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Abstract — Eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), the two major marine n-3 polyunsaturated fatty
acids (PUFA), have been proposed to decrease the risk of atherosclerosis and coronary heart disease. An early event during
atherogenesis is endothelial dysfunction. We studied the correlation between fish consumption, serum phospholipid (sPL)
levels of DHA and EPA and flow-mediated vasodilation (FMD), a measure of endothelial function. Furthermore, subjects
were classified according to whether they did (Fish+, n = 19) or did not (Fish-, n = 21) follow the Danish recommendations,
consuming at least 300 g fish/week. Neither the fish intake, sSPL EPA nor sPL DHA significantly correlated with FMD, -0.20
(p = 0.23), -0.23 (p = 0.15) and -0.06 (p = 0.72), respectively. Also, when comparing the Fish+ and the Fish- group we did
not find any significant differences in FMD (p = 0.33). In conclusion, our results did not show any correlation between
intake and sPL levels of marine n-3 PUFA and FMD in healthy subjects.

Key words: Docosahexaenoic acid, eicosapentaenoic acid, endothelial function, fish consumption, flow-mediated
vasodilation, marine n-3 polyunsaturated fatty acids.

INTRODUCTION contracting factors (2,5). In recent vyears,
ultrasound measurement of flow-mediated
Consumption of marine n-3 polyunsaturated ~ vasodilation (FMD) has gained popularity as a

fatty acids (PUFA) has been associated with a measure of endothelial function since it is a non-
reduction in cardiovascular risk factors, Invasive procedure. One drawback of FMD has

(1,6,13,27,28). The exact mechanisms of action 0bserver variability issues. _
are unknown, but it is likely that it is due to a  1here is some evidence that marine n-3 PUFA

combination of beneficial effects including May increase FMD (12,16,26,30), although other
effects on lipids, platelet aggregability, Studies have failed to reproduce these findings
arrhythmias, blood pressure, and anti-thrombotic ~ (11,18). The present study investigates whether
and anti-inflammatory effects (17,28,29). One of ~ dietary intake of marine n-3 PUFA and serum
the earliest steps in atherogenesis is believed to ~ Phospholipid (sPL) levels of eicosapentaenoic
be endothelial dysfunction, characterized by, acid (EPA) and docosahexaenoic acid (DHA)
among others, a reduced bioavailability of Was related to FMD in healthy subjects.
vasodilators, such as nitric oxide, and an Furthermore, we studied whether participants
increased bioavailability of endothelium-derived  adhering to the recommendations for fish intake
had a higher FMD than those who ate less fish
than recommended.

Abbreviations: DHA, docosahexaenoic acid; EDV,
Endothelial dependent vasodilation; EIDV, Endothelial MATERIAL AND METHODS
independent vasodilation; eNOS, endothelial nitric oxide
synthase; EPA, eicosapentaenoic acid; FMD, flow-
mediated dilation; NO, nitric oxide; PUFA, polyunsaturated
fatty acids; SLE, systemic lupus erythematosus; sPL, serum
phospholipid(s); TFA, trans fatty acids

Subjects

A total of 40 healthy volunteers (20 men and 20
women) were recruited (Table 1). Except for birth control
pills none were taking any medication, and pre- and
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postmenopausal women were equally represented. All
subjects gave their written consent and the protocol was
approved by the local Ethics Committee.

Methods

Examinations were conducted on two separate
occasions, four weeks apart. Premenopausal women were
examined in the same period of their menstrual cycle in
order to reduce hormonal influence on FMD (34). Results
are given as the mean of the two examinations.

Serum phospholipids

Blood samples were collected in the morning after at
least ten hours of fasting (including caffeine and tobacco)
and 10 minutes' rest in the supine position. Samples were
left to coagulate for at least one hour before centrifugation at
3000 x g for 20 minutes, and vials containing serum aliquots
were filled with nitrogen to avoid oxidation and frozen at —
80°C until analysis. Samples from each individual were
analyzed in the same analytical run to avoid inter-assay
variability.

SPL were analyzed as described earlier (31). In brief,
total lipids were extracted from serum using chloroform

Table 1. Baseline characteristics of the subjects.

(CHCI5) and methanol containing butylated hydroxytoluene
as antioxidant. Organic CHCI; phase was transferred to
preconditioned Sep Pak NH, columns (Waters Corporation,
Massachusetts, USA) and phospholipids were separated
from other lipid classes. The extracted phospholipids were
dried under nitrogen, redissolved in heptane, and
transesterified using 0.5 M sodium methoxide and acetic
acid. The fatty acid composition was analyzed by gas
chromatography using a Chrompack CP-9002 gas
chromatograph (Varian, Middleburg, Netherlands), and a
CP-sil 88 capillary column, fatty acid methyl esters with 14
to 24 carbon atoms and separation of several trans fatty
acids were quantified. Inter-assay coefficients of variation
were 3.5% and 2.8% for EPA and DHA, respectively.

Blood pressure

Blood pressure was assessed once before each
examination using an automatic blood pressure apparatus,
OMRON M6 (OMRON HEALTHCARE Co., Ltd., Kyoto,
Japan). The measurement was conducted on the left arm
after subjects had rested for at least 15 minutes in the supine
position (Table 1).

Minimum  1* Quartile  Median 3" Quartile Maximum
Age (years) 24.0 38.0 51.0 583 66.0
Systolic blood pressure (mmHg) 91.0 107.0 112.0 119.3 159.0
Diastolic blood pressure (mmlig) 53.0 68.0 72.5 76.3 91.0
BMI (kg/m") 19.0 220 240 26.0 320
Current smoker (n) 4(10 %)
Former smoker (n) 9(22.5 %)
Table 2. Structure of the Food Frequency Questionnaire.
Points Score
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A+B+C+D

Fish score

T Intake of cold fish was assessed by asking how many slices of bread with fish subjects consumed. It was calculated that
one warm portion equalled 125-150 g and that one slice of bread reflected a serving of 30-40 g of fish.
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Food frequency questionnaire

The intake of fish, both as warm and cold servings and
regarding type of fish (fat vs. lean), was assessed by a food
frequency questionnaire (Table 2). The food frequency
questionnaires were filled out on the first examination and
subjects were classified according to whether they followed
the Danish recommendations of a fish intake of at least 300
g/week (Fish+, n = 19) or not (Fish-, n = 21). Furthermore, a
fish score was conducted ranging between 4 and 32, with
score 32 reflecting the highest possible fish intake (Table 2).

Endothelial function

FMD was measured using a Siemens Sonoline G50
ultrasonography apparatus (Siemens Medical Solutions
USA, Inc., Japan). This was fitted with a L10-5 6.5-10 MHz
transducer, with measurements made with a 10 MHz probe.
Before the examination, subjects had at least 15 minutes of
supine rest in a quiet and tempered room. Measurements
were made on the right brachial artery 3-5 cm distal to the
ante-cubital fossa, and when the clearest B-mode image was
obtained, the ultrasound probe was fixed with a stereotactic
clamp. Baseline images were recorded as three clips, each of
4 sec. duration. Subsequently, a blood pressure cuff was
placed on the upper arm and inflated to 300 mmHg for 5
minutes. The cuff was then rapidly deflated, a new series of
clips was made, and FMD was determined 60 sec. after cuff
deflation. Measurements were made from media to media
on a longitudinal section of the artery in end-diastole at the
beginning of the R-wave of the ECG and conducted in 4
consecutive heart cycles. The mean diameter was
determined. The between-operator and within-subject
standard deviations were 4.0 % and 2.9 %, respectively (24).
Finally, FMD was calculated as a percentage increase in
diameter from baseline to one minute after cuff deflation.
Afterwards, to ensure that the capacity for vasodilation was
present, endothelial independent dilation was measured four
minutes after sublingual admission of 0.4 mg glyceryl
trinitrate.

Statistics

All statistical analyses were performed using R
(Version 2.0.1). Data from the two examinations were used
to calculate mean FMD, sPL DHA and sPL EPA. These
mean values were then used in the later analysis. A Q-Q plot
was used to test if FMD was normally distributed.
Pearson’s coefficient of correlation was used to describe the
associations. A p-value < 0.05 (two-tailed) was considered
significant.

RESULTS

Our analysis revealed a mean sPL content of
2.2% (95% CI: [1.9; 2.5]) and 5.32% (95% CI:
[4.9; 5.7]) for EPA and DHA, respectively. The
median of the fish score and FMD was 11.0 (1*
quartile = 10.0; 3" quartile = 15.8) and 9.9% (1%
quartile = 7%:; 3" quartile = 11.6%), respectively.
There were significant and positive correlations
between the amount of EPA and DHA in
phospholipids and the fish score with correlations
of r =0.60 (p < 0.001) and r = 0.62 (p < 0.001),
respectively (Fig. 1-2).
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Correlation: r = 0.60 (p < 0.001)

Figure 1. Fish score vs. the content of EPA in serum
phospholipids
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Figure 2. Fish score vs. the content of DHA in serum
phospholipids

Serum phospholipids and FMD

Neither the content of sSPL EPA nor of sPL
DHA was significantly correlated to FMD (Fig.
3-4). FMD vs. EPA: r = -0.23 (p = 0.15) and
FMD vs. DHA: r=-0.06 (p = 0.72).
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Correlation: r = -0.23 (p = 0.15)

Figure 3. FMD vs. the content of EPA in serum
phospholipids

Copyright © 2010 C.M.B. Edition



PETERSEN M.M. et al.

20
L

15
L
*

10

FMD (%)

5

SPL DHA (%)

95% CI
- FrD

Fitted values

Correlation: r =-0.06 (p =0.72)

Figure 4. FMD vs. the content of DHA in plasma
phospholipids

Fish score and FMD

The fish score was not significantly
correlated with FMD, r =-0.20 (p =0.23) (Fig. 5).
In the Fish+ (>300 g/week) and Fish— groups
(<300 g/week), sample mean FMD was 9.1%
(95% CI: [7.7; 10.5]) and 10.1% (95% CI: [8.6;
11.6]), respectively (p = 0.33).
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Figure 5. FMD vs. Fish score.

DISCUSSION

The results of this study demonstrate that
sPL concentrations of DHA and EPA were not
significantly correlated to FMD in healthy
subjects. Furthermore, the fish score was not
significantly correlated with FMD (p = 0.23). We
found that the fish score was positively and
significantly  correlated  with  the  sPL
concentration of both DHA and EPA (p < 0.001).
However, based on the official Danish
recommendations for fish intake (>300 g/week)
the Fish- and the Fish+ groups were compared,

but this did not show any significant difference
regarding FMD (p = 0.33).

Takase et al. (32) have reported a positive
and significant correlation between adenosine
triphosphate disodium-induced vasodilation in
coronary arteries and FMD in the brachial artery
in patients with suspected coronary artery
disease. Other studies have also reported that
assessment of peripheral endothelial function, to
some extent, can be used as a prognostic
predictor of future cardiovascular events (14,23).
Criticism has, however, been raised towards the
use of FMD since many factors can affect the
accuracy of this parameter and because of the
lack of standardization between research
laboratories and observer and patient variability
(3,8,10). In the present study only experienced
operators undertook the examination and by
selecting the mean of two determinations of
FMD, variability was further reduced. Also, our
results regarding variability have previously been
reported as acceptable (24).

In accordance with guidelines by the
International Brachial Artery Reactivity Task
Force (8), measurements of FMD were
conducted 60 sec. after cuff deflation. Others
have, however, reported that when using an
upper arm cuff placement, as done in the present
study, the vasodilator response may be somewhat
delayed (3,4,22). Additionally, the cuff
placement may induce brachial artery hypoxia
which perhaps can compromise vasodilation as
hypothesized by Berry et al. (3).

Furthermore, inter-volunteer variability may
have affected our results. The volunteer median
age was 51 years; it is therefore plausible that
some volunteers had endothelial dysfunction
during the test.

Others have also studied the effect of marine
n-3 PUFA in healthy volunteers (Table 3). In a
randomized, double blinded, 8-week dietary
intervention study, 87 healthy males were
randomized to one of three dietary invention
groups to test whether intake of trans fatty acids
(TFA), n-3 PUFA or control fat affected FMD
(11). The groups were comparable and subjects
were given a daily dose of 33 g fat, of which the
TFA group was given 20 g industrially produced
TFA, the n-3 PUFA group was given 4 g marine
n-3 PUFA and the control group was only given
control fat. The fat was isocalorically
supplemented via baked products and cakes.
Results did not reveal any alterations in FMD
and differences between groups (11). In a cross
section study, Leeson et al. (18) assessed FMD
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and plasma n-3 PUFA in 326 healthy subjects.
Looking at all subjects, no significant association
between FMD and plasma EPA and DHA could
be demonstrated. In contrast, when stratifying
according to smoking status a positive and
significant correlation between FMD and plasma
DHA was seen in smokers (18). The present
study only included 4 current smokers, and we
are therefore unable to comment on this issue.
Finally, Shah et al. (30), from a randomized,
single-blinded, placebo-controlled trial including
26 non-smoking asymptomatic subjects, reported
that a daily supplement of 1 g of n-3 PUFA
(EPA: 0.4 g/day, DHA: 0.6 g/day) for 14 days
significantly increased FMD within the fish oil
group. The control group supplemented with 1 g
of corn oil did not show any alterations.

FMD and its possible association with n-3
PUFA have also been investigated in subjects
suffering from disease states linked with
atherosclerosis.  Most of  these  studies
(12,16,26,35) have shown that marine n-3 PUFA
have a beneficial effect on endothelial function
(Table 3). Thus, in a placebo-controlled, double-
blind trial, Goodfellow et al. (16) found that
supplementing  hypercholesterolemic  subjects
with fish oil for 120 days significantly increased
FMD. There were 13 subjects in the n-3 PUFA
group receiving a daily dose of 4 g n-3 PUFA
and 15 subjects in the placebo group given 4 g
corn oil/day. Criticism can be raised against the
fact that information regarding FMD was
reported as absolute values and not as percentage
change.

Patients with systemic lupus erythematosus
have a high prevalence of atherosclerosis (25). In
a recent study of such patients, FMD was
significantly improved from 3% to 8.9% when
the patients were given a daily dose of 1.2 g
DHA and 18 g EPA for 24 weeks (35).
Furthermore, in 20 children with familial
hypercholesterolemia or familial combined
hyperlipidemia Engler et al. (12) found that 1.2 g
DHAJ/day significantly improved their FMD.
Finally, in a study of patients (n = 32) with
intermittent claudication Schiano et al. (26)
reported that supplementing the usual diet with
n-3 PUFA (2 g/day) for 3 months increased FMD
significantly by 3.3% in contrast to the control
group continuing with their traditional diet.

Regarding mechanisms, an in vitro study by
Goode et al. (15) reported that arteries from
hypercholesterolemic patients given marine n-3
PUFA had a better endothelial function
compared to arteries from matched controls. The
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content in membrane of DHA and EPA was
correlated with this finding, and Goode et al. (15)
hypothesized that marine n-3 PUFA affected the
membrane fluidity, thereby promoting -either
increased  synthesis  and/or  release  of
endothelium-derived nitric oxide (NO). This
hypothesis is supported by another in vitro study,
showing that EPA increased endothelial nitric
oxide production (20). Furthermore, Lopez et al.
(19) have reported that rats supplemented with
fish oil had an increased content of aortic
endothelial nitric oxide synthase (eNOS). Others
have found that membrane EPA can induce
dissociation of eNOS from caveolin-1, thereby
increasing NO production (21). Also, NO
production following increased shear stress
correlated closely with phosphorylation of
constitutive eNOS (9). Consequently, it seems
plausible that EPA exerts a synergistic effect on
the normal NO production in endothelial cells.
Another mean by which EPA and DHA can
interfere with vasomotion is that EPA and DHA
can act as alternative substrates for both
cyclooxygenase and lipoxygenase enzymes and,
with  the  3-series  prostaglandins  and
thromboxanes and 5-series leukotrienes having a
more favourable biological activity, result in
cardiovascular benefits favouring vasodilation
rather than vasoconstriction (2).

Incorporation of n-3 PUFA into cell
membranes plays a role in the mechanism of
action of n-3 PUFA (9,15,19,20,21). In the
present study, sPL EPA and sPL DHA were used
in our analysis. Studies have shown that dietary
intake of EPA and DHA affects both plasma
phospholipid (pPL) EPA and pPL DHA in
parallel with changes in erythrocyte and platelets
membrane EPA and DHA content (33,7). In a
study with 20 healthy subjects Cao et al. (7)
found that these changes correlated significantly
with each other and that erythrocyte membrane
EPA and DHA over time had a more stable
concentration than pPL EPA and pPL DHA.
Consequently, membrane n-3 PUFA might be a
better index for monitoring long-term intake of
n-3 PUFA.

In conclusion, the present study has shown
that endothelial function neither correlates with
dietary intake of fish nor sPL DHA and sPL EPA
levels in healthy subjects.

Other articles in this theme issue include references (36-47).

Copyright © 2010 C.M.B. Edition



PETERSEN M.M. et al.

REFERENCES

1. Dietary supplementation with n-3 polyunsaturated fatty
acids and vitamin E after myocardial infarction: results of
the GISSI-Prevenzione trial. Gruppo Italiano per lo Studio
della Sopravvivenza nell'Infarto miocardico. Lancet 1999,
354: 447-455.

2. Abeywardena, M. Y. and Head, R. J., Longchain n-3
polyunsaturated fatty acids and blood vessel function.
Cardiovasc. Res. 2001, 52: 361-371.

3. Berry, K. L., Skyrme-Jones, R. A. and Meredith, I. T.,
Occlusion cuff position is an important determinant of the
time course and magnitude of human brachial artery flow-
mediated dilation. Clin Sci. (Lond) 2000, 99: 261-267.

4. Betik, A. C., Luckham, V. B. and Hughson, R. L., Flow-
mediated dilation in human brachial artery after different
circulatory occlusion conditions. Am J Physiol Heart Circ.
Physiol 2004, 286: H442-H448.

5. Bonetti, P. O., Lerman, L. O. and Lerman, A,
Endothelial dysfunction: a marker of atherosclerotic risk.
Arterioscler. Thromb. Vasc. Biol. 2003, 23: 168-175.

6. Burr, M. L., Fehily, A. M., Gilbert, J. F., Rogers, S.,
Holliday, R. M., Sweetnam, P. M., Elwood, P. C. and
Deadman, N. M., Effects of changes in fat, fish, and fibre
intakes on death and myocardial reinfarction: diet and
reinfarction trial (DART). Lancet 1989, 2: 757-761.

7. Cao J., Schwichtenberg K. A., Hanson N. Q., Tsai M. Y.,
Incorporation and clearance of omega-3 fatty acids in
erythrocyte membranes and plasma phospholipids. Clin
Chem. 2006, 52(12): 2265-2272.

8. Corretti, M. C., Anderson, T. J., Benjamin, E. J.,
Celermajer, D., Charbonneau, F., Creager, M. A., Deanfield,
J., Drexler, H., Gerhard-Herman, M., Herrington, D.,
Vallance, P., Vita, J. and Vogel, R., Guidelines for the
ultrasound assessment of endothelial-dependent flow-
mediated vasodilation of the brachial artery: a report of the
International Brachial Artery Reactivity Task Force. J Am
Coll. Cardiol. 2002, 39: 257-265.

9. Corson, M. A., James, N. L., Latta, S. E., Nerem, R. M.,
Berk, B. C. and Harrison, D. G., Phosphorylation of
endothelial nitric oxide synthase in response to fluid shear
stress. Circ. Res. 1996, 79: 984-991.

10. Donald, A. E., Halcox, J. P., Charakida, M., Storry, C.,
Wallace, S. M., Cole, T. J., Friberg, P. and Deanfield, J. E.,
Methodological approaches to optimize reproducibility and
power in clinical studies of flow-mediated dilation. J Am
Coll. Cardiol. 2008, 51: 1959-1964.

11. Dyerberg, J., Christensen, J. H., Eskesen, D., Astrup, A.
and Stender, S., Trans, and n-3 polyunsaturated fatty acids
and vascular function-a yin yang situation? Atheroscler.
Suppl 2006, 7: 33-35.

12. Engler, M. M., Engler, M. B., Malloy, M., Chiu, E.,
Besio, D., Paul, S., Stuehlinger, M., Morrow, J., Ridker, P.,
Rifai, N. and Mietus-Snyder, M., Docosahexaenoic acid
restores  endothelial ~ function in  children  with
hyperlipidemia: results from the EARLY study. Int. J Clin
Pharmacol. Ther. 2004, 42: 672-679.

13. Gissi-Hf, Investigators, Effect of n-3 polyunsaturated
fatty acids in patients with chronic heart failure (the GISSI-
HF trial): a randomised, double-blind, placebo-controlled
trial. Lancet 2008.

14. Gokce, N., Keaney, J. F., Jr., Hunter, L. M., Watkins,
M. T., Menzoian, J. O. and Vita, J. A., Risk stratification for
postoperative cardiovascular events via noninvasive
assessment of endothelial function: a prospective study.
Circulation 2002, 105: 1567-1572.

15. Goode, G. K., Garcia, S. and Heagerty, A. M., Dietary
supplementation with marine fish oil improves in vitro small
artery endothelial function in hypercholesterolemic patients:
a double-blind placebo-controlled study. Circulation 1997,
96: 2802-2807.

16. Goodfellow, J., Bellamy, M. F., Ramsey, M. W., Jones,
C. J. and Lewis, M. J., Dietary supplementation with marine
omega-3 fatty acids improve systemic large artery
endothelial function in subjects with hypercholesterolemia.
J Am Coll. Cardiol. 2000, 35: 265-270.

17. Kris-Etherton, P. M., Harris, W. S. and Appel, L. J.,
Fish consumption, fish oil, omega-3 fatty acids, and
cardiovascular disease. Circulation 2002, 106: 2747-2757.
18. Leeson, C. P., Mann, A., Kattenhorn, M., Deanfield, J.
E., Lucas, A. and Muller, D. P., Relationship between
circulating n-3 fatty acid concentrations and endothelial
function in early adulthood. Eur Heart J 2002, 23: 216-222.
19. Lopez, D., Orta, X., Casos, K., Saiz, M. P., Puig-
Parellada, P., Farriol, M. and Mitjavila, M. T., Upregulation
of endothelial nitric oxide synthase in rat aorta after
ingestion of fish oil-rich diet. Am J Physiol Heart Circ.
Physiol 2004, 287: H567-H572.

20. Okuda, Y., Kawashima, K., Sawada, T., Tsurumaru, K.,
Asano, M., Suzuki, S., Soma, M., Nakajima, T. and
Yamashita, K., Eicosapentaenoic acid enhances nitric oxide
production by cultured human endothelial cells. Biochem.
Biophys. Res. Commun. 1997, 232: 487-491.

21. Omura, M., Kobayashi, S., Mizukami, Y., Mogami, K.,
Todoroki-lkeda, N., Miyake, T. and Matsuzaki, M.,
Eicosapentaenoic acid (EPA) induces Ca(2+)-independent
activation and translocation of endothelial nitric oxide
synthase and endothelium-dependent vasorelaxation. FEBS
Lett. 2001, 487: 361-366.

22. Peretz, A., Leotta, D. F., Sullivan, J. H., Trenga, C. A,,
Sands, F. N., Aulet, M. R., Paun, M., Gill, E. A. and
Kaufman, J. D., Flow mediated dilation of the brachial
artery: an investigation of methods requiring further
standardization. BMC. Cardiovasc. Disord. 2007, 7: 11.

23. Perticone, F., Ceravolo, R., Pujia, A., Ventura, G.,
lacopino, S., Scozzafava, A., Ferraro, A., Chello, M.,
Mastroroberto, P., Verdecchia, P. and Schillaci, G.,
Prognostic significance of endothelial dysfunction in
hypertensive patients. Circulation 2001, 104: 191-196.

24, Rasmussen, J. G., Eschen, R. B., Aardestrup, I. V.,
Dethlefsen, C., Griffin, B. A, and Schmidt, E. B., Flow
mediated vasodilation: variation and interrelationships with
plasma lipids and lipoproteins. Short title: Flow mediated
vasodilation and lipids. Scandinavian Journal of Clinical
and Laboratory Investigations -IN PRESS 2008.

25. Roman, M. J., Shanker, B. A., Davis, A., Lockshin, M.
D., Sammaritano, L., Simantov, R., Crow, M. K., Schwartz,
J. E., Paget, S. A., Devereux, R. B. and Salmon, J. E,,
Prevalence and correlates of accelerated atherosclerosis in
systemic lupus erythematosus. N. Engl. J Med. 2003, 349:
2399-2406.

26. Schiano, V., Laurenzano, E., Brevetti, G., De Maio, J.
I, Lanero, S., Scopacasa, F. and Chiariello, M., Omega-3
polyunsaturated fatty acid in peripheral arterial disease:
effect on lipid pattern, disease severity, inflammation
profile, and endothelial function. Clin Nutr 2008, 27: 241-
247.

27. Schmidt, E. B., Arnesen, H., Christensen, J. H.,
Rasmussen, L. H., Kristensen, S. D. and de, Caterina R.,
Marine n-3 polyunsaturated fatty acids and coronary heart
disease: Part Il. clinical trials and recommendations.
Thromb. Res. 2005, 115: 257-262.

28. Schmidt, E. B., Arnesen, H., de, Caterina R.,
Rasmussen, L. H. and Kristensen, S. D., Marine n-3

Copyright © 2010 C.M.B. Edition



n-3 fatty acids and flow-mediated vasodilation

polyunsaturated fatty acids and coronary heart disease. Part
I. Background, epidemiology, animal data, effects on risk
factors and safety. Thromb. Res. 2005, 115: 163-170.

29. Schmidt, E. B., Rasmussen, L. H., Rasmussen, J. G.,
Joensen, A. M., Madsen, M. B. and Christensen, J. H., Fish,
marine n-3 polyunsaturated fatty acids and coronary heart
disease: a minireview with focus on clinical trial data.
Prostaglandins Leukot. Essent. Fatty Acids 2006, 75: 191-
195.

30. Shah, A. P., Ichiuji, A. M., Han, J. K., Traina, M., El-
Bialy, A., Meymandi, S. K. and Wachsner, R. Y.,
Cardiovascular and endothelial effects of fish oil
supplementation in healthy volunteers. J Cardiovasc.
Pharmacol. Ther. 2007, 12: 213-219.

31. Svensson, M., Schmidt, E. B., Jorgensen, K. A. and
Christensen, J. H., N-3 fatty acids as secondary prevention
against cardiovascular events in patients who undergo
chronic hemodialysis: a randomized, placebo-controlled
intervention trial. Clin J Am Soc. Nephrol. 2006, 1: 780-
786.

32. Takase, B., Uehata, A., Akima, T., Nagai, T., Nishioka,
T., Hamabe, A., Satomura, K., Ohsuzu, F. and Kurita, A.,
Endothelium-dependent  flow-mediated vasodilation in
coronary and brachial arteries in suspected coronary artery
disease. AmJ Cardiol. 1998, 82: 1535-1538.

33. Vidgren H. M., Agren J. J., Schwab U., Rissanen T.,
Hénninen O., Uusitupa M. L., Incorporation of n-3 fatty
acids into plasma lipid fractions, and erythrocyte
membranes and platelets during dietary supplementation
with fish, fish oil, and docosahexaenoic acid-rich oil among
healthy young men. Lipids. 1997, 32(7): 697-705.

34. Wakatsuki, A., Ikenoue, N., Shinohara, K., Watanabe,
K. and Fukaya, T., Small low-density lipoprotein particles
and endothelium-dependent vasodilation in postmenopausal
women. Atherosclerosis 2004, 177: 329-336.

35. Wright, S. A., O'Prey, F. M., McHenry, M. T., Leahey,
W. J., Devine, A. B., Duffy, E. M., Johnston, D. G., Finch,
M. B., Bell, A. L. and McVeigh, G. E., A randomised
interventional trial of omega-3-polyunsaturated fatty acids
on endothelial function and disease activity in systemic
lupus erythematosus. Ann. Rheum. Dis. 2008, 67: 841-848.
36. Andersen, V.L., Vogt, J., Obel, T., Christensen, J.H.,
Schmidt, E.B., The effect of n-3 fatty acids on plasma
myeloperoxidase levels in healthy adults. Cell. Mol. Biol.
2010, 56(1): 3-9.

44

37. Andreasen, J. J., Aardestrup, I. V., Eschen, R. B., Obel,
T., Lundbye-Christensen, S., Schmidt, E. B., Fatty acid
composition of the internal mammary artery in relation to
dietary intake of marine n-3 polyunsaturated fatty acids and
association with flow-mediated vasodilation. Cell. Mol.
Biol. 2010, 56(1): 10-17.

38. Arnesen, H., Seljeflot, 1., Studies on very long chain
marine n-3 fatty acids in patients with atherosclerotic heart
disease with special focus on mechanisms, dosage and
formulas of supplementation. Cell. Mol. Biol. 2010, 56(1):
18-27.

39. Calder, P.C., Yagoob, P., Omega-3 (n-3) fatty acids,
cardiovascular disease and stability of atherosclerotic
plaques. Cell. Mol. Biol. 2010, 56(1): 28-37.

40. Eschen, O., Christensen, J.H., La rovere, M.T., Romano,
P., Sala, P., Schmidt, E.B., Effects of marine n-3 fatty acids
on circulating levels of soluble adhesion molecules in
patients with chronic heart failure. Cell. Mol. Biol. 2010,
56(1): 45-51.

41. Isherwood, C., Wong, M., Jones, W.S., Davies, I.G.,
Griffin, B.A., lack of effect of cold water prawns on plasma
cholesterol and lipoproteins in normo-lipidaemic men. Cell.
Mol. Biol. 2010, 56(1): 52-58.

42. Massaro, M., Scoditti, E., Carluccio, M. A., Campana,
M. C., De caterina, R., Omega-3 fatty acids, inflammation
and angiogenesis: basic mechanisms behind the
cardioprotective effects of fish and fish oils. Cell. Mol. Biol.
2010, 56(1): 59-82.

43. Mori, T. A., Omega-3 fatty acids and blood pressure.
Cell. Mol. Biol. 2010, 56(1): 83-92.

44.Von Schacky, C., Omega-3 fatty acids vs. cardiac
disease — the contribution of the omega-3 index. Cell. Mol.
Biol. 2010, 56(1): 93-101.

45. Vogt, J., Andersen, V.L., Andreasen, A., Obel, T.,
Christensen J.H., Schmidt, E.B, Serum concentrations of
matrix metalloproteinase-9, tissue inhibitor of matrix
metalloproteinase-1 and ay-macroglobulin in healthy
subjects after supplementation with different doses of
marine n-3 fatty acids. Cell. Mol. Biol. 2010, 56(1): 102-
109.

46. Marchioli, R., Silletta, M.G., Levantesi, G.,
Pioggiarella, R., Tognoni, G., N-3 polyunsaturated fatty
acids in heart failure: mechanisms and recent clinical
evidence. Cell. Mol. Biol. 2010, 56(1): 110-130.

47. Christensen, J.H., Svensson, M., Strandhave, C., Madsen,
T., Schmidt, E.B., N-3 fatty acids and cardiac autonomic
function in humans. Cell. Mol. Biol. 2010, 56(1): 131-139.

Copyright © 2010 C.M.B. Edition



