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acute detrimental effect over the endothelial
function in healthy young subjects

Christian F. Rueda-Clausen a, Federico A. Silva a,b,
Manuel A. Lindarte a, Cristina Villa-Roel a, Elieth Gomez b,
Roberto Gutierrez c, Carlos Cure-Cure d, Patricio López-Jaramillo a,*
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Abstract Background and aim: Currently, more than 30% of the caloric intake in
the Colombian population comes from vegetable oil consumption mainly by the
ingestion of deep-fried foods. Recently, it has been reported that unsaturated fatty
acid rich oils have a beneficial effect on the endothelial function. Nevertheless, it is
well know that the deep-frying process alters the chemical composition of vegeta-
ble oils and can produce adverse effects in the endothelial function.
Objective: To evaluate the acute effect of the ingestion of large amounts of olive,
soybean and palm oils, fresh and at two different deep-fry levels, on the glucose
and lipid profiles and the endothelial function.
Methods and results: Ten healthy young volunteers were included in the study.
After performing a baseline evaluation of cardiovascular risk factors and drawing
a fasting blood sample, subjects were exposed to a randomly assigned potato soup
meal containing 60 mL of one of three different vegetable oils (olive, soybean and
palm), either fresh or at one of two different deep-fry levels (10 and 20 fries, re-
spectively). Flow-mediated vasodilation (FMD) was performed in fasting conditions
and 3 h after the intake of the oil rich meal. Furthermore, blood samples were tak-
en at these stages for the lipid profiles and plasma glucose determinations. All the
meals resulted in a similar acute endothelial impairment (FMD decrease of 32.1%,
confidence interval [CI] 95%, 28.0e36.2) and postprandial increase in triglycerides
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(27.03%, CI 95%, 20.5e33.3), independently of the type of oil ingested (p ¼ 0.44)
and regardless of its deep-fry level (p ¼ 0.62). No correlation was found between
endothelial impairment and postprandial triglyceride increment (r ¼ �0.22,
p ¼ 0.09).
Conclusions: No difference was found in the acute adverse effect of the ingestion
of different vegetable oils on the endothelial function. All the vegetable oils, fresh
and deep-fried, produced an increase in the triglyceride plasma levels in healthy
subjects.
ª 2005 Elsevier B.V. All rights reserved.
Introduction

Cardiovascular disease (CVD) constitutes an impor-
tant health problem in Colombia today because of
its high incidence rate. Currently, CVD is the
principal cause of mortality among the adult
population. Although the increased frequency of
traditional cardiovascular risk factors (CRF) could
explain the high rate of CVD in the population [1],
the presence of inadequate sanitary conditions
and inappropriate dietary habits may also act as
triggers of this phenomenon [2,3]. Currently, the
global availability of cheap vegetable oils is in-
creasing the fat consumption in this population
and this in turn exerts an influence on nutritional
habits [4]. About 32.5% of the daily energy intake
in Colombia comes from vegetable oil consump-
tion, and over 94% of this oil is used for frying.
These factors converge in fatty hypercaloric
meals, which are poor in fiber and micronutrients
[5].

High-fat meals, which are strongly associated
with traditional CRF such as obesity and dyslipide-
mia [6], have also been linked to the induction of
oxidative stress [7] through different processes
such as the production of superoxide and the sub-
sequent deactivation of nitric oxide (NO) [8], the
production of peroxynitrite, and insulin release [9].

Although olive and soybean oils are highly
recommended for human consumption due to their
high content of monounsaturated (MUFAs) and
polyunsaturated (PUFAs) fatty acids [10,11], it
has been reported that exposing oil (especially
PUFA rich oils) to deep frying temperatures
(>200 �C) affects the chemical composition by sat-
urating its fatty acids (FFA) [12] and generating
other oxidation products, leading in turn to a dele-
terious effect in the endothelial function [13].
Moreover, the thermoxidation of vegetable oil
can produce a class of unstable compounds called
peroxides. These are known to generate free radi-
cals that have a direct deleterious effect on the
endothelial function [14] and can, in combination
with free fatty acids, produce monomers and other
products like penzopirene, which have a recog-
nized toxic effect on endothelial cells [15].

Currently, Colombia is the main palm oil pro-
ducer in South America; being this one of the
reasons why the oil consumption constitutes the
main source of fat intake in this population [5].
Palm oil is known to contain a lower level of PUFAs
than olive or soybean oils and its consumption has
been associated with a higher risk of CVD [6,16].
On the other hand, due to its composition and
the presence of higher concentrations of antioxi-
dants like tocotrienols, palm oil could be highly
suitable for frying preparations [17].

The main aim of the present study was to
evaluate and to compare the acute effects of
three different kinds of vegetable oils (palm,
soybean, and olive) in fresh state and after
exposure to different deep frying levels on endo-
thelial function in healthy young volunteers.

Methods

Study population

Ten healthy, normolipidemic, non-smoking, young
men (between 18 and 23 years old), without CRF or
family history of coronary heart disease (CHD),
were recruited. None of the subjects was taking
any supplemental vitamins or medication at that
time. All subjects refrained from exercise during
the study period and fasted for 12 h overnight
before each visit. All subjects signed their written
informed consent before participating in the
study, which had previously been approved by
the institutional review board.

Clinical parameters

On the first day of the study, after a baseline
medical examination (cardiovascular risk determi-
nation, anthropometrical measurement and nutri-
tional evaluation), fasting venous blood samples
were taken to determine glucose, leukocyte count
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and lipid profile (total cholesterol (TC), triglycer-
ides (TG), HDL-cholesterol (HDL-C) and LDL-cho-
lesterol (LDL-C)). Biochemical parameters were
determined by a reference laboratory using a stan-
dard colorimetric technique for lipid profile and
glucose determination.

Flow-mediated vasodilation (FMD) in the bra-
chial artery was performed twice during each visit
(weekly during 9 weeks), in fasting conditions and
3 h after each meal intake. At these times, new
venous blood samples (for glucose and lipid profile
determinations) were drawn.

FMD studies were performed following a pre-
viously published technique [18]. Subjects who had
refrained from heavy exercise, caffeine-containing
drinks and nitrite-nitrate rich meals for at least
24 h and who had fasted for at least 10 h, were
admitted at 07:00 h to the Non-invasive Test
Department of the Cardiovascular Foundation of
Colombia. All measurements were performed in
a temperature-controlled room (24 �C). The study
was performed following 10 min of rest with the
subject in a supine position. The left arm was com-
fortably immobilized in the extended position to
allow consistent access to the brachial artery for
imaging. Brachial artery diameter and blood flow
velocity were imaged using a 7.5-MHz linear-array
transducer ultrasound system (Aloka�, Vario View
SDD2200, Tokyo, Japan), located between 4 and
10 cm above the antecubital fossa. Baseline meas-
urements of brachial artery diameter and arterial
flow velocity were both obtained by means of
a pulsed Doppler signal at a 70 � angle to the ves-
sel. After baseline measurements, a small-width
blood pressure cuff was inflated on the most prox-
imal portion of the forearm to occlusive pressure
(300 mmHg) for 5 min in order to induce hyper-
emia. The cuff was then deflated and pulsed Dopp-
ler signals were recorded for 15 s. Images of the
brachial artery were obtained after 60 s of cuff
deflation. Vessel diameter was measured with
ultrasonic calipers from the leading edge of the an-
terior wall to the leading edge of the posterior wall
of the brachial artery at end diastole, incident
with the R wave on the simultaneously recorded
electrocardiogram. Change in diameter was calcu-
lated as a percentage of change relative to the
baseline diameter using the following equation:
[(vessel diameter after cuff deflation � resting
vessel diameter)/resting vessel diameter] � 100.
The flow velocity was taken from the center
of the vessel. Reactive hyperemia was calculated
as follows: [(blood flow at 15 s after cuff defla-
tion � resting blood flow)/resting blood flow] �
100. All images were recorded on Super VHS tape
for later analysis. The studies were subsequently
analyzed by two blinded observers; the mean val-
ues obtained from the two observers were used
for the analysis. The mean within-subject variance
for FMD obtained was 6.7%, and the interobserver
linear correlation coefficient was 0.91. The
anthropometrical parameters were measured
using the Airle Consensus [19].

Diet preparation and oil administration

To administer the vegetable oils, a special meal
consisting of 250 mL of salt-free light soup pre-
pared with 60 g of potatoes, salt (approximately
25 mEq of Na) and water (total calories 55.2 kcal,
carbohydrates 50.6 kcal and protein 4.5 kcal) was
prepared under the supervision of a qualified
nutritionist.

The vegetable oil intake consisted of 60 mL
(541 kcal) of the different types of vegetable oils
(soybean, olive and palm), either fresh or at one
of the two different deep-fry levels (10 and 20
fries). One deep-fry level of the oil is defined as
a continuous exposure of potatoes to 200 �C of
temperature for 8 min. The deep frying was car-
ried out by GRADESA S.A (Barranquilla, Colombia),
a specialist oil processing institution.

Intervention

Meals were administered once a week, starting
with the first meal in the morning. Every portion of
vegetable oil was added directly to the potato
soup a few minutes before ingestion. For 9 weeks,
subjects were exposed once a week to a randomly
assigned portion of different kinds of vegetable oil
at different deep-fry levels. Meal assignments
were done independently for each volunteer, be-
fore the inclusion of the subjects, using a random
number table. A 24-h recall was performed weekly
to evaluate changes in nutritional habits of the
subjects during the study. Both the study coordina-
tor and the subjects were blinded to the assigned
meal.

Biochemical evaluation of the oil

Samples of each type of oil subjected to different
deep-fry levels were packed and sent to the
biochemical laboratory of GRADESA S.A. and to
the Department of Nutrition of the Universidad
Industrial de Santander for biochemical analyses.
Fatty acid composition was determined by high
resolution gas chromatography (Hewlett Packard�

HP 5890A Series II, Palo Alto, CA) after the deri-
vation of the fatty acid methyl esters according
to the standard methods of the International
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Union of Pure and Applied Chemistry (IUPAC) [20].
Polar compounds were quantified by absorption
chromatography in a silica gel column. The iodine,
peroxide and acidity levels were determined by
standard titration methods [20].

Statistics

The study had an 80% power to detect a 3%
reduction in FMD and a 90% power to detect
a 3.8% reduction in FMD. Group descriptive values
are expressed as mean � standard deviation (SD).
The acute effects of the meals with the different
vegetables oils on metabolic and endothelial pa-
rameters under-went to analyses of variance
(ANOVA) for repeated measurements. Spearman
rank correlation analysis was used to test for a re-
lationship between changes in biochemical param-
eters and FMD. Multiple comparisons of the
changes in FMD induced by the nine meals (once
a week) were compared using repeated-measures
ANOVA. The software program STATA 8.0 was
used for all the analyses. Values of p < 0.05 were
considered significant.

Results

The anthropometrical, biochemical and nutritional
characteristics of the 10 subjects are presented in
Table 1. The subjects were healthy, normotensive,
non-obese, and their biochemical determinations
were normal. The 24-h recall analysis shows that
mean caloric intake of the subjects at the begin-
ning of the study was 1859 � 588 kcal, carbohy-
drates 322 � 122 g., protein 70 � 24 g, saturated
fatty acids 10.6 � 1.8 g., MUFAs 9.3 � 2 g. PUFAs
5.2 � 1.9 g, which is considered an adequate and
balanced diet with an appropriate proportion of
macronutrients [21]. The nutritional intake of the
subjects did not change during the course of the
study (ANOVA ¼ 0.63). The biochemical charac-
teristics of the different oils used in the study
and the effect of deep-frying on them are pre-
sented in Table 2.

Changes in serum lipid profile and glucose levels
observed 3 h after each meal administration are
shown in Table 3. Mean serum TG values showed
a significant (p < 0.05) and similar increase

Table 1 Anthropometric, biochemical, and nutri-
tional characteristics of 10 healthy volunteers

Variable Mean SD

Age (years) 20.8 2.4
Weight (kg) 66.2 9.8
Body mass index (kg/m2) 21.9 2.6
Waist circumference (cm) 77.1 7.8
Waist/hip ratio 0.88 0.07
Heart rate (bpm) 72 6
Mean blood pressure (mmHg) 81.2 3.4
Fasting glucose (mg/dL) 89.4 7.03
Total cholesterol (mg/dL) 118 22.7
LDL-cholesterol (mg/dL) 64.6 19.3
HDL-cholesterol (mg/dL) 35.7 5.9
Triglycerides (mg/dL) 82.6 25
Baseline FMD (%) 11.18 2.8
Nutritional intake (kcal) 1859 588
Carbohydrates intake (g) 322 122
Protein intake (g) 69.8 24.1
Fat intake (g) 32.8 2.3
SFA intake (g) 10.6 1.7
MUFA intake (g) 9.3 2
PUFA intake (g) 5.2 1.9
Cholesterol intake (mg) 296 183

Intake, mean total daily intake; SFA, saturated fatty acid;
MUFA, monounsaturated fatty acid; PUFA, polyunsaturated
fatty acid.
Table 2 Biochemical characteristics of the oils

Olive oil Palm oil Soybean oil

Fresh 10 DFL 20 DFL Fresh 10 DFL 20 DFL Fresh 10 DFL 20 DFL

SFAs (%) 14.28 14.81 15.18 43.6 43.97 44.2 16.24 17.48 17.4
MUFAs (%) 77.77 77.7 78.35 46.4 46.03 46.37 24.4 25.7 25.53
PUFAs (%) 6.55 6.37 5.32 9.97 9.46 9.39 52.78 50.84 51.11
Peroxide index

(mEq O2/kg)
16.28 31.97 23.42 0.65 23.56 24.87 1.25 30.12 48.12

Acidity
(% as oleic acid)

0.5 0.47 1.04 0.1 0.14 0.18 0.1 0.2 0.21

Iodine index
(g/100 g)

84.5 83.68 81.44 59.01 58.27 58.9 130.3 124.9 123.8

Polar compounds (%) 1.19 5.82 6.7 5.16 5.78 8.27 5.06 6.17 8.61

DFL, deep-fry level; SFAs, saturated fatty acids; MUFAs, monounsaturated fatty acids; PUFAs, polyunsaturated fatty acids.
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(27 � 30%) 3 h after each meal intake. No acute
changes were observed in glucose, TC, LDL-C,
HDL-C or leukocytes after the administration of
the different oils independently of its type or
deep-fry level.

Blood pressure, heart rate, fasting and post-
prandial baseline arterial diameter (BAD), peak
hyperemic arterial diameter (PAD), peak hyper-
emic flow (PHF) and FMD results are presented in
Table 4. It was found that the different meals
caused no acute change in basal brachial artery
diameter (3.1 � 0.3 mm fasting vs. 3.1 �0.03 mm
postprandial; p ¼ 0.91), Fig. 1. There was a signifi-
cant and constant decrease in FMD 3 h after each
meal intake (32.1 � 21.6%) (p < 0.00001) indepen-
dently of the type of oil used for the preparation of
the meal (ANOVA ¼ 0.44) or the deep-fry level
(ANOVA ¼ 0.62). There was no significant correla-
tion between postprandial changes in serum trigly-
cerides and changes of FMD (r ¼ �0.22, p ¼ 0.09).

Discussion

Although the three kinds of vegetable oils used in
the meals have different compositions of fatty
acids and saturation levels, the deep frying process
(10 and 20 levels) seems to have similar deleteri-
ous effects on the biochemical characteristics of
each oil. These effects were particularly evident in
parameters like polar compounds, acidity and
peroxide index, which are markers of oil thermox-
idation. However, all the oils administered fulfilled
the biochemical parameters accepted by the Food
Safety and Inspection Service of the United States
Department of Agriculture (USDA/FSIS) for human
consumption [22].

Fasting FMD was similar to that previously de-
scribed and validated for a healthy Colombian
population [23]. The significant decrease in post-
prandial FMD agreed with previous studies that
linked high-fat content meals with an acute
impairment of the endothelial function [24].

It has, however, been suggested that the de-
crease in postprandial FMD after a high-fat meal is
due to an increase in the basal artery diameter
related with a postprandial peripheral vasodila-
tion, resulting in a lower FMD response [25,26]. We
have found no differences between the preprandial
and the postprandial baseline brachial artery
diameter among the different types of meals/oils
used. Thus, it is unlikely that the postprandial
decrease in FMD observed in our subjects is due
to postprandial vasodilation. Moreover, our find-
ings suggest a comparable deleterious effect of
all the meals ingested on the endothelial
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vasodilating function. An acute decrease in FMD
after the ingestion of a meal prepared with fat
rich in oxidized fatty acids, but not after a meal
containing the corresponding unused fat, has pre-
viously been reported [13]. Vogel et al. [27]
showed that the ingestion of fresh olive oil (but
not canola oil or salmon fat) acutely impairs endo-
thelial function. Nevertheless, other studies con-
ducted in healthy subjects reported that the
ingestion of thermally oxidized safflower and olive
oils do not acutely affect FMD [28]. More recently,
West et al. [29] reported that a meal containing
50 g of either plant or marine derived fatty acids
improves endothelial function. These contradicto-
ry results could be due to differences in the meth-
odological design of the studies, the age, gender,
ethnic background and metabolic status of the
subjects, or to differences in the biochemical com-
position of the oils used in the high-fat meal.

The subjects in our study were relatively
young (around 20 years old), healthy, Hispanic,
normotensive; with normal weight and an equili-
brated diet; their glycemia and plasma lipid pro-
files were also normal. In these subjects, all the
three different oils used (palm, olive and soy-
bean), with various degrees of deep-fry cooking
levels, produced an acute detrimental effect on
the endothelial function. As discussed above, re-
gardless of the different fatty acid composition
or saturation level, the deep-frying process pro-
duced a similar thermoxidation that explains the
detrimental effect on FMD.

It has been proposed that the acute effect of
fatty meals on endothelial function is due to an
increased oxidative stress and its effect on NO

Figure 1 Postprandial change in FMD after high-fat
meals prepared with different kinds of oils and deep-
fry levels (mean � SD).
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availability rather than a specific effect of post-
prandial hyperlipoproteinemia on the endothelial
function [30,31]. This proposal is supported by sev-
eral studies demonstrating that concomitant ad-
ministration of fatty meals and antioxidants such
as vitamins C or E [32], red wine [33] and black
grape [34] can reduce the impairment in endothe-
lial function following a high-fat meal by increas-
ing NO availability.

While saturated fat-rich meals have a recog-
nized pro-atherogenic activity [35], Mediterranean
diets, which are rich in mono- and polyunsaturated
fatty acids, have been associated with lower car-
diovascular risks [36]. The repeated deep frying
process has a proven deleterious effect on the sta-
bility of PUFAs and other biochemical parameters
of vegetable oils (such as acidity, presence of polar
compounds and peroxide index), and has been
linked to an increase in the presence of free radi-
cals [37].

Our results showed that 10 and 20 deep-fry
levels (80 and 160 min of deep frying, respectively),
caused a change in the biochemical parameters of
the oils. Even though olive and soybean oils have
a higher ratio of unsaturated fatty acids than
palm oil, and unsaturated fatty acids are more sus-
ceptible to thermoxidation, all the three different
vegetable oils had a similar response to repeated
deep frying and caused the same acute effect on
endothelial function, showing that there are no
differences between the three kinds of vegetable
oils at the frying levels tested. However, the harm-
ful acute effects of oil intake on the endothelial
function were also detected with the administra-
tion of fresh oil. Thus, these results suggest a direct
acute effect of the fatty meals on the endothelial
function.

Our results showed that the only biochemical
parameter that had a significant acute change
after each high-fat meal was TG. Postprandial
hypertriglyceridemia and elevated levels of fatty
acids [38] have been linked with endothelial dys-
function. Vogel and coworkers reported an inverse
relationship between the 2-h increase in triglycer-
ides and postprandial FMD after a high-fat meal
[24]. However, we found no correlation between
increases in triglycerides and postprandial endo-
thelial impairment. A previous study demonstrated
that endothelial function remains unchanged with
an acute increase in plasma triglycerides after in-
fusion of a lipid emulsion [39].

These contradictory results suggest that differ-
ent mechanisms could be linked to the acute
effects of a fatty meal over FMD. The influence
of factors such as the oil preparation process, the
subject’s metabolic conditions, or even the ethnic
or regional differences, in the acute endothelial
response to fatty meal remains to be determined.

In conclusion, our results have demonstrated
that the deep-frying process causes a comparable
change in the biochemical characteristics of palm,
olive or soybean oils. Moreover, all the high-fat
meals prepared with fresh or cooked oils produced
a similar detrimental acute effect in the endothe-
lial function independently of the type of oil used or
its deep-fry level. These results suggest that it is
necessary to reevaluate the cost-effectiveness re-
lationship of different disposable vegetable oils,
considering that their preparation in South America
and Asia [40] is different from their traditional fresh
use in Europe. Finally, nutritional efforts should
always be focused on the modification of dietary
habits through the promotion of antioxidant rich
product consumption instead of the commercially
influenced selection of vegetable oils [17].
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