Addition of marine omega-3 fatty acids to statins in familial
hypercholesterolemia does not affect in vivo or in vitro endothelial function
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Abstract

Background

Pre-statin trials reported positive effects of omega-3 fatty acids (n-3 PUFA) in
cardiovascular disease (CVD), whereas recent studies and meta-analyses have not
reproduced these results. The effect of n-3 PUFA in patients with familial
hypercholesterolemia (FH), a group with particularly high risk of CVD, is not well

established.

Objective
We investigated the effect of n-3 PUFA on the early stage of atherosclerosis in FH
patients by evaluating in vivo (peripheral arterial tonometry (PAT)) and in vitro

(plasma asymmetric dimethylarginine (ADMA) and E-selectin) endothelial function.

Methods

This was a double blind, placebo-controlled crossover study with 34 FH patients on
statin treatment (mean age 46.6 years). In random order, all individuals were treated
for three months with high dose n-3 PUFA (2g x2) and three months placebo (olive
oil, 2g x2), separated by a three months washout period. Anthropometric data, blood

samples and PAT were collected at four time points.

Results

There were no significant changes in reactive hyperemia index (RHI) measured by
PAT after n-3 PUFA compared to placebo, median RHI after n-3 PUFA was 1.98 and
after placebo 1.96, p=0.51. No significant changes were detected in the soluble
endothelial marker ADMA (in two different assays) when comparing n-3 PUFA and
placebo (p=0.92 and 0.14, respectively). Finally, the level of E-selectin did not
change significantly during the trial, p=0.26.

Conclusion
Addition of n-3 PUFA to standard lipid-lowering treatment in genetically verified FH

patients did not affect the in vivo endothelial function or soluble endothelial markers.
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Introduction

The cardiovascular effect of marine omega-3 fatty acid (n-3 PUFA) supplement is
debated. Most trials have focused on secondary prevention of cardiovascular disease
(CVD), hence, the knowledge regarding primary CVD prevention and n-3 PUFA is
limited.1 Early secondary CVD prevention n-3 PUFA trials showed reduction in CVD
and sudden cardiac death,2-6 whereas the majority of the later studies have failed to
confirm these results.7-12 However, the Reduction of cardiovascular events with
icosapent ethyl-intervention trial (REDUCE-IT) demonstrated a positive effect of
eicosapentaenoic acid (EPA) in secondary prevention.1s Statin treatment and varied
dosage of the n-3 PUFA supplement are among the explanations for the disparate
trial results.14 Thus, the uncertainty regarding n-3 PUFA supplement and CVD is
reflected in the current international guidelines from American Heart Association and
European Atherosclerosis Society.1, 15 American Heart Association recommends n-3
PUFA supplement for patients with coronary heart disease (CHD) and heart failure
with reduced ejection fraction, while European Atherosclerosis Society awaits further
evidence on the n-3 PUFA efficacy before justifying its recommendation. A recent
meta-analysis including the ten largest n-3 PUFA trials did not support supplement of
n-3 PUFA as secondary CVD prevention.ie This meta-analysis did not include the
newly published results from the REDUCE-IT trial.

Individuals with familial hypercholesterolemia (FH) have a high risk of early coronary
heart disease (CHD), premature mortality and increased morbidity compared to the
general population.17, 18 Low-density lipoprotein cholesterol lowering is crucial for
patient outcome, and the introduction of statins has markedly improved the prognosis
for FH patients. Nonetheless, FH individuals have a high residual risk of CHD despite
moderate to high intensity treatment with statins,19 and finding efficient means to
reduce this residual risk, might improve patient outcome. The role of n-3 PUFA-
supplements in the FH population is not well established. Among the n-3 PUFA trials
in FH, lipid changes in response to n-3 PUFA supplement are the ones most
studied.20-23 Endothelial dysfunction is considered to be one of the primary events in
the atherosclerotic process.24 This dysfunction can be evaluated both by measuring
soluble markers in plasma and by investigating in vivo endothelial response when the

patient is exposed to various challenges.



A previous trial has investigated the effect of n-3 PUFA on the arterial elasticity in 20
FH patients, and demonstrated reduced systolic blood pressure and improved large
arterial elasticity.2s In order to reveal a potential effect of n-3 PUFA on endothelial
function in FH patients, we examined the endothelial function both in vivo and in vitro.
Our primary endpoint, the in vivo endothelial function, was assessed noninvasively
by peripheral arterial tonometry (PAT), a well-established method.26-30 The soluble
endothelial markers asymmetric dimethylarginine (ADMA) and E-selectin served as

indicators of the in vitro endothelial function.



Patients and Methods:

The data that support the findings of this study are available from the corresponding
author upon request. The individuals in this study were recruited from Nordland
Hospital’s lipid clinic (Bodg, Norway), the inclusion and exclusion criteria are listed in

Table 1. Compliance level was set at 50% intake of study medication.

Study design

The study was a randomized double-blinded crossover trial (Figure 1). At the first
hospital visit, patients were randomized to either three months treatment with n-3
PUFA or three months placebo. After treatment and a subsequent washout period of
at least three months duration, the individuals received alternate medication in the
second treatment period. In total there were four hospital visits (at inclusion and after
three, six and nine months). All four hospital visits included measurement of
anthropometric data, a physical examination, blood samples and evaluation of the in
vivo endothelial function. The participants were instructed not to take extra trial
medicine in case of a forgotten dose. A research nurse was in telephonic contact with
the participants between the hospital visits. The unused medication was handed in at
hospital visit number two and four. According to the returned medication, the mean
compliance was 90% (range 68-100%) in both treatment periods (PUFA or placebo).
All trial patients were above the pre-determined compliance level of 50%. A
registration of dietary intake of n-3 PUFA was also completed by the participants.
The participants were instructed to avoid dietary n-3 PUFA supplements for three
months before inclusion and throughout the trial, but no specific recommendations
regarding diet were given. The dietary registration form showed a mean intake of 0.8
servings of fatty fish per week, with standard deviation 0.5. The mean intake of
weekly fish servings (lean and fatty fish combined) was 1.7 servings, with standard

deviation 1.0.

omizati
Apotekproduksjon A/S (Oslo, Norway) was responsible for labelling the study
medication and for the randomization. The randomization was blinded to both study

individuals and project members. Block randomization was used in order to ensure



apportionment of the participants starting with n-3 PUFA and placebo.
Apotekproduksjon A/S kept the randomization code until the last participant had

completed the study period.

Study Medication:

BASF (Lysaker, Norway) provided the n-3 PUFA ethyl esters supplement and the
placebo capsules. The marine n-3 PUFA supplement was a 1000 mg capsule
consisting of 460 mg of eicosapentaenoic acid (EPA) and 380 mg docosahexanoic
acid and was administered in a dose of 4000 mg daily (two capsules twice a day).
The placebo capsules contained olive oil and was administered in the same manner

as the n-3 PUFA supplement.

Ethics

The study was approved by the Regional Ethics Committee of Northern Norway, P
REK 2011/899, and by the Norwegian Medicines Agency. EUDRACTNR 2012-
000505-68. ClinicalTrials.gov NCT01813006. Informed written consent was obtained
from all individuals in the study.

Blood samples

Fasting blood samples were collected at each visit. Routine analyzes for the purpose
of safety were analyzed consecutively, whereas samples for ADMA and E-selectin
were frozen at -70°C and analyzed in batch at the end of the study. Total cholesterol,
low-density lipoprotein cholesterol and high-density lipoprotein cholesterol were
analyzed on an ADVIA®1800 system (Siemens Medical Solutions Diagnostics,

Japan) using reagents from Siemens Healthcare Diagnostics Ltd.

The in vivo endothelial function was assessed by PAT (EndoPAT2000® Itamar
Medical Ltd, Caesarea, Israel). A pneumatic plethysmograph placed on the subject’s
index finger detects the digital pulse amplitude. During the test, the blood flow in the
brachial artery is temporarily stopped by a blood pressure cuff. After five minutes
occlusion of the artery, the blood flow is restored, and the PAT-device measures the
changes in digital pulse amplitude during reactive hyperemia, as an expression of the

subject’s vasodilator function. The reactive hyperemia index (RHI) is the post-



occlusion to pre-occlusion ratio. PAT was measured at all four hospital visits, all tests
were performed by the same personnel. The study participants were fasting and
rested in supine position for five minutes before the examination. The test was
performed according to the specifications of the manufacturer. RHI values are

skewed data, hence, nonparametric test was applied.

Fin Vi lothelial f .
ADMA

ADMA was analyzed in two different assays, ADMA from Cusabio (Houston, TX) and
ADMA Xpress from Immundiagnostik (Bensheim, Germany). The detection range for
ADMA was 7.8-500 ng/m and for ADMA Xpress 0-2 umol/L. Both ADMA assays used
ethylenediaminetetraacetic acid plasma and were enzyme-linked immunosorbent
assays. The ADMA assay from Immundiagnostik utilizes the competitive enzyme-
linked immunosorbent assay technique, whereas the assay from Cusabio uses the

sandwich enzyme-linked immunosorbent assay technique.

E-selectin
E-selectin (CD62) was analyzed as a singleplex from eBioscience (Thermo Fisher
Scientific, San Diego, CA) using ethylenediaminetetraacetic acid plasma. E-selectin

level in plasma was analyzed using the microsphere-based human E-selectin.

All analyzes were performed according to instructions provided by the manufacturers.

The RHI-results, blood samples and anthropometric measurements after the n-3
PUFA period and the placebo period respectively, were grouped and statistically
analyzed independently of intervention order. For RHI, ADMA, ADMA Xpress and E-
selectin, values after the n-3 PUFA period and values after the placebo period were
compared statistically. Anthropometric data, blood pressure, heart rate and lipids
were analyzed statistically by comparing baseline values and values after n-3 PUFA,
and baseline values and values after the placebo period, respectively. The crossover
study design required paired statistical analysis. Shapiro-Wilk normality test was
applied on the differences between the periods. For normally distributed differences,

paired t-test was applied, whereas Wilcoxon Matched-Pairs Signed Rank test was



used for not normally distributed differences. A two-tailed P level < 0.05 was
considered statistically significant. Correction for multiple comparisons was not
performed. A possible carry-over effect was evaluated by a treatment-period
interaction analysis, calculated by a two-sample t test or a Mann-Whitney test,
comparing the patient’s average response in the group starting with n-3 PUFA and
the group starting with placebo. The statistic work and graphs were done with Prism

version 7.0a (GraphPad Software Inc, La Jolla, CA).
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Results

I lati | baseline cl -

Thirty-eight patients were enrolled in the study. One person left due to abdominal
adverse effects (reflux, abdominal pain), one person started fertility treatment, and
one patient chose to leave the study for unknown reason. Additionally, one of the
individuals became pregnant at the end of the trial period and was excluded. Thus,
34 patients completed the nine-month follow-up, 17 females and 17 males. The

baseline characteristics of the study population are listed in Table 2.

I blood I | linids:
The results of the effect of n-3 PUFA compared to placebo on anthropometric data,
blood pressure, heart rate and lipids are presented in Table 3. The levels of total
cholesterol, low-density lipoprotein cholesterol and triglycerides (TG) significantly
changed after n-3 PUFA compared to baseline. Apart from a slight, but statistically
significant, increase in hip circumference after treatment with placebo there were no

changes in the remaining parameters.

The median RHI (first quartile, third quartile) after n-3 PUFA was 1.98 (1.58, 2.46)
and after placebo 1.96 (1.60, 2.52). There was no significant difference in RHI
between the n-3 PUFA treatment and the placebo period, p=0.51, median of
differences 0.07. (Figure 2).

Eight of the 34 individuals in the present study had one or two RHI measurements
below 1.35. Among these eight, two individuals had established CHD. None of the
study participants had RHI results below 1.35 at all four hospital visits. According to
the manufacturer, an RHI level <1.67 indicates endothelial dysfunction. Twenty-two
of the 34 participants had RHI levels below 1,67 (11 had one measurement <1.67,
four had two measurements <1.67, four individuals had three RHI measurements
<1.67 and three persons had all four measurements of RHI <1.67). Three of the
study participants with one RHI measurement <1.67 were smokers, the rest were

non-smokers.
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ADMA

Three study participants had ADMA-levels below lower limit of detection. In these
cases, the individual's value was set at lower limit of detection (7.8 ng/mL) for use in
the statistics. The differences between the ADMA-results after n-3 PUFA and
placebo were not normally distributed and non-parametric method was applied.
Median (first quartile, third quartile) ADMA after n-3 PUFA was 22.5 ng/mL (13
ng/mL, 49.3 ng/mL), and the median (first quartile, third quartile) ADMA after placebo
was 25 ng/mL (14 ng/mL, 49 ng/mL). No significant difference between n-3 PUFA

and placebo was detected, p=0.92, the median of differences was 0.85 (Figure 3).

ADMA Xpress
The mean (standard deviation) ADMA Xpress after n-3 PUFA was 177.0 ng/mL (36.0

ng/mL). After placebo mean (standard deviation) ADMA Xpress was 168.5 ng/mL
(41.0 ng/mL). The differences between the groups were normally distributed and
there was no significant difference in ADMA Xpress levels after n-3 PUFA compared
to placebo, p=0.14, mean of differences -8.7 with 95% confidence interval (-20.6;2.9)
(Figure 4).

The mean (standard deviation) E-selectin after n-3 PUFA was 44.6 ng/mL (19 ng/mL)
and after placebo mean (standard deviation) E-selectin was 42.9 ng/mL (18 ng/mL).
The differences between the n-3 PUFA and placebo levels of E-selectin were
normally distributed, and no statistically significant difference between the periods
was found, p=0.26, mean of differences -1.7 with 95% confidence interval (-4.7;1.3).
(Figure 5).

No carry-over effects were detected for any of the parameters examined, as judged

by treatment-period interaction calculations.
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Discussion

Identification of drugs reducing the development of atherosclerosis in statin treated
FH patients is important, considering the residual risk of CVD in this patient group.19
Furthermore, limiting the use of dietary supplements and medication without
documented effects on the process of atherosclerosis is necessary to avoid
polypharmacy in the FH population.

In the present study the in vivo endothelial function (change in RHI) as measured by
PAT was unaffected by a three month administration of a high dose n-3 PUFA in FH
patients, consistent with previous n-3 PUFA and PAT studies.ze, 29 The lack of
change in RHI suggests that n-3 PUFA in addition to statins in FH patients does not
influence the peripheral hyperemic response. The peripheral hyperemic response
was linked to coronary microvascular endothelial dysfunction by Bonetti et al, and
they proposed a reference level of RHI <1.35 to recognize individuals with coronary
endothelial dysfunction.s1 FH patients have impaired endothelial function,24 however
only three study participants had RHI <1,67 at all four hospital visits. This might imply
that statin treatment has improved the endothelial function in 31 of the study
participants in line with a previous report,2s but there was no additional effect after

supplement with n-3 PUFA.

Endothelial function in vitro assessed by the soluble endothelial markers ADMA (in
two different assays) and E-selectin were not influenced by addition of n-3 PUFA to
statins in this trial. The lack of change in ADMA levels is consistent with previous
studies in children with hyperlipidemia (docosahexanoic acid supplement) and in
patients with myocardial infarction,s2, 33 yet knowledge concerning n-3 PUFA and
ADMA is limited. ADMA is considered to be an indirect way to investigate the
endothelial function as ADMA is an inhibitor of nitric oxide synthase, and thus
decreases the level of the potent vasodilator nitric oxide and subsequently impairs
the endothelial function. Increased levels of ADMA have previously been linked to
atherosclerosis risk factors such as hypercholesterolemia and hypertriglyceridemia.sa,
35 However, the participants in these studies were not on statin treatment, and a later
meta-analysis concluded that statin treatment significantly reduced ADMA

concentrations.ss
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The level of soluble E-selectin (CD62) also remained unchanged during the trial. E-
selectin is a cell adhesion molecule expressed by cytokine-activated endothelial cells
and is present both as membrane-bound E-selectin and soluble E-selectin.
Membrane-bound E-selectin binds to ligands on circulating cells, especially
monocytes, thus playing an important role in recruiting cells to the endothelium in
inflammatory processes such as atherosclerosis.37 Soluble E-selectin is considered a
marker for activated endothelium, and the effect of n-3 PUFA on E-selectin has
previously been studied in several populations. No effect of n-3 PUFA on E-selectin
levels was found in a meta-analysis by Yang et al.as Interestingly, one trial showed a
significant reduction in E-selectin after seven months of n-3 PUFA supplements in a
population with hypertriglyceridemia.ss Accordingly, the trial period in our study may
have been too short to demonstrate E-selectin changes. However, atorvastatin
treatment in patients with hypercholesterolemia has previously demonstrated
significant reduction in levels of E-selectin,4o thus statin treatment might have
reduced the E-selectin levels in our study population prior to the n-3 PUFA

supplement.

Apart from a minor increase in hip circumference after the placebo period,
anthropometric data such as waist circumference and body mass index, as well as
blood pressure and heart rate did not change significantly during the present trial
(table 3). These finding are in line with previous publications, both in prior
randomized controlled trials2s, 41 and a recent Cochrane review including 79 n-3
PUFA -trials of at least 12 months duration.42 In contrast, multiple physiologic effects
have been linked to n-3 PUFA, such as blood pressure-lowering and reduction of
heart rate.s3, 44 However, these meta-analyses are partly based on pre-statin trials
which might explain this inconsistency. A consistent finding in n-3 PUFA trials is a
reduction in TG,45 and this effect was also present in our study. Although the
absolute reduction was small, this change in TG was statistically significant (p<0.001)
and represented a 27% reduction in TG after n-3 PUFA supplementation compared
to placebo, in line with previous publications.29, 46 Furthermore, the reduction in TG
levels in the treatment group provides evidence that the participants had a high level
of compliance.

The treatment period was 12 weeks both in the n-3 PUFA and the placebo periods,

because previous studies have shown effect on endothelial function in shorter or

14



equal trial periods.a1, 47, 48 In order to minimize the carryover effect, the blood samples
after intervention and placebo period were separated by at least six months (washout
three months + three months treatment). A high dosage of n-3 PUFA was chosen in
this trial, given the known effect on TG and limited results in selected prior studies
applying low dosage. Our study population consisted of nine individuals with
established CHD and 25 individuals without known CHD. The number of individuals

with CHD was too small to do statistical comparisons between the two groups.

Studies on n-3 PUFA and endothelial function report inconsistent results. Possible
explanations have previously been pointed out, such as the diversity in study design
and end points, different study populations (e.g. diabetes mellitus type 2,
hypertriglyceridemia, healthy individuals, children, obese populations, statin-treated
patients), various dosage of n-3 PUFA and duration of intervention.

Several modalities to assess endothelial function have been utilized in n-3 PUFA -
trials. Among the noninvasive modalities, estimation of flow-mediated dilation by
ultrasound is the one most commonly applied.29, 48-50 PAT has the advantage of being
operator independent and has been used extensively in CVD research, but not so
much in trials evaluating the effect of n-3 PUFA on endothelial function. Two previous
trials assessing individuals not treated with statins, found no significant difference in
RHI after n-3 PUFA measured by PAT,2s, 29 whereas flow-mediated dilation-studies
have shown positive effects on endothelial function after n-3 PUFA administration to
cigarette smokers and adults with metabolic syndrome not treated with statins.47, 48 In
contrast, n-3 PUFA supplement had no effect on endothelial function evaluated by
flow-mediated dilation in statin treated patients with previous myocardial infarction
and type 2 diabetes.ss, 51

The same inconsistency is reflected in randomized controlled trials investigating n-3
PUFA and CVD endpoints.2-11 The recently published results from the A Study of
Cardiovascular Events in Diabetes, Omega-3-trial (ASCEND Omega-3) concluded
that n-3 PUFA supplements did not reduce the incidence of serious vascular events
in diabetic patients without CVD.12 On the other hand, the results from the REDUCE-
IT trial demonstrated reduced risk in the primary end point by supplement of a high
dose of EPA (4 g icosapent ethyl) in statin treated patients with hypertriglyceridemia
and established CVD or risk factors.1z The Japanese EPA Lipid Intervention study

also showed an effect of EPA on major coronary events in a study population using

15



statinsa. The EPA dose in our trial medication was 1.84 g, comparable with the EPA
dose in the JELIS-trial. However, our study medication also contained 1.52 g of
docosahexanoic acid, and we did not find any significant impact on the endothelial
function in our FH population. Future studies should investigate the effect of high
dosage of EPA in the FH population. The potential antiatherogenic effects of n-3
PUFA are not fully elucidated.s2 High levels of TG were linked to decreased
endothelial function in a report by Kajikawa et al,49 nonetheless, the risk reduction of

CVD in the REDUCE-IT-trial was not associated with normalization of TG level.13

Strengths and Limitations

This was a single center study with well-characterized participants. A limited number
of study personnel performed the measurements and examinations of the patients.
The study length was three months in both the n-3 PUFA -period and the placebo-
period, which is comparable to previous studies.

Yet, there are several limitations to consider in the present study. First, our trial
sample was quite small, but the crossover design increased the power. Second, our
study population was a mix of primary and secondary prevention of CVD. Third, our
results may not apply to FH patients with a lower habitual dietary intake of marine n-3
PUFAs. Last, this study did not measure the n-3 PUFA levels in the blood, however
all the participants were above the level of compliance set at 50% according to the
unused medication and the level of TG changed significantly after n-3 PUFA period

compared to baseline levels.

Conclusion
In the present study we found no effect on in vivo or in vitro endothelial function by
adding marine n-3 PUFA to statins in a FH population. Our results do not support

supplementing FH patients with marine n-3 PUFA.

Acknowledgements

Acknowledgements: KTL and AH designed the study. TE and HT evaluated the
endothelial function. JL and KP performed the ADMA and E-selectin analyzes. LNH
performed clinical evaluation of the participants, evaluated the results and drafted the

manuscript. All authors approved the final version of the manuscript.

16



Sources of funding: Financial support was given by an unrestricted grant from the
regional health authorities. Pronova/BASF supplied study medication and placebo

free of charge. The company received the manuscript 14 days prior to submission
but had no influence on the writing process.

Disclosures: The authors report no conflicts of interest.

17



References

1. Siscovick DS, Barringer TA, Fretts AM, et al. Omega-3 Polyunsaturated Fatty Acid (Fish
Oil) Supplementation and the Prevention of Clinical Cardiovascular Disease: A Science
Advisory From the American Heart Association. Circulation. 2017;135:e867-e884.

2. Kromhout D, Bosschieter EB, de Lezenne Coulander C. The inverse relation between
fish consumption and 20-year mortality from coronary heart disease. The New
England journal of medicine. 1985;312:1205-1209.

3. Marchioli R, Barzi F, Bomba E, et al. Early protection against sudden death by n-3
polyunsaturated fatty acids after myocardial infarction: time-course analysis of the
results of the Gruppo Italiano per lo Studio della Sopravvivenza nell'Infarto
Miocardico (GISSl)-Prevenzione. Circulation. 2002;105:1897-1903.

4, Yokoyama M, Origasa H, Matsuzaki M, et al. Effects of eicosapentaenoic acid on
major coronary events in hypercholesterolaemic patients (JELIS): a randomised open-
label, blinded endpoint analysis. Lancet. 2007;369:1090-1098.

5. 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.

6. Burr ML, Fehily AM, Gilbert JF, et al. 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. Burr ML, Ashfield-Watt P, Dunstan F, et al. Lack of benefit of dietary advice to men
with angina: results of a controlled trial. European journal of clinical nutrition.
2003;57:193.

8. Kromhout D, Giltay EJ, Geleijnse JM. n—3 Fatty acids and cardiovascular events after
myocardial infarction. New England Journal of Medicine. 2010;363:2015-2026.

9. Rauch B, Schiele R, Schneider S, et al. OMEGA, a Randomized, Placebo-Controlled
Trial to Test the Effect of Highly Purified Omega-3 Fatty Acids on Top of Modern
Guideline-Adjusted Therapy After Myocardial InfarctionClinical Perspective.
Circulation. 2010;122:2152-2159.

18



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Bosch J, Gerstein HC, Dagenais GR, et al. n-3 fatty acids and cardiovascular outcomes
in patients with dysglycemia. The New England journal of medicine. 2012;367:309-
318.

Roncaglioni MC, Tombesi M, Avanzini F, et al. n-3 fatty acids in patients with multiple
cardiovascular risk factors. The New England journal of medicine. 2013;368:1800-
1808.

Group ASC, Bowman L, Mafham M, et al. Effects of n-3 Fatty Acid Supplements in
Diabetes Mellitus. The New England journal of medicine. 2018;379:1540-1550.
Bhatt DL, Steg PG, Miller M, et al. Cardiovascular Risk Reduction with Icosapent Ethyl
for Hypertriglyceridemia. The New England journal of medicine. 2019;380:11-22.
Moertl D, Hammer A, Steiner S, Hutuleac R, Vonbank K, Berger R. Dose-dependent
effects of omega-3-polyunsaturated fatty acids on systolic left ventricular function,
endothelial function, and markers of inflammation in chronic heart failure of
nonischemic origin: a double-blind, placebo-controlled, 3-arm study. Am Heart J.
2011;161:915.e911-9109.

Catapano AL, Graham |, De Backer G, et al. 2016 ESC/EAS Guidelines for the
Management of Dyslipidaemias. Eur Heart J. 2016;37:2999-3058.

Aung T, Halsey J, Kromhout D, et al. Associations of Omega-3 Fatty Acid Supplement
Use With Cardiovascular Disease Risks: Meta-analysis of 10 Trials Involving 77917
Individuals. JAMA Cardiol. 2018;3:225-234.

Mundal L, Igland J, Ose L, et al. Cardiovascular disease mortality in patients with
genetically verified familial hypercholesterolemia in Norway during 1992-2013.
European journal of preventive cardiology. 2017;24:137-144.

Mundal L, Sarancic M, Ose L, et al. Mortality among patients with familial
hypercholesterolemia: a registry-based study in Norway, 1992-2010. J Am Heart
Assoc. 2014;3:e001236.

Besseling J, Hovingh GK, Huijgen R, Kastelein JIP, Hutten BA. Statins in Familial
Hypercholesterolemia: Consequences for Coronary Artery Disease and All-Cause
Mortality. J Am Coll Cardiol. 2016;68:252-260.

Castano G, Fernandez L, Mas R, et al. Effects of addition of policosanol to omega-3
fatty acid therapy on the lipid profile of patients with type Il hypercholesterolaemia.
Drugs in R&D. 2005;6:207-219.

19



21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Chan DC, Pang J, Barrett PH, et al. omega-3 Fatty Acid Ethyl Esters Diminish
Postprandial Lipemia in Familial Hypercholesterolemia. The Journal of clinical
endocrinology and metabolism. 2016;101:3732-3739.

Friday KE, Failor RA, Childs MT, Bierman EL. Effects of n-3 and n-6 fatty acid-enriched
diets on plasma lipoproteins and apolipoproteins in heterozygous familial
hypercholesterolemia. Arteriosclerosis and thrombosis : a journal of vascular biology.
1991;11:47-54.

Sala-Vila A, Cofan M, Mateo-Gallego R, Cenarro A, Civeira F, Ros E. Eicosapentaenoic
acid in serum phospholipids relates to a less atherogenic lipoprotein profile in
subjects with familial hypercholesterolemia. J Nutr Biochem. 2013;24:1604-1608.
Celermajer DS, Sorensen KE, Gooch VM, et al. Non-invasive detection of endothelial
dysfunction in children and adults at risk of atherosclerosis. Lancet. 1992;340:1111-
1115.

Chan DC, Pang J, Barrett PH, et al. Effect of omega-3 fatty acid supplementation on
arterial elasticity in patients with familial hypercholesterolaemia on statin therapy.
Nutr Metab Cardiovasc Dis. 2016;26:1140-1145.

Dangardt F, Osika W, Chen Y, et al. Omega-3 fatty acid supplementation improves
vascular function and reduces inflammation in obese adolescents. Atherosclerosis.
2010;212:580-585.

Daniel M, Ekenback C, Agewall S, et al. Risk Factors and Markers for Acute Myocardial
Infarction With Angiographically Normal Coronary Arteries. The American journal of
cardiology. 2015;116:838-844.

Hovland A, Aagnes |, Brekke OL, Flage JH, Lappegard KT. No evidence of impaired
endothelial function or altered inflammatory state in patients with familial
hypercholesterolemia treated with statins. J Clin Lipidol. 2010;4:288-292.

Skulas-Ray AC, Kris-Etherton PM, Harris WS, Vanden Heuvel JP, Wagner PR, West SG.
Dose-response effects of omega-3 fatty acids on triglycerides, inflammation, and
endothelial function in healthy persons with moderate hypertriglyceridemia. Am J
Clin Nutr. 2011;93:243-252.

Vaccarino V, Sullivan S, Hommadah M, et al. Mental Stress-Induced-Myocardial
Ischemia in Young Patients With Recent Myocardial Infarction: Sex Differences and

Mechanisms. Circulation. 2018;137:794-805.

20



31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Bonetti PO, Pumper GM, Higano ST, Holmes DR, Jr., Kuvin JT, Lerman A. Noninvasive
identification of patients with early coronary atherosclerosis by assessment of digital
reactive hyperemia. J Am Coll Cardiol. 2004;44:2137-2141.

Haberka M, Mizia-Stec K, Mizia M, et al. N-3 polyunsaturated fatty acids early
supplementation improves ultrasound indices of endothelial function, but not
through NO inhibitors in patients with acute myocardial infarction: N-3 PUFA
supplementation in acute myocardial infarction. Clinical nutrition. 2011;30:79-85.
Engler MM, Engler MB, Malloy M, et al. Docosahexaenoic acid restores endothelial
function in children with hyperlipidemia: results from the EARLY study. International
journal of clinical pharmacology and therapeutics. 2004;42:672-679.

Boger RH, Bode-Boger SM, Szuba A, et al. Asymmetric dimethylarginine (ADMA): a
novel risk factor for endothelial dysfunction: its role in hypercholesterolemia.
Circulation. 1998;98:1842-1847.

Lundman P, Eriksson MJ, Stuhlinger M, Cooke JP, Hamsten A, Tornvall P. Mild-to-
moderate hypertriglyceridemia in young men is associated with endothelial
dysfunction and increased plasma concentrations of asymmetric dimethylarginine. J
Am Coll Cardiol. 2001;38:111-116.

Serban C, Sahebkar A, Ursoniu S, et al. A systematic review and meta-analysis of the
effect of statins on plasma asymmetric dimethylarginine concentrations. Sci Rep.
2015;5:9902.

Silva M, Fung RKF, Donnelly CB, Videira PA, Sackstein R. Cell-Specific Variation in E-
Selectin Ligand Expression among Human Peripheral Blood Mononuclear Cells:
Implications for Immunosurveillance and Pathobiology. J Immunol. 2017;198:3576-
3587.

Yang Y, Lu N, Chen D, Meng L, Zheng Y, Hui R. Effects of n-3 PUFA supplementation
on plasma soluble adhesion molecules: a meta-analysis of randomized controlled
trials. Am J Clin Nutr. 2012;95:972-980.

Abe Y, El-Masri B, Kimball KT, et al. Soluble cell adhesion molecules in
hypertriglyceridemia and potential significance on monocyte adhesion.
Arteriosclerosis, thrombosis, and vascular biology. 1998;18:723-731.

Hackman A, Abe Y, Insull W, Jr., et al. Levels of soluble cell adhesion molecules in

patients with dyslipidemia. Circulation. 1996;93:1334-1338.

21



41.

42,

43.

44,

45.

46.

47.

48.

49.

50.

Rizza S, Tesauro M, Cardillo C, et al. Fish oil supplementation improves endothelial
function in normoglycemic offspring of patients with type 2 diabetes. Atherosclerosis.
2009;206:569-574.

Abdelhamid AS, Brown TJ, Brainard JS, et al. Omega-3 fatty acids for the primary and
secondary prevention of cardiovascular disease. The Cochrane database of
systematic reviews. 2018;7:CD003177.

Geleijnse JM, Giltay EJ, Grobbee DE, Donders AR, Kok FJ. Blood pressure response to
fish oil supplementation: metaregression analysis of randomized trials. J Hypertens.
2002;20:1493-1499.

Mozaffarian D, Geelen A, Brouwer IA, Geleijnse JM, Zock PL, Katan MB. Effect of fish
oil on heart rate in humans: a meta-analysis of randomized controlled trials.
Circulation. 2005;112:1945-1952.

Mozaffarian D, Wu JH. Omega-3 fatty acids and cardiovascular disease: effects on risk
factors, molecular pathways, and clinical events. J Am Coll Cardiol. 2011;58:2047-
2067.

Siniarski A, Haberka M, Mostowik M, et al. Treatment with omega-3 polyunsaturated
fatty acids does not improve endothelial function in patients with type 2 diabetes
and very high cardiovascular risk: A randomized, double-blind, placebo-controlled
study (Omega-FMD). Atherosclerosis. 2018;271:148-155.

Din JN, Archer RM, Harding SA, et al. Effect of omega-3 fatty acid supplementation on
endothelial function, endogenous fibrinolysis and platelet activation in male cigarette
smokers. Heart (British Cardiac Society). 2013;99:168-174.

Tousoulis D, Plastiras A, Siasos G, et al. Omega-3 PUFAs improved endothelial
function and arterial stiffness with a parallel antiinflammatory effect in adults with
metabolic syndrome. Atherosclerosis. 2014;232:10-16.

Kajikawa M, Maruhashi T, Matsumoto T, et al. Relationship between serum
triglyceride levels and endothelial function in a large community-based study.
Atherosclerosis. 2016;249:70-75.

Goodfellow J, Bellamy MF, Ramsey MW, Jones CJ, Lewis MJ. 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.

22



51.

52.

53.

54.

Din JN, Sarma J, Harding SA, Lyall K, Newby DE, Flapan AD. Effect of omega-3 fatty
acid supplementation on endothelial function, endogenous fibrinolysis and platelet
activation in patients with a previous myocardial infarction: a randomised controlled
trial. BMJ Open. 2013;3:e003054.

Kawashiri MA, Tada H, Yamagishi M. Unsolved Antiatherogenic Mechanism of n-3
Polyunsaturated Fatty Acids. Circ J. 2018;82:332-333.

Bogsrud MP, Graesdal A, Johansen D, et al. LDL-cholesterol goal achievement,
cardiovascular disease, and attributed risk of Lp(a) in a large cohort of predominantly
genetically verified familial hypercholesterolemia. J Clin Lipidol. 2019;13:279-286.
Leren TP, Sundvold H, Rodningen OK, et al. Screening for known mutations in the LDL
receptor gene causing familial hypercholesterolemia. Human genetics. 1995;95:671-

676.

23



Figure Legends

Figure 1. lllustration of the crossover trial design.
1: First hospital evaluation (HE), 2: Second HE, 3: Third HE, 4: Final HE

Figure 2. Reactive hyperemia index (RHI)-values after Omega-3 fatty acid

supplement versus placebo, no significant difference. SEM — standard error of mean.

Figure 3. Asymmetric dimethylarginine (ADMA) levels after Omega-3 fatty acid

supplement versus placebo, no significant difference. SEM — standard error of mean.
Figure 4. Asymmetric dimethylarginine Xpress (ADMA Xpress) levels after Omega-3
fatty acid supplement versus placebo, no significant difference. SEM — standard error

of mean.

Figure 5. E-selectin levels after Omega-3 fatty acid supplement versus placebo, no

significant difference. SEM — standard error of mean.
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Tables

Table 1. Inclusion and exclusion criteria

Inclusion criteria Exclusion criteria
Age 18-75 yrs Non-compliance
Genetically verified FH Intake of PUFAs (requires three months

washout period before enrollment)
Clinically stable, with and without CVD  Pregnancy or planned pregnancy / fertility
treatment
Statin treatment >12 months Breastfeeding
Cancer and/or severe illness
Blood samples at inclusion outside ref.

range*

*If lab values outside normal range in control blood samples, the study patient was excluded from
the study

Table 2. Population characteristics at

inclusion

n 34
Female 17
Age (range) 46.6 (18-71)
Current smoker (%) 5 (15)
Established coronary disease 9 (27)
(%)

Statin treatment*

Atorvastatin (%) 22 (65)
Rosuvastatin (%) 8 (24)
Simvastatin (%) 4(12)
Statin+Ezetimibe (%) 12 (35)
Mutation

D200N

C210G 6
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L380V

Del Exon 11-14

136C-T
R3500Q
Gujerat

Del Exon 2-3
R395W
T705I

P R N N W b O

1

All mutations are low density lipoprotein receptor mutations, except R3500Q which is a mutation of the
apolipoprotein B gene. A recent Norwegian study reported that 97% of familial hypercholesterolemia was due to
mutations in the low density lipoprotein receptor LDL receptor,s3 and the Gujerat mutation has previously been

described in Norway.s4

Table 3. Effect of Omega-3 fatty acids versus placebo on anthropometric

characteristics, blood pressure, heart rate and lipids

BMI (kg/m2)
Waist (cm)
Hip (cm)
sBP (mmHg)
dBP (mmHg)
HR (bpm)

Total cholesterol

mmol/L
mg/dL
LDL-C
mmol/L
mg/dL
HDL-C
mmol/L
mg/dL

Baseline

27.6+5.0
90+14

102+ 9

133 £ 20
76.6 £10
68 £ 12

50+1.1
193.4 £42.5

3.2+1.0
123.7 £38.7

1.4+£0.5
54.1+19.3

After Omega-3 After placebo

fatty acids

27.6 £5.2
91+14
103+ 9
131 +16
76 £10
66 + 8

4.6 +0.8*
177.9 £30.9*

2.8+ 0.9**
108.3 £ 34.8**

14+04
54.1 £+ 155

27.8+5.2
91+15

104 £ 10*
134 £21
76 £12

67 £ 10

50+1.1
193.4 £42.5

3.2+09
123.7 £ 34.8

14+04
54.1 £ 155
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TG
mmol/L 1.09 + 0.59 0.84 + 0.39%** 1.15+0.86
mg/dL 96.5 +52.3 74.4 + 34 5%%+ 101.9 + 76.2

Data are presented as mean +SD.

BMI — body mass index, Waist — waist circumference, Hip — Hip circumference, sBP — systolic blood
pressure, dBP — diastolic blood pressure, HR — heart rate, LDL-C — low-density lipoprotein
cholesterol, HDL-C — high density lipoprotein cholesterol, TG — triglycerides.

The p-value was calculated as the difference between baseline values and after Omega-3 fatty
acids period or the difference between baseline values and after placebo period using paired t-test
(normally distributed difference) or Wilcoxon Matched Pairs Signed Rank test (not normally
distributed difference).

*  p<0.05

**  p<0.01

% P <0.0001
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