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ABSTRACT

Background: A Mediterranean eating pattern and diet
enriched in monounsaturated fatty acids may result in a
favourable daylong lipid profile.

Methods: 19 Spanish males (aged 32 + 8 years) and 28
females (34 + 8 years) were matched to Dutch subjects on
the basis of fasting capillary triglycerides (TGc), gender
and age. TGc were self-measured at six fixed time points
over three days. Daylong TGc profiles were calculated as
areas under the curve (TGc-AUC).

Results: Anthropometric parameters and fasting plasma
lipids were comparable between Spanish participants and
Dutch subjects. Insulin sensitivity (expressed as HOMA)
was highest in the Dutch females (1.41 + 1.09 vs 2.09 + 1.23
in the Spanish females, p<o.05). Daylong TGc values were
not different between Spanish and Dutch participants.
Male Spanish subjects showed the largest daylong TGc
increase after lunch, while in the Dutch males, the largest
TGc increase was seen after dinner. Total daytime dietary
energy and total fat intake were comparable when analysed
by gender. However, the Spanish participants had a higher
intake of monounsaturated and polyunsaturated fatty
acids as percentage of energy.

Conclusion: There are no major differences in daylong
triglyceridaemia between Dutch and Spanish subjects,
despite different eating habits and a diet enriched in
monounsaturated and polyunsaturated fat in the latter.

INTRODUCTION

Coronary heart disease (CHD) is the major cause of death
in Western populations.’ Due to different lifestyles and

genetic background, there are large geographical differences
in CHD mortality.” Dyslipaemia plays an important role in
the development of atherosclerosis. However, approximately
40 to 50% of all premature atherosclerosis develops in
fasting normolipidaemic individuals.*® Since triglycerides
(TG) are highly variable during the day due to food
intake, and humans are in a postprandial state for the
most part of the day, postprandial triglyceridaemia could
be a concealed risk factor for CHD. Indeed several studies
have demonstrated delayed clearance of TG-rich particles
and their direct relation with atherosclerotic disease in
different patient groups.’”*°

Recently it was shown that CHD patients on a
Mediterranean diet had a 50 to 70% reduction of cardiac
endpoints when compared with people who did not
receive dietary recommendations, and that this effect was
independent of fasting plasma lipids."" A Mediterranean
diet, which is enriched in unsaturated fatty acids, could
have beneficial effects on postprandial TG when compared
with a Northern European diet.”"* This may be either
indirectly via reduction of fasting TG and therefore less
remnants of TG-rich lipoproteins, or directly by improved
metabolism of postprandial lipoproteins containing
unsaturated fatty acids."* On the other hand, there are also
studies showing undesirable effects of the Mediterranean
diet on postprandial TG.”>"® In addition, it has been shown
that, after a similar test meal, people from Mediterranean
countries have accelerated postprandial TG clearance
when compared with Northern Europeans.” This may
suggest increased lipolytic activity or decreased intestinal
absorption of lipoproteins.” Furthermore, the different
eating patterns of people from Mediterranean countries, e.g.
the main meal in the afternoon instead of the evening,
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could be beneficial with regard to postprandial TG. It is
known that TG from an oral fat load given in the evening
are cleared at a slower rate compared with the same fat
load given in the morning.™

All the above-mentioned studies have assessed postprandial
triglyceridaemia after a standardised oral fat load. In real
life there are generally three eating occasions throughout
the day with lower food intakes than the single oral fat-
loading test. Recently, ambulant self-measurement of
capillary TG (TGc) was described to study postprandial
lipaemia in a free-living situation.'>*? Using this technique
we have confirmed reports in metabolic ward conditions
showing postprandial hyperlipidaemia in males com-
pared with females,” in obesity,* in diabetes mellitus
type 2> and in patients with premature CHD.>® We have
previously shown that diurnal TGc profiles correlate well
with standardised oral fat-loading tests that are regarded
as the golden standard for testing of TG metabolism."
Major determinants of diurnal TGc profiles are gender,
insulin sensitivity and age, besides fasting TGc.
Furthermore, we have described positive associations
between increments in diurnal TGc and the carbohydrate,
protein and total energy content of the diet, whereas fat
intake determined the total but not incremental TGc
response.'**?

Geographical differences, including a different genetic
background, lifestyle and diet, may affect daylong
triglyceridaemia. We studied daylong TGc in healthy
normolipidaemic subjects from Spain and the Netherlands
in an uncontrolled out-of-hospital setting. Since fasting
TGc have been shown to be the best predictor of daylong
triglyceridaemia,'*** Spanish and Dutch subjects were
matched for fasting TGc. In addition, determinants of the
daylong TGc profiles were evaluated.

METHODS

Subjects

Healthy normolipaemic volunteers from the Departments
of Internal Medicine in Utrecht (the Netherlands) and
Valencia (Spain), aged 20 to 55 years, were recruited by
advertisement. Exclusion criteria were fasting plasma
cholesterol concentration >6.5 mM, fasting plasma TG
concentration >2.3 mM, body mass index (BMI) >30 kg/m?,
smoking, renal or liver disease, diabetes mellitus, use of
lipid-lowering medication, menopause or a postmenopausal
state, and a family history of premature myocardial
infarction (males <55 years, females <G5 years) or type 2
diabetes mellitus. On the morning of inclusion, anthro-
pometric measurements were performed using standard
techniques. The Spanish subjects were matched to Dutch
subjects on the basis of gender, age and fasting TGc. All
subjects gave written informed consent before participating.

The study was approved by the Independent Ethics
Committee of Institutional Review Board of Utrecht
University Medical Centre (the Netherlands) and Valencia
University Hospital (Spain).

Self-measurements of TGc

TGc was self-measured with a TG-specific point-of-care
testing device (Accutrend GCT; Roche Diagnostics,
Mannheim, Germany)'**"* after the subjects had received
instructions from the same investigator. Subjects were
instructed to wash and dry their hands thoroughly before
each measurement. A drop of blood (30 wl) obtained
from the finger using a lancing device was applied to the
test strip in the device. Subsequently, TGc was measured
by a process of dry chemistry and colorimetry. If there
was not enough blood on the test strip, subjects were
asked to repeat the measurement. The reference range
for TGc is 0.80 to 6.86 mM. In a previous study, the
coefficients of variation for different TGc concentrations
ranged from 3.3 to 5.3%.* The correlation coefficient
between TGc using the device and plasma TG according
to enzymatic methods is 0.94.”" Similar results were
obtained in our laboratory.’9**

Subjects were instructed to measure their TGc concentrations
on three different days (preferably Monday, Wednesday,
and Friday; not in weekends) at the following six time
points: fasting, before and three hours after lunch and
dinner, and at bedtime. The three-hour postprandial
measurements were performed exactly three hours after
the meals, regardless of the intake of snacks, and the
results were recorded in a diary. Subjects were requested
to refrain from heavy physical activity, although normal
daily activities such as riding a bike to work, were
allowed. When one or more measurements were missing
for a day, the data for that particular day were not used to
create an average daylong TGc profile. The mean daytime
TGc profile was used for statistical analysis.

Dietary intake

Dietary intake was recorded in the same diary in which
the TGc concentrations were written. Subjects received
no recommendations concerning the frequency and
composition of the meals and were requested to consume
their usual diet during the study. Quantities of intake
were estimated according to instructions given by a
dietician and by using a table with standardised portion
sizes.”” Other details, such as illness, were also recorded
in the diary. The diaries were evaluated by a trained
physician together with each subject. Foods consumed
were converted into nutrients by using the Dutch
Nutrient Database®® and nutrition tables for Spain.*®
Dietary intakes were compared with the average diet in
the Netherlands®*® and in Spain.® Dietary intakes were
calculated per day and as an average of two or three days.
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Analytic determinations

On the morning of inclusion, after an overnight fast of at
least ten hours, blood was collected for measurement of
plasma lipid, insulin and glucose concentrations. Total
cholesterol, HDL cholesterol obtained after precipitation
with Phosphotungstate/MgCl, and TG were measured in
duplicate by colorimetric assay with the CHOD-PAP and
GPO-PAP Kkits, respectively (Roche diagnostics,
Germany).”?" LDL cholesterol was calculated using the
Friedewald formula. Glucose was measured by glucose
oxidase dry chemistry and colorimetry (Vitros GLU slides;
Johnson & Johnson, Clinical Diagnostics, Rochester, NY),
insulin was measured using a competitive radioimmuno-
assay with polyclonal antibodies. The HOMA index
(homeostasis model assessment = glucose*insulin/22.5)
was calculated to estimate insulin sensitivity.>* All clinical
chemistry determinations were performed at the laboratory
of clinical chemistry of Utrecht University Hospital.

Statistics

Data are given as mean + SD in the text and tables and as
mean + SEM in the figure. Daytime TGc profiles were
calculated as total and incremental (after correction for
fasting TGc) areas under the curve (TGc-AUC and dTGe-

Table 1

AUC, respectively). Dietary intakes and AUCs were calculated
by using averages over two or three days. Differences in
dietary intakes or TGc-AUC between three separate days
were tested by paired ¢ test. Differences between the study
groups were tested with an unpaired Student’s t test.
Individual time points of daylong TGc were compared back
to baseline by a 1-factor RM ANOVA, using time as within-
subject factor, with Bonferroni adjustment for multiple
comparisons. All comparisons were performed by gender
because, after fasting TGc, this is the major determinant of
daylong TGc." To study variables associated with TGc-AUC
and dTGc-AUC, univariate correlations were calculated
using Pearson’s correlation coefficients. Stepwise multiple
regression analysis was performed with TGc-AUC and
dTGc-AUC as dependent variables and with the significantly
associated variables identified by univariate regression
analysis as independent variables. Plasma TG, insulin and
the HOMA index were analysed after logarithmic trans-
formation because of the nonparametric distribution. SPSS
version 10.0 (SPSS Inc, Chicago) was used for the statistical
analysis. Areas under the TGc curve were calculated with
PRISM version 3.0 (Graph Pad Software, San Diego) by
using non-logarithmically transformed TGc concentrations.
Statistical significance was set at p<o.05 (two-sided).

Baseline characteristics (mean (SD)) and daylong triglycerides of the study group (20 to 55 years, n=94)

SPANISH MALES

DUTCH MALES

SPANISH FEMALES DUTCH FEMALES

(N=19) (N=19) (N=28) (N=28)
Age (years) 32 (8) 33 (11) 34 (8) 34 (9)
Length (m) 1.76 (0.05) 1.83 (0.08) T 1.63 (0.05) L 69 (o 06)
Weight (kg) 78 (11) 79 (10) 6o (8) 65 (8)
BMI (kg/m?) 24.9 (3.0) 23.4 (2.8) 22.7 (2.5) 22.7 (2.5)
Waist (m) 0.87 (0.10) 0.83 (0.08) 0.75 (0.08) 0.74 (0.08)
WH 0.90 (0.05) 0.86 (0.07) 0.79 (0.06) 0.77 (0.05)
Plasma TG (mM) 1.17 (0.65) 1.33 (0.48) 0.76 (0.35) 0.75 (0.37)
Cholesterol (mM) 4.73 (1.01) 5.01 (0.76) 4.90 (0.92) 4.32 (0.89) *
LDL cholesterol (mM) 3.00 (0.91) 3.17 (0.89) 3.16 (0.80) 2.46 (0.64) *
HDL cholesterol (mM) 1.19 (0.18) 1.24 (0.29) 1.42 (0.24) 1.52 (0.38)
Glucose (mM) 5.4 (0.5) 4.9 (0.8) T 4.9 (0.5) 5.3 (0.6)
Insulin (1U/1) 7.1 (3.1) 8.4 (3.8) 6.3 (4.7) 8.9 (4.9) *
HOMA 1.72 (0.78) 1.85 (0.90) 1.41 (1.09) 2.09 (1.23) *
TGe-fasting (mM) 1.44 (0.52) 1.42 (0.49) 115 (0.29) 1.12 (0.29)
TGc-AUC (mM*h/1) 27.2 (8.9) 26.7 (9.3) 19.9 (5.8) 17.3 (6.0)
dTGe-AUC (mM*hl) 7.0 (7:) 77 (5:2) 3.9 (4.0) 3.2 3.9)
dTGc pre-3h postlunch (mM) 0.92 (0.82) 0.48 (0.81) 0.13 (0.59) 0.15 (0.65)
dTGc predinner-bedtime (mM) 0.12 (0.85) 0.44 (0.83) 0.08 (0.86) -0.03 (0.31)

WH = waist-to-hip ratio, HOMA = homeostasis model assessment, TGc = capillary triglycerides, TGc-AUC and dTGc-AUC = total and incremental area
under the TGc curve, dTGc pre-3h postlunch = TGc change from lunch to three hours after lunch, dTGc predinner-bedtime = TGc change from dinner to bed-

time, Student’s t test = " p<o.05, 7T p<o.005 Spanish vs Dutch males, *

* p<o.os, *

¥ p<0.005 Spanish vs Dutch females.
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RESULTS

Subject characteristics

In total 100 subjects (50 in each country) were screened
for inclusion. Six subjects were excluded due to elevated
BMI (n=2), smoking (n=2) and a positive family history
for premature atherosclerosis (n=2). Data are shown per
gender and ethnicity (table 1). The Dutch participants
were taller than the Spanish; however, body mass indexes
were not different. Fasting plasma lipid values were within
normal limits and comparable between the groups, except
for a higher fasting total plasma cholesterol due to higher
LDL cholesterol in the Spanish females when compared
with Dutch females. As a result of differences in fasting
glucose and insulin, insulin sensitivity was higher in the
Dutch females when compared with the Spanish females.
Four of the Spanish females and 12 of the Dutch females
were on oral contraceptives.

Self-measurements of TGc and dietary intake

Mean fasting TGc values were not different between
Dutch and Spanish participants (table 1). In the males all
daylong TGc values, except TGc before lunch, were higher
than at baseline (figure 1, upper panel). In the Spanish
females, all postprandial TGc measurements were higher
than at baseline, while in the Dutch females only TGc’s
after dinner were higher than at baseline (figure 1, lower
panel). In the Spanish males, the largest TGc increment
was observed after lunch (table 1); however, this increase
was not higher than that in the Dutch males (p=0.1), while
in the Dutch males the largest TGc increment was seen
after dinner (table 1). In both groups of males, there was no
TGc decline at bedtime. The differences in daylong TGc
increments in the males did not result in different total
and incremental AUCs (table 1 and figure 1). In both groups
of females, small gradual daylong TGc increments were
seen that did not result in different total and incremental
AUCs (table 1 and figure 1). Subanalysis of TGc-AUC and
dTGc-AUC according to the use of contraceptives did not
show significant differences in the Spanish or Dutch women
(data not shown). Both total and incremental TGc-AUC were
higher in males compared with females in the Spanish as
well as in the Dutch participants (p<o.05 for all comparisons,
table 1). When fasting TGc, TGc-AUC and dTGc-AUC were
compared between the two ethnic groups; this did not
result in statistically significant differences (data not shown).
In the males the total energy intake was comparable;
however, the Spanish males had a higher monounsaturated
and polyunsaturated fat intake and ingested more choles-
terol, when compared with Dutch males (table 2). The
females showed a comparable total energy intake.
Similarly to the Spanish males, the Spanish females had
a higher intake of monounsaturated fat and cholesterol
when compared with the Dutch females (table 2).
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Figure 1

Mean (+ SEM) daylong capillary triglycerides (TGc) in
Spanish (n=19, closed circle) and Dutch males (n=19,
open circle), [upper panel] and in Spanish (n=28, closed
square) and Dutch females (n=28, open square), [lower
panel]. Between group differences (unpaired Student’s t
test for total and incremental AUCs): p=ns for both fig-
ures. Differences back to fasting (repeated measures
ANOVA): *p<o.05, ** p<0.005.

Determinants of daylong TGc

When all subjects were analysed together, TGc-AUC was
significantly related to fasting TGc and plasma TG (r=0.73
and 0.65 respectively, p<o.oo1 for each), waist-to-hip ratio
(r=0.43, p<o.0oo1), cholesterol (r=0.31, p<o.00s), HDL
cholesterol (r=-0.30, p<0.005) and HOMA (r=0.22, p<0.05).
From all dietary parameters, total energy intake (r=0.29,
p<o.o1), total intake of carbohydrates (r=0.32, p<0.005),
total MUFA intake (r=0.26, p<o.01), total alcohol intake
(r=0.28, p<o.01) and protein intake as percentage of energy
(r=-0.28, p<o.0o1) were significantly related to TGc-AUC.
Stepwise multiple regression revealed fasting TGc as best
predictor (standardised f=o0.72) explaining 51% of the
TGc-AUC (p<o.0o1), the model improved significantly
when carbohydrate intake, ethnicity and gender were
entered (adjusted r’=0.62, p<o.oo1).
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Mean (SD) dietary intake of the study group (20 to 55 years, n=94)

SPANISH MALES

DUTCH MALES

SPANISH FEMALES

DUTCH FEMALES

(N=19) (N=19) (N=28) (N=28)

Energy (K)) 10832 (1950) 11288 (2435) 7954 (2414) 8577 (1766)
Total fat (g) 108 (25) 96 (24) 81 (29) 83 (26)

(% of energy) 374 (5.1) 32.4 (4.8) T 38.1 (4.0) 36.2 (6.4)
Saturated fat (g) 41 (14) 36 (11) 30 (12) 32 (10)

(% of energy) 14.2 (3.3) 12.0 (2.8) T 14.T (2.4) 13.9 (3.0)
MUFA (g) 45 (9) 38 (9) T 35 (13) 31 (9)

(% of energy) 16.0 (2.8) 12.8 (2.1) 77 16.9 (3.1) 13.4 (2.8)
PUFA (g) 18 (6) 14(4) 1 (5) 14 (8)

(% of energy) 6.2 (1.8) 4.9 (r.2) © 5.5 (1.9) 6.0 (2.3)
Carbohydrates (g) 294 (65) 314 (64) 215 (73) 235 (56)

(% of energy) 455 (6.4) 478 (5-5) 45-0 (5.9) 47-0 (7:2)
Protein (g) 101 (23) 105 (22) 76 (19) 79 (16)

(% of energy) 15.7 (2.8) 15.9 (1.9) 16.5 (2.8) 15.9 (2.0)
Cholesterol (mg) 456 (213) 217 (92) 11 345 (179) 183 (67)
Alcohol (g) 6.7 (8.6) 19.8 (28.5) 2.4 (5.2) 6.8 (7.3) *

MUFA = monounsaturated fatty acids, PUFA = polyunsaturated fatty acids, Student’s t-test = 7 p<o0.05, 1 p<o.005 Spanish vs Dutch males, * p<o.05,

# p<0.005 Spanish vs Dutch females.

The dTGc-AUC of the total study group was significantly
associated with fasting TGc and plasma TG (r=0.20 and
0.40 respectively, p<o.os for each), waist (r=0.21, p<0.05),
cholesterol (r=0.26, p<o.01), HOMA (r=0.23, p<0.05) and
diastolic blood pressure (r=-0.36, p<0.05). From all dietary
parameters, total carbohydrate and total alcohol intake
(r=0.27 for both, p<o.o1 for each) and protein intake as
percentage of energy (r=-0.25, p<0.05) were significantly
related to dTGc-AUC. The best model to predict dTGc-AUC
included gender only (standardised B=-0.66), predicting
42% of variation (p<o.001).

DISCUSSION

A Mediterranean diet consists of a higher amount of
monounsaturated fatty acids when compared with a
Northern European diet,” as was also observed in the
present study, in particular in the male subjects. In the
Lyon Diet Heart Study, the Mediterranean diet had an
impressive beneficial effect on cardiovascular complications,
despite unchanged fasting lipids, suggesting an alternative
mechanism as for instance postprandial lipaemia.”
However, there is controversy about the beneficial effects
of unsaturated fatty acids on postprandial triglyceridaemia.
Some studies have shown a reduction of postprandial
TG, whereas others have shown the contrary.”> In all
these studies, unphysiological oral fat-loading tests were
used to study postprandial lipaemia. In the present study,
in a nonstandardised setting reflecting the normal daily

situation, we were not able to detect differences in daylong
triglyceridaemia between Spanish and Dutch participants,
despite a higher monounsaturated and polyunsaturated
fat intake in the Spanish groups, while anthropometric and
baseline laboratory values were similar and the dietary
intakes reflected that of the general population.?”2%3°
Therefore, the effects of this diet on postprandial
lipaemia in real life may be questioned. It could be quite
possible that the beneficial effects of unsaturated fatty
acids on the process of atherosclerosis depend on other
mechanisms than postprandial lipaemia. In this regard,
inhibition of endothelial activation by unsaturated fatty
acids has been described” and others have shown
improvement of postprandial endothelial function by
antioxidant-rich components of the Mediterranean diet.>*
On the other hand, certain polyunsaturated fatty acids,
such as eicosapentaenoic acid (EPA) and docosahexaenoic
acid (DHA), which are believed to be beneficial with regard
to CHD% and lipid metabolism,*® may be unequally distri-
buted among the two ethnic groups that we have studied.
Unfortunately, we were not able to calculate these fatty
acids separately in the present study due to the software
used. It was, however, remarkable that the intake of dietary
cholesterol was higher in the Spanish subjects than in the
Dutch participants. A high dietary cholesterol may increase
plasma cholesterol levels,” but effects on triglyceridaemia are
unlikely since in another study no TG change was observed
in type 2 diabetes patients after cholesterol supplementation.’”’
Furthermore, as we already observed, we have never
found a correlation between dietary cholesterol and
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daylong triglyceridaemia in our previous studies.’#***
Daylong triglyceridaemia was similar in both groups;
however, the male Spanish participants showed the
largest TGc responses after lunch while in the Dutch
males this was seen after dinner. It is known that in
Mediterranean countries most people have their main
(hot) meal at noon, while this is uncommon in West
European countries. The timing of the major meal could
be of importance for the total daylong triglyceridaemia.™
Assuming a difference in eating pattern between the
Spanish and Dutch subjects, we did not observe beneficial
effects on daylong triglyceridaemia. This suggests that the
number of atherogenic chylomicron remnants generated
by each meal may have been similar in both groups.
Daylong triglyceridaemia was relatively low and comparable
in the Spanish and Dutch premenopausal females. However,
in the Spanish females there was a more pronounced
postprandial TGc increase. The lower insulin sensitivity in
the Spanish females may have caused the small difference
in daylong TGc. However, in previous studies in Dutch
subjects, we have shown that insulin sensitivity affects
daylong TGc more in males than in females.” In the
present study we did not correct for the phase of the
menstrual cycle, since it is unlikely that the oestrogen
status of the premenopausal women influenced our results.
It has previously been shown that in premenopausal
women, despite fluctuations in plasma TG during the
menstrual cycle, overall intraindividual TG variability was
comparable with that of men.3® It should be underlined
that a subgroup of the female participants were on oral
contraceptives. We can not rule out that this may have
affected daylong triglyceridaemia. However, we do not
believe this to be the case since a subanalysis did not
show differences in daylong triglyceridaemia.

Table 1 suggested that fasting plasma TG were lower than
capillary TG. We have previously shown that in a direct
comparison TGc are slightly higher than plasma TG.**
Secondly, plasma TG given in table 1 represented a single
measurement, whereas TGc comprised the average of
three measurements at different days. Since TG are highly
variable within individuals, repetitive measurements
may have reduced the variation. Thirdly, plasma TG was
determined on the day of inclusion after an overnight fast
of at least ten hours, whereas TGc was self-determined
without prior overnight restrictions since this measurement
was intended to represent real-life fasting TG.

Ethnicity was one of the predictors of daylong TGc in the
present study; however, the predictive value was much
weaker than that of fasting TGc, and total and incremental
triglyceridaemia were not different between Spanish and
Dutch subjects. Nevertheless, with the present study we
cannot exclude that genetic differences may have influenced
the results. It is well known that the apolipoprotein E gene
and many other genes can influence postprandial lipoprotein

metabolism.* In this regard a novel gene, the apolipoprotein
AV gene, has very recently been linked to daylong TGc.*°
In addition, differences in the activity of lipolytic pathways
such as lipoprotein lipase and hepatic lipase could have
influenced the data. Unfortunately we were not able to
study differences in genotypes and activity of lipolytic
enzymes. Furthermore, it is known that physical activity
enhances lipolysis.* In the present study only normal daily
activities were allowed on the days of TGc self-measurement.
We did not quantify separately the daily activity.

In conclusion, there are no major differences in daylong
triglyceridaemia between Dutch and Spanish subjects,
despite different eating habits and a diet enriched in
monounsaturated fat in the latter.
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