. Also,
why this effect did not reach statistical significance in the postprandial changes in haemostatic variables may be
present study may be related to lack of power. Furthermore, more relevant than fasting values (Marckmaatral. 1993).
only women participated in the present study. In two  Recently, focus has been on the reduction of the use of
previous studies on the effect tthns fatty acids on Lp(a) partly hydrogenated oils in margarines because of the
only men participated (Nestelt al. 1992; Almendingeret cholesterol-raising effect dfansfatty acids. In the present
al. 1995). In the study of Mensinkt al. (1992) both men  study the contents dafansfatty acids in the PHFO diet and
and women participated and in one of the experiments of the VO diet were B % energy and -1 % energy respec-
that study a significant increase in Lp(a) was observed in tively. The intake otransfatty acids has been estimated to
men but not in women consumingteans fatty acid diet represent 1-5 % energy in several countries (Becker, 1996).
compared with either a stearic acid or a linoleic acid diet The amount ofransfatty acids in our PHFO diet was, thus,
(Mensinket al. 1992). Thus, it cannot be excluded that the higher than the average intake in most countries. Some
effect of trans fatty acids on Lp(a) is more pronounced in (Siguel & Lerman, 1993; Willetéet al. 1993; Aschericet al.
men than in young women. 1994; Huet al. 1997), but not all (Arcet al. 1995; Roberts

Vegetable and hydrogenated vegetable oils contain onlyet al. 1995) epidemiological studies show a connection
small quantities of fatty acids with C chain lengths greater between intake ofrans fatty acids and CHD. Few epide-
than 18 while hydrogenated fish oils contain a large propor- miological studies have looked more specifically into the
tion of very-long-chain fatty acids (C20—C24) both satu- association between consumption of PHFO and risk of
rated andrans unsaturated. Very little is known about the cardiovascular disease. In one study a positive association
effects of these fatty acids on serum lipoproteins. In the between intake of PHFO and mortality from ischaemic heart
present study the PHFO diet contained a total of322 disease was found (Thomas al. 1975) but this was not
C20-C24 fatty acids/100 g total fatty acids. One study by confirmed in a later study by the same authors (Thosatas
Wardlaw et al. (1995) showed that a caprenin diet which al. 1981). Because of a covariation between intake of
contained (100 g total fatty acids): 459 22:0 and 50g8:0 saturated andrans fatty acids it may be difficult by
10:0 and a negligible content of 12:0—16:0 did not decrease epidemiological studies to establish a true association
mean total cholesterol, LDL-cholesterol or apoB levels between CHD and consumption dfans fatty acids
compared with a palm-oil-palm-kernel-oil diet and a (Kromhoutetal 1995). Itis reasonable to assume, however,
butter diet. This means that one or more of 8:0, 10:0 or thattransfatty acids contribute to the risk of CHD by their
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effects on serum lipid risk factors. In a previous study we  Willett WC (1994) Transfatty acids intake and risk of myocar-
found that PHFO in particular has unfavourable effects on dial infarction. Circulation 89, 94—101.

blood lipids, and this has been confirmed in the present Becker W (1996) Intake ofrans fatty acids in the Nordic
study. The consumption of PHFO was recently reported to countries.Scandinavian Journal of Nutritiod0, 16—18.
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