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was unchanged. The effects of trans fatty.acids on HDL and LDL may thus be
‘mediated through cholesterol ester trarisfer protein.
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Acides gras | trcms dlététnques et leur mﬂuence sur les
lipoprotéines plasmatiques

RESUME : Les aliments renferment des isomeres d’acxdes gras msaturés qui ont -
des doubles linisons de- configuration inhabituelle {trans plutdt que cis); des :

positions inhabituelles o les deux. Ces acides gras proviennent de la bichy-
drogénation qui survlent dans le rumen des vaches et des moutons ou par
- Ihydrogénation catalytiqué lors du durcissement industriel des huiles. Les effets

~ des monoinsaturés de type frans sur les lipoprotéines chez 'homme s opposent A
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€lévation ducholestérol LDL et de la lipoprotéirie Lp( a) etabaissent le cholestéral:.*
é l’actiw.té de-

HDL.de fagon dose-dépendante. Les acides, gras trans ont &
" transfert du cholestéryl ester sérique ‘chez: 52 Volohtairés, §
. movenné 18 %; P<0,02) et'ont abaissé le ratio"cholest
~dansile HDL. L’\acyltransférase dix cholestérol’ 1éc.1t1\1niqu. €5t
Lés effets des acides gras trans surle HDL et 16 LDL peuvent -done 'étre et 1f .
la protéme de transfetL de l’ester cholestérol A
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ISOMERIC FATTY ACIDS ARE UNSATU-
rated fatty acids in which one or
more of the double bonds have an un-
usual spatial geometry, namely trans in-
stead of cis, or an unusual position along
the length of the molecule, or both. In
foods, geometric and positional isomers
almost invariably occur together. As it
is analytically easier to distinguish trans
from cis isomers than one positional
isomer from another, food analyses usu-
ally report trans fatty acids only rather
than total isomeric fatty acids. Wher-
ever this paper discusscs effects of die-
tary trans fatty acids, the positional cis
isomers are implicitly included,

Small amounts of trans fatty acids
are continuously formed in the rumen
of cows and sheep. Trans fatty acids
arise here as intermediates in the hy-
drogenation (saturation) of dietaty un-
saturated fatty acids by the hydrogen
produced during bacterial fermenta-
tion. As a result, the fat in butter,
cheese and milk contains some 2 to 8%
by weight of uuns fatty acids, most of
the remainder being saturated. Much
higher propottions of trans fatty acids
are formed during the industrial hydro-
genation of vegetable oils. Such par-
tially hydrogenated vegetuble ofls have

. - aparticular melting range, stability and

mouth feel that makes them suitable for
incorporation into a wide range of
foods, including baked goods and hard
margarines. It should be stressed that
only particular types of margarines are
high in trans, namely brick- or stick-
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type hard margarines made from par-
tially hydrogenared oils. In contrast,
typical levels of trans in soft margarines
are some 3% of total fatty acids in The
Netherlands and 11% in North Amer-
ica. Several brands of soft tub marga-
rines sold in Europe and Canada have
trans levels of 1 % or less, and are also
low in saturated fatty acids (1,2).

EFFECTS ON SERUM LIPID
AND LIPOPROTEIN
CONCENTRATIONS IN MAN

The toxicology of partially hydro-
genated vegetable oils has been investi-
gated extensively, and no untoward ef-
fects have been detected (3). However,
attention was drawn to trans fatty acids
when a study in human volunteers (4)
showed that trans monounsaturated
fatty acids, produced through hydro-
genation of oleic acid-rich sunflower
oil, lowered high density lipoprotein
(HDL) and elevated low density lipo-
protein (LDL) cholesterol levels com-
pared with the natural cis isomer, oleic
acid. A number of studies have ap-
peared since which have largely con-
firmed these initial findings (5-7). Fig-
ure 1 (8) shows the effects of mono-
unsaturated trans fatty acids relative to
their cis isomer oleic acid across five
trials. We adjusted for differences in
other fatty acids between the trans en-
riched diets and the reference diets, us-
ing regression coefficients from a recent
meta-analysis (9). Figure 1 sugpests that
the elfect of tans fatty acids on HDL
increases with the amount consumed.
Although more experiments would be
needed to define the shape of the dose-
response curve more precisely, a linear
relation appears satistactory, and there
is no evidence for a threshold below
which trans fatty acids do not affect HDL
cholesterol levels, According to this
small meta-analysis, every additional
per cent of dietary energy as trans fatty
acids results in a decrease in HDL chole-
sterol of 0.013 mmol/L or 0.50 mg/dL
(R2=0.88, P=0,0019) and an increase
in LDL cholesterol of 0,040 mmol/L or
1.55 mg/dL (R%=0.86, P=0.0028). This
effect on LDL is similar to that of satu-
rated fatty acids (9).

Factors that lower HDL cholesterol
levels often will also elevate fasting
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Flgure 1) Effects of monounsaturated trans fatty acids (trans-C18:1) on lipoprotein cholesterol
levels relative to oleic acid ( cis-C18:1) . Dataare devived from six diesary comparisins betaween trans
monounsaturates and cis wnsaturated fatey acids (5-7) . Diffevences between dices in fatty acids other
than trans and cis monounsaturates were acljusted for using regression coefficients from a meta-
analysis of 27 controlled wials (9) . The regression lines were forced through the origin bec ause a zero
change in intake will produce a zevo change in lipoprotein levels. Regression coefficients per per cent
contribution of trans fatty acids to total daily energy intake are 0.040 mmolfL per cal% for LDI.
(R2=0.86, P=0.0028) and -0.013 mmol/L per cal% (R2=0.88, P=0.0019) for HDL cholesterol

triglyceride levels; dietary carbohy-
drates are a case in point (9). In view of
the HDL-lowering effect of trans fatry
ucidls, one would thus expect a simulta-
neous rise in triglycerides. This is in-
deed confirmed by the results of recent
trials for which fasting triglyceride lev-
els were reported. In the three larpest
trials, scrum triglycerides were mad-
estly, but significantly, elevated on the
trans fatty acids diets relative to the
oleic or linoleic acid reference diets (4,
6,10). In the other recent studies
triglyceride levels were also somewhat
higher on trans facty ncids, although the
changes were not statistically sipnifi-
cant within each separate trial (5,7,11).
When we apply the same adjustments
and linear regression analysis as applicd
in Figure 1, it emerges that every nddi-
tional per cent of enetgy as trans fatry
acids increases triglyceride levels by
0013 mmollL or about | mg/dL
(R*=0.60, P=0.04). Thus, in addition
to the LDL and HDL lowering effects,
monounsaturated truns facty acids ap-
pear to raise modestly fasting plasma
triglyceride levels,

EFFECTS ON
LIPOPROTEIN(a)
Serum lipoprotein(a) [Lp(a)] is a
strong and independent risk factor for
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coronary artery disease. We therefore
examined the effect of trans fatty acids
an serum Lp(a) levels in controlled trials.

In our first experiment (4) 10% en-
ergy fram the cholesterol-raising satu-
rated fatty acids (lauric, myristic and
palmitic acid) was replaced by oleic
acid or by trans-monounsaturated fatty
acids. Each of the 59 participants re-
ceived each diet for three weeks in ran-
dom order, The median level of Lp(a)
was 26 my/L on the saturated-fac diet; it
incrensed to 32 mp/L (P<0.001) vn the
oleicencid  dier and 0 45 mg/l
(P'<0.001) on the mans-facty-ncid diet
{10). The sccond experiment (12) in-
volved 56 subjects, wha all recetved 8%
of energy from either the saturaced fatty
acid steavic acid, from linoleic acid or
from trans-monounsaturates, for three
weeks ench. Medinn Lp(a) levels were
69 mg/L on both the stearic-acid and
linoleic-acid diet, and rose to 85 mgfL
(P<0.01) on the trans-fatty-acid diet
(10).

Our data thus agree with the finding
of Nestel er al (5) in that wans fatey
acids appear to raise Lp(a), even though
the effect is quite small relative to ge-
netically determined differences in
Lp(a) levels. The effect of trans on
Lp(a) s relevant fur our understanding
of lipoprotein metabolism: both satu-
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rates and trans fatty acids raise LDL lev-
els in plasma, but trans fatty acids raise
Lp(a), while saturates, if anything, tend
to lower it (10). This suggests that die-
tary effects on LDL and on Lp(a) follow
different pathways.

EFFECTS ON CHOLESTERYL
ESTER TRANSFER PROTEIN

Human plasma contains a protein
which transfers cholesteryl esters from
1DLs to lipoproteins of lower density,
We hypothesized that this cholesteryl
ester transfer protein (CETP) could play
arole in the effect of trans fatty acids on
HDL and LDL levels. We therefore meas-
ured the scrum activity levels of CETP
(using excess exogenous substrate as-
says) in sera from our second study on
trans fatty acids. The CETP activities
measured after the stearate-diet and the
linoleate-diet werc identical, despite
the higher VLDL+LDL cholesterol levels
seen after the stearate-diet. The trans-
diet was accompanied by an 18% incre-
ase in CETP activity if all subjects were
analysed together. The increase in CETP
activity after the trans-liet was seen in
52 out of 55 individuals; one individual
showed no effect and two showed a
decrease in activity (13).

The increase in CETP activity coin-
cided with a low cholesteryl estersf
triglycerides ratio in HDL. This was to
be expected because CETP removes
cholesteryl esters from HDL and te-
places them with triglycerides. The av.
erage molar ratio (£SD) was 6.15+1,83
on the mrans-diet versus 6.97+2.19 on
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