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Abstract: A high consumption of trans fatry acids
increases the risk of cardiovascular disease (CVD).
We investigeted whether this increase in risk was
due to the decrease in serum HDL-cholesterol by
trans fatty acids, because low concentrations of
serum HDL-cholesterol also increase risk of CVD.
Flow-mediated vasodilation (FMD) was used as an
endpoint in dietary interventions that were de-
signed tn change the concentration of serum
HDL-cholesterol within 4 weeks in healthy vol-
unteers. Replacement of 10% of energy from satu-
rated by trans fatty acids decreased serum HDL-
cholesterol by 21 % and impaired FMD. How-
ever, a replacement of monounsaturated fats by
carbohydrates did not impair FMD, although it
decreased serum HDL-cho?esterol by 13%. Acute
ostprandial impairments of FMD by either trans
ats or saturated fats were not found, suggesting
that long-term elfects are responsible for the detr-
mental effect of 1rans fats on health. However, the
role of serum HDI-cholesterol appears to be less
than we expected.
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INTRODUCTION

Consumption of frans fatty acids increases risk of
cardiovascular disease; presumably by 25% for
each additional 2% of energy from these fatty
acids [1]. This increase in risk 1s stronger than that
of saturated fatty acids, despite similar effects on
LDL-cholesterol. We investigated whether the de-
crease in HDL-cholesterol could explain the addi-
tional risk of cardiovascular disease with con-
sumption of trans fatty acids. We used flow-medi-
ated vasodilation, a marker of cardiovascular dis-
ease risk, as principal outcome of our studies.
Flow-mediate vasogilation (FMD) is the percent-
age increase in the diameter of an artery after a
provoked local increase in blood flow [2]. An im-
paired FMD appears to predict future coronary
events [3]. FMD was measured non-invasively
with high-resolution ultrasound in the brachial ar-
tery of the right arm.

REPRODUCIBILITY AND SAMPLE SIZE

In a pilot study with 13 healthy young volunteers
measured 6 times each we found a mean FMD of
5.6% of the baseline diameter. The within-subject
standard deviation was 2.8 percentage points, so
the corresponding coefficient of variation was
50%. From these data we estimated that we would
need 32 volunteers in future cross-over designs to
detect a treatment effect of 2 percentage points
with 5% probability and a power of 80%.

REPLACEMENT OF SATURATED BY TRANS
FATTY ACIDS IMPAIRED FMD

The first study was a dietary controlled study
with 10 men and 19 women in a cross-over design
with two diets [4]. The volunteers had a mean
(+ SD) age of 30 &+ 16 years, a bodyweight of
69 + 9 kg, a body mass index of 22.5 + 2.4 kg/m?,
and fasting total cholesterol of 5.1 £ 1.1 mmol/L.
The aim of this study was to decrease serum HDL-
cholesterol with trans farvy acids and to measure
the effect on BMD. 'T'he Trans-diet provided 9.2%
of epergy from trans fatty acids, these were re-

placed by saturated fatty acids in the Sat-diet.
Energy intake was 11 MJ/d on both diets. Pre-
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Fig, 1. Flow-mediated vasodilation of 29 subjects after the
diet rich in trans fatty acids (W) and alter the diet rich in
saturated fatty acids (0). The subjects consumed both
diets for 21-32 days in random order.
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study toral cholesterol was 5.1 + 1.1 mmol/L
After 4 weeks, serum HDL-cholesterol was 1.87
mmol/L after the Sat-diet and 1.48 mmol/L after
the Trans-diet, a difference (95% CI) of 0.39 (0.28
to 0.50) mmol/L. The low HDL-chplesterol was
parallelled by an impaired FMD, which was 4.4%
after the Trans-diet; significantly lower than the
6.2% after the Sa-diet with a difference of 1.8%-
points (0.4, 3.2). This result suggested that de-
creases in HDL-cholesterol impair FMD, and
thereby increase risk of cardiovascular disease.

REPLACEMENT OF MONOUNSATURATED FAT
BY CARBOHYDRATES DID NOT IMPAIR FMD

We sought confirmation for the impairment of
FMD after a decrease in HDL-cholesterol in a sub-
sequent cross-over study in which we lowered
serum HDL-cholesterol by replacement of mono-
unsaturated fat by carbohydrates (5. The voluan-
teers in this study were 11 men and 21 women
with 2 mean (+ SD) age of 27 + 13 years, a body-
weight of 68 + 9 kg, body mass index 22 + 2.2
kg/m?, and fasting total cholesterol of 4.6 + 0.8
mmol/L. Although serum HDL-cholesterol was
lowered by 0.21 %0.17, 0.26) mmol/L, FMD was
not impatred. Instead, FMD was 4.1 % after the
diet rich in monounsaturated fat and 4.8 % after
the diet rich in carbohydrates, a difference of
0.7%-points (-0.6, 1.9). We checked whether the
carboEydrate-rich diet, with its 124g larger fruit
and 80g larger vegetable content, had reduced
serum homocysteine, which may have improved
FMD [6], but this was not the case. Thus, either
the decrease in serum HDL-cholesterol had been
too small to elicit an effect, or HDL-cholesterol
was not causally related to FMD. In that case, the
effect of trans t}z]uty acids on FMD may have been
mediated by other factors, such as serum paraoxo-
nase activity,

TRANS FATTY ACIDS DECREASE SERUM
PARAOXONASE ACTIVITY

We measured serum paraoxonasc activity in serum
samples of the first study. Paraoxonase is an HDL-
bound enzyme that can hydrolyse oxidized lipids
in LDL and HDL panici:es; and oxidized lipids
may impair endothelial function as suggested by
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in vitro and animal studies. Moreover, serum par-
aoxonase activity is inversely related to risk of
coronary heart disease in cross-sectional studies,
and to vasoreactivity in patients with coronary
heart disease, We found that serum paraoxonase
activity was 196umol/L/min after the Sat-diet
and 6% (2%, 10%) lower, or 185 umol/L/min,
alter the Trams-diev [7]. This difference s about
half that between smokers and nonsmokers, who
also differ markedly in FMD. Thus, consumption
of trans fatty acids for 4 weeks not only reduced
serum HDL cholesterol but alsa reduced the activ-
ity of serum paraoxonase. Whether this conurtbut-
ed to the impairment of FMD, however, remains
1o be determined. The last question we wished 1o
answer was whether replacement of saturated fat
by trans fat could impair FMD independent ot
cel,anges in HDL-cholesterol. We did thix by com-
paring postprandial effects of the two fus on
FMD

POSTPRANDIAL FMD NOT DIFFERENT FOR
TRANS FATS AND SATURATED FATS

Based on reports by others we hypothesized that
meals rich in saturated or #razs tat would impair
postprandial FMD, and based on the first study
we expected to see a larger effect with rrans far.
Twenty-five men aged 35 years and older were
given oral fat loads (0.9-1.C ¢ fat/ky body weight)
with saturated or trans fatty acids, and FMD was
measured before and 3 h after the fat load [8]. In
contrast to reports by others we found a vasodtla-
tion of 3.1% after the meals, which was higher
than the 2.6% before the meals. Morcover, we
found no differences in change in FMD hetween
the two types of fat.

Serum paraoxonase activity parallelled the
change in FMD, and was about 2% higher alter
the meals than before. In accordance with reporrs
by others we found that postprandial changes in
serum triacylglycerols were inversely related with

changes in FMD.
CoNcLUSION
In conclusion, we found that replacement of die-

tary saturated fatty acids by onens fatty acids for
several weeks impaired flow-mediated vasodila-

Table 1. Concentration of serum lipids (mmoi/L) after consumption of the two diets,

oll diet carbohydrate diet  Difference (95% CI)
mean SD mean SD
total cholesterol 4,48 0.87 4.34 0.84 0.14 (-
HDL cholesterol 166 039 144 035 0.21 (~8Z§Z 0 -8'0117))
LDL cholesterol 245 0,65 242 067 40,03 (012 to 0.07)
triacylglycerols 0.81 0.41 1.03 : :

0.52
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tion, a marker of cardiovascular disease risk. "T'his
effect may have been caused by the concomitant
decrease 1n serum HDL-cholesterol, but this was
not confirmed in our second diet study in which
we decreased HDL-cholesterol by a low-far diet.
The effects of trans fatty acids on FMD appeared
to be long-term only: single meals rich in trans
fatty acids or saturated fatty acids did not act dif-
ferently on postprandial FMD. Serum paraoxo-
nase activity parallelled changes in FMD in both
studies with pans fatty acids, but whether this is
causal remains to be determined. Thus, evidence
for a causal role of HDL-cholesterol in coronary
heart disease remains convincing but tentative.
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