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1. Introduction

ABSTRACT

Objective: Epidemiologic studies suggest that elevated postprandial triglycerides (ppTG) are associated
with future cardiovascular events. Monocyte activation plays an important role in vascular diseases.
Omega-3 fatty acids (n3-FA) lower fasting TG levels. The effects of n3-FA on ppTG and the role of ppTG for
monocyte activation are insufficiently understood.
Methods and results: 23 healthy volunteers and 30 non-diabetic patients with documented coronary
artery disease were subjected to an oral TG tolerance test (OTTT) consisting of 80 g cream fat or to water
as control (H,0). Patients were treated with 4 g n3-FA/day or placebo for 3 weeks in a randomized,
placebo-controlled, double-blind, crossover study. Relative postprandial TG increase reached its
maximum 4 h after fat intake (185.1 & 10.9% of baseline). n3-FA reduced fasting TG from 137.1 + 12.9 to
112.2 4 8.6 mg/dl (p < 0.05), and maximum ppTG concentrations from 243.6 + 24.6 to 205.8 + 17.1 mg/dl
(p < 0.05), while relative TG increase (192.8 + 12.7%) was comparable to placebo. Relative mono-
cytopenia and neutrophilia were detected following fat intake, which was unaffected by n3-FA and also
detectable in the H,O group. Serum chemotactic cytokine (MCP1 and fractalkine) concentrations and
monocyte migration were not affected by fat intake or n3-FA. Monocyte activation markers CD11b and
CD14, monocyte subpopulations CD167CD14M&" and CD167CD14°Y, SICAM serum levels and markers of
oxidative stress remained unchanged by fat intake or n3-FA.
Conclusion: The postprandial TG increase does not stimulate monocytes beyond their circadian activation
patterns. n3-FA reduce fasting TG and the postprandial TG increase. n3-FA may therefore allow to
prospectively study whether selected patients benefit from TG-lowering independent of LDL- and HDL-
cholesterol.

© 2012 Elsevier Ireland Ltd. All rights reserved.

prognostic benefit of selective TG-lowering remains a matter of
debate and has never been tested in a prospective study [3].

Serum lipids and inflammatory cells contribute to the patho-
genesis of atherosclerosis. While the causal role of LDL-cholesterol
in the development of atherosclerotic plaques is well established,
the role of triglycerides (TG) in the pathophysiology and epidemi-
ology of vascular disease is less clear [1]. There is an association
between fasting serum TG and the incidence of cardiovascular
events, however, the extent of this association is heterogeneous
between studies and lost in multivariable analyses [2]. The
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Mechanistic studies point towards a direct effect of triglyceride-
rich lipoproteins and chylomicron remnants on the vascular wall
[1]. Hydrolysis of TG-rich lipoproteins (TRL) yields small
cholesterol-enriched remnant lipoprotein particles that have been
shown to exert atherogenic effects and the lipolysis of TG-rich
lipoproteins along the vessel wall produces potentially toxic
oxidized fatty acids [1]. Many years ago, atherosclerosis was sug-
gested to be a postprandial disease [4]. In fact, recent epidemiologic
studies (Women’s Health Study [5], Copenhagen City Heart Study
[6]) suggest that postprandial (ppTG) rather than fasting TG are
associated with cardiovascular events in primary prevention.
Circulating inflammatory cells, particularly monocyte activa-
tion, play an important role in lipid-mediated vascular diseases [7].
Mononuclear cells become attracted to sites of plaque formation via
specific chemokines and bind to endothelial adhesion molecules.
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An inflammatory environment contributes to the progression and
destabilization of the atherosclerotic plaque and monocyte func-
tional state may influence the severity of atherosclerotic vascular
disease [8]. Uncontrolled studies of healthy volunteers report an
activation and enhanced adhesion of monocytes following hyper-
triglyceridemia [9—11].

Omega-3 fatty acids (n3-FA) at a higher dose (3—4 g daily) are
known to lower fasting TG levels by about 30% [12], while their
effects on non-fasting, postprandial TG (ppTG) metabolism have
not been systematically characterized in non-hyperlipidemic
patients with coronary artery disease (CAD). N3-FA have been
described to have anti-inflammatory effects in blood monocytes
[13]. Therefore, this study aimed to investigate ppTG following
treatment with n3-FA and to dissect the effects of ppTG on
monocyte activation as a possible mechanism of TG-stimulated
atherosclerosis using a standardized test protocol in controls and
CAD patients.

2. Methods
2.1. Subjects

This study was approved by the institutional medical ethics
committee (Nr. 170/07), and informed consent was obtained from
all participants. First, 23 healthy volunteers were enrolled. Subjects
exhibited no signs of cardiovascular, inflammatory or malignant
disease, had no lipid disorders and were not on continuous drug
treatment. In addition, 30 patients with angiographically docu-
mented stable CAD were studied. No CAD patient had diabetes as
confirmed by oral glucose tolerance test and HbA1c measurements.

2.2. Triglyceride tolerance test

Healthy controls and patients were subjected to an oral TG
tolerance test of 250 ml cream (OTTT) or to water as control (H,0)
in a crossover design. Ingested cream consisted of 80 g cream fat
(31.9—32.5 g per 100 ml), 5.75 g protein, 7.75 g carbohydrates and
0.1 g sodium. All study participants fasted overnight and drank
liquid cream or water at 8 o’clock in the morning. Blood was drawn
after a 5 min rest in supine position before (0 h) and 3, and 5 h
following fat load (controls) and at 0, 3, 4 and 5 h (patients) for
measurements of serum lipids and assessment of inflammatory
parameters.

The following parameters of triglyceride metabolism were
assessed: fasting TG concentration, absolute TG maximum, abso-
lute increase of TG (in mg/dl), relative TG increase (maximal TG/
fasting TGx100). Also, the TG curve was integrated to calculate the
5 h area under the curve (AUC). Furthermore, total and HDL-
cholesterol were measured.

2.3. Inflammatory and monocyte parameters

C-reactive protein and serum cortisol were assessed on a Cobas
8000 (Roche, Grenzach-Wyhlen, Germany), differential blood
counts were assessed on a XE-5000 (Sysmex, Norderstedt,
Germany). From 200 pl of blood drawn at each time point, flow
cytometric analysis of monocyte activation and composition was
performed. Blood was processed within 20 min after blood drawing
to avoid ex-vivo activation. Whole blood was stained using
monoclonal antibodies against CCR2 (RnD Systems, Wiesbaden,
Germany), CD14, CD11b, CD16, CX3CR1 (all Serotec, Diisseldorf,
Germany) at 4° for 45 min. Following red blood cell lysis and
washing, samples were subjected to fluorescence activated cell
sorting (FACS) analysis in a FACSCalibur (BD Biosciences, Heidel-
berg, Germany). Plasma concentrations of the chemotactic

cytokines MCP1 and fractalkine and soluble intercellular adhesion
molecule-1 (sICAM1) were determined using ELISA kits (RnD
Systems). Plasma oxidative stress was estimated by measuring
levels of 8-isoprostane (Cayman Chemicals, Tallinn, Estonia),
plasma lipid peroxidation was assessed in a TBARS (thiobarbituric
acid reactive substances) assay (RnD Systems) measuring malon-
dialdehyde (MDA). Migration of THP1 monocytes towards 10%
serum of study participants (diluted in RPMI cell culture medium)
was tested using a fluorometric cell migration assay (Innocyte,
Calbiochem, Darmstadt, Germany). To assess function of the test,
migration towards 20% foetal calf serum (FCS) was used as a posi-
tive control, 0% serum was used as negative control. Migrated cells
were quantified using a fluorescence reader (Infinite 200 pro,
Tecan, Mdnnedorf, Switzerland). Peripheral blood monocytes were
isolated using Ficoll density gradient centrifugation and immuno-
magnetic negative isolation as previously described [14]. Following
RNA-isolation and reverse transcription, mRNA expression of
inflammatory cytokines IL1b, IL6, TNFalpha and MCP1 were
measured using real-time RT-PCR.

2.4. Randomized crossover study design

30 non-diabetic patients with stable CAD were treated with 4 g
n3-FA/day or placebo for 3 weeks in a randomized, placebo-
controlled, double-blind, crossover study. Randomization was
performed by the pharmacy of the Universitdtsklinikum des Saar-
landes. N3-FA (Zodin®) was provided as red—brown soft capsules of
1 g by the manufacturer (Trommsdorff GmbH, Alsdorf, Germany).
Placebo capsules containing olive oil were made with identical look
by Pronova BioPharma, Lysakar, Norway. Placebo was tested to
contain no eicosapentaenoic or docosahexaenoic acid.

Patients in each group (n3-FA or placebo) were treated for 3
weeks. A three week washout phase was allowed before then
switching between n3-FA and placebo. The treatment drug con-
tained 92% omega-3 fatty acids (n3-FA), of which were 470 mg
eicosapentaenoic acids (EPA) and 371 mg docosahexaenoic acids
(DHA) and was administered as 2 x 2 tablets of 1 g each. Adherence
to study medication was assessed by pill counting. Before (day 0)
and after the 21 day treatment period (d21) with either n3-FA or
placebo, patients underwent OTTT including assessment of lipid
and inflammatory parameters as described above.

2.5. Statistical analysis

Continuous variables were tested for normal distribution by the
Kolmogorov—Smirnov test. Parameters were analysed in the rela-
tion to baseline following OTTT using repeated measures ANOVA. In
the patient study, differences between treatment groups were
analysed. Changes in triglyceride concentrations or inflammatory
parameters over time were compared between treatment groups
by general linear model for repeated measurements using Wilks
Lambda for overall and Dunett test for post-hoc comparisons. A p-
value <0.05 was considered significant. Statistical analyses were
performed with SPSS version 18.0.

3. Results
3.1. Healthy controls — effects of OTTT on monocyte activation

Healthy controls were 26.4 + 1.1 years old, 11 of them (48%)
were male, mean body mass index was 23.0 = 0.6 kg/m?. All
healthy volunteers completed the OTTT. Total cholesterol levels
were 174.6 + 8.4 mg/dl before OTTT, and remained unchanged in
the 5 h after fat load. Similarly, mean HDL- and LDL- (calculated
from Friedewald formula) cholesterol concentrations were
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unaffected by OTTT. Baseline HDL-cholesterol was 58.9 + 6.6 mg/dl,
LDL-cholesterol 99.3 + 8.6 mg/dl. Serum triglyceride concentration
was 89.7 4+ 8.1 mg/dl before OTTT and rose to a maximum of
155.5 + 13.3 mg/dl after 3 h (p < 0.001 compared to baseline, 73%
increase), before concentrations fell again but remained elevated at
5h(130.7 £ 12.3 mg/dl, p < 0.01 compared to baseline). No change
in serum triglycerides was observed in the group that received
water. Fig. 1 depicts the effects of OTTT on lipid levels in healthy
individuals.

To evaluate potential inflammatory effects of postprandial
lipids, we first evaluated leukocyte composition. Differential blood
count revealed neutrophilia, lymphocytopenia and monocytopenia
3 h after fat load. Neutrophil count rose from 3011 + 176 to
4116 + 252/ul (p < 0.001) 3 h after OTTT, but also from 3231 + 261
to 4172 + 538/ul in the control (H,0) group (p < 0.001). There was
no correlation between TG and neutrophils (data not shown).
Absolute lymphocyte counts decreased from 2611 + 187/ul before
to 1989 + 73/ul (p < 0.001) 3 h after OTTT, and from 2547 + 231 to
2109 + 118/ul in the control group (p < 0.05). Monocyte numbers
decreased from 537 + 33 to 487 + 34/ul (p < 0.01) 3 h after OTTT,
and from 557 + 35 to 453 + 38 in the control group (p < 0.001)
(Fig. 2).

Because of changes in leukocyte composition and their partic-
ular role in atherogenesis we next examined the effects of post-
prandial triglycerides on monocyte activation and subsets. We
could not observe relevant changes in the expression of the
surrogate activation markers CD11b or CD14 on monocyte surface
following OTTT. In the control group, expression of CD14 fell from
a mean fluorescence intensity (MFI) of 486 + 57 to 414 4+ 57
(p < 0.01). Neither the monocyte subpopulation CD167CD14!°%
(regenerative subtype) nor CD16"CD14"8" (inflammatory subtype)
was affected in the 5 h observation period following OTTT. To
investigate if diurnal regulating mechanisms could be the cause for
monocyte changes in the control group, we investigated serum
cholesterol concentrations, which fell during morning hours as
expected and were not affected by ppTG (Fig. 2).
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Fig. 1. Triglyceride tolerance test in healthy controls. Total (A), LDL- (B) and HDL-
cholesterol (C) were unchanged following oral triglyceride tolerance test in healthy
control subjects. Triglycerides increased to their maximum at 3 h following oral
triglyceride tolerance test (dark blue bars), which was absent in the control group
(light blue bars) (D). **p < 0.01, ***p < 0.001 versus baseline. (For interpretation of the
references to colour in this figure legend, the reader is referred to the web version of
this article.)
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Fig. 2. Leukocyte counts, monocyte activation markers and subpopulations and serum
cortisol concentrations in healthy individuals. Neutrophils (B) increased, while
lymphocytes (C) and monocytes (D) decreased both after oral triglyceride tolerance
test and after ingestion of water in healthy controls, while total leukocytes (A)
increased only mildly. Oral triglyceride tolerance test did not influence monocyte
surface expression of activation marker CD11b (E). Surface expression of CD14
decreased in the course of time (controls). This decrease was abrogated following OTTT
(F). Monocyte 16*CD14'°% (upper lines)and CD16*CD14"" (lower lines) subpopula-
tions were unaffected by fat loading (G). Serum cortisol decreased during the test
hours (8:00—13:00) independent of fat ingestion (H). *p < 0.05, **p < 0.01, **p < 0.001
versus baseline in OTTT (dark blue) or control (light blue). (For interpretation of the
references to colour in this figure legend, the reader is referred to the web version of
this article.)

For monocytes, the cytokines chemoattractant protein-1
(MCP1) and fractalkine (CX3CL1) are strong chemoattractant
proteins. MCP1 concentration in serum of the control group (H,0)
fell from 254 + 28 to 189 + 21 pg/ml after 3 h (p < 0.001) and from
251 4+ 24 to 198 + 33 pg/ml (p < 0.05) following OTTT. Fractalkine
serum concentrations remained unchanged. The MCP1-receptor
CCR2 decreased on monocytes from control patients (from a MFI
of 25.8 &+ 2.7 to 19.4 + 2.3 after 3 h (p < 0.001)), which was not
detected following OTTT. Similarly, the fractalkine-receptor
CX3CR1 decreased in the control group over time (from a MFI of
116 + 7 to 84 &+ 5 after 5 h (p < 0.001)), and decreased to a smaller
extent in the OTTT group. At the functional level, reflecting MCP1
expression, THP1 monocyte migration towards participants’ serum
was not significantly affected by OTTT compared to the control
group (Fig. 3).
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Fig. 3. Chemokines and monocyte migration following triglyceride tolerance test. Mono-
cyte surface expression of the MCP1-receptor CCR2 (A) and the fractalkine-receptor
CX3CR1 (B) decreased during the morning hours of the test when subjects ingested
water. Oral triglyceride tolerance test abolished this decrease. Monocyte chemo-
attractant protein-1 (MCP1) was reduced following fat loading but also after water
ingestion (C). Fractalkine (D) was unchanged following fat loading. THP1 monocyte
migration (compared to 0% or 20% foetal calf serum (negative and positive control,
respectively)) towards participants’ serum was not significantly affected following fat
loading (E). *p < 0.05, **p < 0.01, **p < 0.001 versus baseline in OTTT (dark blue) or
control (light blue). (For interpretation of the references to colour in this figure legend,
the reader is referred to the web version of this article.)

Because surface marker measurements using flow cytometry
are only surrogate markers of cellular activation and to evaluate if
monocyte activation status would potentially not be directly
influenced by ppTG, but whether TG might render circulating cells
more or less susceptible to other inflammatory stimuli, isolated
peripheral blood monocytes were treated with LPS following fat
load. Following LPS-stimulation, mRNA expression of inflammatory
cytokines IL1b, IL6, TNFalpha and MCP1 was not significantly
changed (data not shown).

3.2. Patient study — effects of n3-FA on postprandial triglycerides
and monocyte activation

One of the 30 patients undergoing treatment with n3-FA with-
drew consent because of inability to complete the OTTT (nausea
and vomiting). The remaining 29 patients were 66.7 4 7.5 years old,
22 of them (76%) were male, and mean body mass index was
274 + 3.4. None of the patients had diabetes but 13 (45%) had
impaired glucose tolerance in an OGTT. The majority of patients was
treated according to guidelines for secondary prevention: all

patients received aspirin, and 25 (90%) took a statin. Baseline LDL-
cholesterol was 95.8 + 214 mg/dl and serum triglycerides
128.8 £ 48.2 mg/dl. For further baseline characteristics see
Supplemental Table 1.

OTTT and n3-FA did not affect total, LDL- or HDL-cholesterol.
Serum glucose and insulin concentrations changed slightly during
OTTT, but were not affected in a biologically relevant magnitude
when compared to a glucose tolerance test started at 3 h into the
OTTT protocol (Supplemental Fig. 1). TG rose from 137.1 +12.9 mg/
dl at baseline to their maximum at 4 h of 244.8 + 24.6 md/dl
(p < 0.001, 78% increase). Three week treatment with 4 g n3-FA/day
reduced fasting TG by 24.9 mg/dl (18%)—112.2 + 8.6 mg/dl (p < 0.05
compared to placebo). Postprandial TG 3, 4 and 5 h following OTTT
were reduced by n3-FA (p < 0.05). Maximum TG were reduced by
38.9 mg/dl (16%)—205.86 mg/dl (p < 0.05). Calculation of the 5 h
area under the curve showed a reduction following n3-FA
(873.3 + 59.4 versus 1033.0 + 86.7 mg/dl following placebo,
p < 0.05). Relative TG increase (maximum 192.8 4+ 12.7%) following
n3-FA was comparable to placebo (183.2 4 9.3%, p = ns) (Fig. 4).
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Fig. 4. Effects of n3-FA on fasting and postprandial triglycerides. In the patient study,
significant differences between treatment groups are marked in the graphs. While no
change was noted following placebo treatment (A), treatment with omega-3 fatty acids
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strated that curves were parallel shifted without significant change by omega-3 fatty
acids (F). *p < 0.05, post-treatment versus pre-treatment.
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Because of its predictive value in cardiovascular disease [15],
neutrophil/lymphocyte count and neutrophil/monocyte counts
were calculated. Neutrophil/lymphocyte ratio increased 3 h
following OTTT from 1.86 4 0.15 to 2.56 + 0.24, p < 0.001 compared
to baseline and fell again thereafter. Treatment with n3-FA did not
affect this increase (increase from 1.85 + 0.14 to 2.40 + 0.23,
p < 0.01). Similarly, neutrophil/monocyte ratio increased to its
maximum 3 h following OTTT from 6.27 + 0.40 to 8.15 4 0.66,
p < 0.001 compared to baseline, which remained unaffected by n3-
FA (increase from 6.77 + 0.44 to 8.64 & 0.72, p < 0.01). As in healthy
individuals, OTTT in patients with CAD did not change monocyte
CD167CD14"°% and CD16A"CD14"#" subpopulations. These mono-
cyte populations were not affected by treatment with n3-FA (Fig. 5).
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Fig. 5. Leukocyte subpopulations, monocyte migration and activation in coronary artery
disease patients. Calculations of inflammatory ratios in peripheral blood showed an
increase in neutrophil/monocyte ratio (A) following oral triglyceride tolerance test in
patients with coronary artery disease. This increase was not attenuated by treatment
with omega-3 fatty acids. Both 167CD14'°% (B) and CD16*CD14"&" (C) monocyte
subpopulations were not affected by the triglyceride tolerance test or treatment with
omega-3 fatty acids. Surface marker expression of the activation marker CD11b (D) and
of CD14 on monocytes (E) was unchanged by either triglycerides or omega-3 fatty
acids treatment. Also, the MCP1-receptor CCR2 on monocytes was not changed (F).
Migration of THP1 monocytes towards patients’ serum (compared to 0% or 20% foetal
calf serum (negative and positive control, respectively)) was not significantly affected
by fat loading or omega-3 fatty acids (G). Decrease in serum cortisol during the test
hours (8:00—13:00) was unaffected by omega-3 fatty acids (H).

Flow cytometric analyses of monocyte surface markers CD11b,
CD14 and the MCP1-receptor CCR2 as surrogate activation markers
demonstrated these molecules to remain unchanged in the course
of OTTT and unaffected by treatment with n3-FA. THP1 monocyte
migration towards patients’ serum was not changed by n3-FA. To
assess if circadian rhythms as a possible cause for monocyte and
inflammatory changes during the day were affected by n3-FA,
serum cortisol concentrations were measured. Data show
a decrease during morning hours that was not affected by n3-FA
(Fig. 5).

Because circulating cell composition and activation status
seemed untouched by either fat load or treatment with n3-FA we
then examined plasma levels of soluble intercellular adhesion
molecule-1 (sICAM1) as a marker of endothelial cell activation. As
parameters of oxidative stress, 8-isoprostane [16] and MDA
(assessing plasma lipid peroxidation) were measured. Neither
plasma concentration of sICAM1 nor 8-isoprostane or MDA levels
were significantly different 5 h following OTTT. Both parameters
were unaffected by treatment with n3-FA. Also, C-reactive protein
was found comparable between placebo and n3-FA before and after
treatment (Supplemental Fig. 2).

4. Discussion

In this study, a standardized oral triglyceride tolerance test
(OTTT) increased serum TG by 73% in healthy controls and 78% in
non-hyperlipidemic patients with coronary artery disease, without
affecting cholesterol concentrations. Leukocyte subpopulations and
monocyte activation were only mildly affected by the fat intake.
Treating stable, non-diabetic, non-hyperlipidemic CAD patients
with omega-3 fatty acids in a randomized, double-blind, crossover
trial decreased not only fasting but also postprandial TG by 18 and
16%, respectively. Compared to placebo, three weeks treatment
with n3-FA did not alter fasting and postprandial leukocyte
composition and parameters of monocyte activation and migration.

On the background of the epidemiologic data on the predictive
value of non-fasting triglycerides in cardiovascular disease [5,6] we
hypothesized that postprandial TG may influence monocyte acti-
vation and thereby contribute to the pathophysiology of athero-
sclerotic vascular disease. Postprandial TG may accelerate
atherogenesis by entering the vessel wall as TG-rich remnant
particles promoting the generation of macrophage-derived foam
cells [17]. In addition, lipolysis of TG-rich lipoproteins generates
inflammatory lipids that may contribute to monocyte activation
[18]. Monocyte activation represents an important component of
vascular inflammation promoting atherogenesis [7]. In contrast to
the initial hypothesis of the study, our analyses do not provide
evidence for a stimulatory effect of triglycerides on monocyte
activation and migration parameters. The observed parallel post-
prandial changes after water ingestion likely reflect the circadian
regulation of inflammatory status, which may relate to changing
levels of cortisol during the day [19]. As with monocyte parameters,
cortisol levels were unaffected by n3-FA. Alternatively, several
hours fasting in the morning period may be a stressor of similar
strength as postprandial hypertriglyceridemia in otherwise nor-
molipidemic individuals. If this is a finding of chance or functional
significance remains to be elucidated in further studies on the
circadian regulation of monocyte function. MCP1 and monocyte
migration were reduced following OTTT, indicating even a possible
buffering effect of postprandial triglycerides on inflammatory
cytokines. Other authors found more pronounced effects on
monocyte surface marker expression following fat ingestion [11].
When studying the influence of TG on inflammatory cells, it is
important to use a glucose-free test, because glucose is known to
elicit increases in CD11b monocyte surface marker expression [20].
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Decrease in glucose and rise in insulin concentrations over time
were very mild and within the physiological range of these
parameters, making a biologically relevant effect unlikely. Other
studies of fat-induced monocyte activation in healthy volunteers
used similar amounts of ingested oral fat loading. Some, however,
lack a control group and are therefore difficult to interpret [9]. To
prevent analytical errors, we have eliminated unwanted cellular
activation by processing blood samples directly after blood drawing
and performing all laboratory steps at 4 °C.

Low dose (1 g/day) n3-FA have been analysed in large studies on
secondary preventive effects on cardiovascular events [21-23].
This treatment form has been suggested to exert “pleiotropic
effects” including stabilization of cellular membrane potentials,
however, the detailed molecular mechanisms are incompletely
understood [24]. While low dose therapy does not affect lipid
levels, high-dose (3—4 g/day) treatment with n3-FA selectively
lowers TG [25]. The effect of the high-dose n3-FA used in clinical
practise on postprandial TG kinetics has not been previously
studied in detail. More than 20 years ago, a reduction in ppTG has
been described in subjects on a fish oil diet containing n3-FA [26].
Our test protocol and the randomized, crossover study now shows
that treatment of non-diabetic CAD patients with 4 g/d n3-FA
reduces ppTG to a similar extent as fasting TG.

In line with the paucity of effects of ppTG on inflammatory
parameters in healthy young controls, no quantitatively impressive
changes were observed in non-diabetic patients with stable CAD
either. The increase in neutrophils parallelled by a reduction in
lymphocytes and monocytes in peripheral blood are most likely due
to diurnal regulation similar to the healthy individuals studied, and
possibly triggered by physiological changes in serum cortisol.
Treatment with n3-FA did not change leukocyte composition, acti-
vation status or migration of peripheral blood monocytes. Particu-
larly, surface expression of adhesion molecules, which are thought
to mechanistically contribute to a pro-atherogenic role of TG [27],
were unchanged. Activated cells adhere to the endothelium, become
part of the marginal pool and can thus be missed in the analysis of
circulating cells and cytokines. The counterpart of circulating cells in
atherosclerotic vascular disease, the vessel wall, is more difficult to
investigate in humans. As a surrogate parameter, we studied levels of
sICAM1, which are known to reflect endothelial activation and to
predict future cardiovascular events [28], and 8-isoprostane and
MDA as markers of oxidative stress. The effects of n3-FA on lipid
peroxidation were earlier investigated elsewhere, but results
remained inconclusive or reported an increase in oxidative stress by
n3-FA [29,30]. In our study, vascular parameters were not altered by
n3-FA, suggesting that n3-FA treatment did not change monocyte or
endothelial activation. The three weeks treatment period might be
too short for an effect on the vessel wall. For circulating monocytes,
we assumed cells to have renewed completely due to turnover in
peripheral blood within this time frame.

Importantly, 90% of the study patients were on statin treatment
and showed LDL-cholesterol serum concentrations <100 mg/dl. It
is therefore possible that statin treatment had already reduced the
response of circulating inflammatory cells to TG [31]. However,
from the clinical perspective this is the relevant patient population
to study. Furthermore, we observed similar monocyte activation
patterns in both patients on statin and healthy controls without
drug treatment. Subanalyses within our patient population showed
similar patterns of ppTG and inflammatory parameters in statin
users and non-users at a qualitative level, although the latter failed
to meet statistical significant because of low numbers.

Perhaps the most important limitation of the study is the time
course of OTTT. All parameters assessed were measured no earlier
than 3 and no later than 5 h following fat loading. Changes occur-
ring before or, more importantly, after this time period, might have

been missed. Earlier studies have already shown that n3-FA lower
ppTG. However, they less rigorously applied controls or less stan-
dardized postprandial test protocols or only investigated healthy
controls or patients not on statin therapy or hyperlipidemic
subjects [32—34]. We extended the standardized analyses of the
effects n3-FA in non-diabetic, non-hyperlipidemic statin-treated
CAD patients to measures of postprandial monocyte activation
and oxidative stress. As in every study reporting negative findings
we cannot exclude that the parameters used (such as monocyte
expression of the Mac1-subunit CD11b expression) are suboptimal
and our experiments thus miss inflammatory activation via other
routes. However, by looking at subpopulations, surface markers as
well as secreted cytokines and their receptors, although each can be
considered as surrogate for cellular activation only, we tried to
overcome this limitation.

In conclusion, our study shows that high-dose n3-FA selectively
reduce both fasting and postprandial TG in patients with cardio-
vascular disease on statin treatment. Monocyte activation and
migration do not appear to be relevant mechanisms behind possible
TG-mediated effects on vascular pathophysiology. n3-FA provide an
ideal tool to prospectively study whether selected patients benefit
from TG-lowering independent of LDL- and HDL-cholesterol.
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Supplemental Table 1

Characteristics Patients (n = 29), mean + SD

Age — years 66.7 £ 7.5
Male sex. — no. (%) 22 (75.9)
Body mass index (BMI) 274 + 3.4
Waist circumference — cm 100.6 + 10.5
Hip circumference — cm 105.5 + 6.4
Waist/hip ratio 1.0 £ 0.1
Body surface area (BSA) — m? 1.94 + 0.17
Blood pressure — mmHg 128.9/68.4 + 17.3/8.5
Heart rate — per min. 66.7 + 8.6
Hypertension — no. (%) 29 (100)
Hypercholesterolaemia — no. (%) 28 (96.6)
Family history of CAD — no. (%) 12 (41.4)
Current smoker — no. (%) 4(13.8)
Ex-smoker — no. (%) 14 (48.3)

Diabetes — no. (%) 0(0)

Impaired glucose tolerance — no. (%) 13 (44.8)
Beta-blockers — no. (%) 28 (96.6)
Statins — no. (%) 25 (89.7)

(

(
Aspirin — no. (%) 29 (100)

(

(

ACE-inhibitors/ARBs — no. (%) 23 (79.3)
Diuretics — no. (%) 14 (48.3)
C-reactive protein — mgj/l 20+ 04
Glucose — mg/dl 107.2 £ 11.6
Total cholesterol — mg/dl 167.1 £ 4.7
LDL-cholesterol — mg/dl 95.8 + 214
HDL-cholesterol — md/dl 51.8 + 133
Non-HDL-cholesterol — mg/dl 1113 £ 5.7
Triglycerides — mg/dl 128.8 + 48.2

Baseline characteristics of study patients. Parameters are depicted as mean + SEM.

Appendix A. Supplementary data

Supplementary data related to this article can be found at http://
dx.doi.org/10.1016/j.atherosclerosis.2012.09.002.
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