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Abstract: Background and Objectives: Metabolic syndrome (MS) represents several diseases
encompassing a heterogeneous group of biochemical and physiological abnormalities
characterized by structural and functional alterations in the myocardium, including the
endothelium of the coronary arteries. MS also affects a substantial portion of the global
population. Understanding the risk factors, the development and treatment associated with
MS are of paramount importance for early identification, treatment and prevention. This
study was designed to evaluate the role of the supplementation of omega-3 polyunsaturated
fatty acids (n-3 PUFAs) on endothelial function in patients with MS. Materials and Methods: A
total of 80 patients with MS were enrolled in two groups. The study evaluated endothelial
function (EF) in subjects before and after a three-month treatment with n-3 PUFAs in
a dose of 2.4 g daily (800 mg, three times a day) vs. placebo, using an Endo-PAT2000
device (Itamar Medical Ltd., Caesarea, Israel) measuring the reactive hyperemia index (a
parameter of EF) and augmentation index (a parameter of arterial stiffness). Plasmatic
levels of glutathione peroxidase, homocysteine, apolipoprotein B and lipoprotein were
also evaluated for comparison. Results: The results showed that the average value of
reactive hyperemia index before the treatment with n-3 PUFAs was 1.62 & 0.42, compared
to 1.96 & 0.62 at the end of the study (p < 0.005). The augmentation index changed from
14.66 £ 19.55 to0 9.21 + 15.64 after the treatment (p = 0.003) with n-3 PUFA. The results also
revealed a statistically significant decrease in apolipoprotein B (0.94 & 0.36 vs. 1.13 & 0.35,
p = 0.001) and homocysteine (19.31 £ 5.29 vs. 13.78 £ 3.05, p = 0.001) and an increase in
glutathione peroxidase plasma levels (41.65 & 8.90 vs. 45.20 & 8.01), p = 0.001. Conclusions:
The results of this prospective study showed a significant improvement in EF in subjects
with MS treated with n-3 PUFAs in a dose of 2.4 g daily.

Keywords: metabolic syndrome; endothelial dysfunction; heart diseases; omega-3
fatty acids

1. Background

Despite advances in preventive cardiology, cardiovascular (CV) mortality remains
high globally. Metabolic syndrome (MS) is defined as a simultaneous presence of lipid- and
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non-lipid-related CV and cardio-metabolic risk factors that significantly increase the risk
of CV disorders, as well as type 2 diabetes (T2DM). A common trait of these risk factors
is the fact that they cause endothelial dysfunction (ED). ED plays a significant role in the
development and clinical manifestation of atherosclerosis [1].

Omega-3 poly-unsaturated fatty acids (n-3 PUFAs) used for the primary and secondary
prevention of CV disorders are currently associated with a wide range of evidence within
the framework of evidence-based medicine. Their anti-inflammatory, anti-thrombotic,
anti-arrhythmic and triglyceride-reducing effects (at high doses) are well established and
often associated with an increase in HDL cholesterol. The objective of this work was to
assess the possible effect of n-3 PUFA on EF in MS patients [2].

The first evidence of the benefits of n-3 PUFA originated in 1970s, based on published
reports revealing a reduction in the prevalence of ischemic heart disease (IHD) and diabetes
in Eskimos Inuit’s, who lived in Greenland and who were found to have high n-3 PUFA
levels due to an excessive intake of fish fat that contained n-3 PUFA [1]. These reports have
been expanded over recent decades, extended, supplemented and analyzed in additional
clinical studies. The results of GISSI Prevenzione and DART studies present an explanation
for several effects of n-3 PUFA [2,3].

Clinical data supporting a reduction in the progression of atherosclerosis with n-
3 PUFA originated from SCIMO (Study on the Prevention of Coronary Atherosclerosis
by Intervention with Marine Omega-3 fatty acids). This study undertook a quantitative
analysis of the progression and regression of plaque in coronary arteries [4]. Based on
extensive evidence-based medicine data in the primary and secondary prevention of CV
diseases, n-3 PUFAs have their role in the recommendations of international and global
organizations [5].

Considering the results from previous studies, the current study was designed to
evaluate the role of n-3 PUFA supplementation on EF in patients with MS compared to a
placebo group.

2. Methodology
2.1. Study Population

A total of 80 patients with MS out of 984 (screened) were enrolled in the study (40 pa-
tients on n-3 PUFAs and 40 patients on a corresponding placebo). Patients were randomly
divided among study subgroups, and the investigators were blinded to the investigating
product.

The patient population was based on the number of patients examined at the out-
patient cardiology office (academic-based) of Pavol Jozef Safarik University in Kosice, as
well as the patients referred by cooperating cardiologists. The main exclusion criteria were
MS and patients who took any nutrition supplements containing n-3 PUFAs in the last
6 months. Other exclusion criteria were a known hypersensitivity to the study treatments
and conditions that in the opinion of the investigator would be associated with poor
adherence to the protocol. When enrolling the patients, the trial focused especially on
clinically stable patients who were not expected to have either their pharmacotherapy or
lifestyle changing during the observed study period.

In the n-3 PUFAs group, there were 56.5% (23) male and 43,5% (17) females, with a
mean age of 60.5 years, range 31-81 years. MS was classified according to the definition
of the IDF (2005) (International Diabetes Federation), with a discriminating factor being
the presence of abdominal obesity [6]. Table 1 presents the patient medication at the start
and at the end of the trial in the n-3 PUFAs group of patients, and Figure 1 presents the
prevalence of the presence of International Diabetic Federation (IDF) criteria for MS. The
main components include diabetes mellitus (DM), blood pressure (BP) triglycerides (TGs),
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high-density lipoprotein (HDL) and waist circumference (WC) As outlined in Table 1 statins
were mostly used by 36 patients representing 90%. Figure 2 presents the use of individual
statins at various doses in the n-3 PUFA group of patients.

Table 1. Medication in n-3 PUFA group of evaluated patients.

Medications N. of Patients at Start N. of Patients at End 2 %
ACEi 25 22 NS 62.50
Beta-blocker 32 32 NS 80.00
Calcium channel blocker 14 14 NS 35.00
Sartan—AT1 Blockers 12 12 NS 30.00
Alfa-blocker 12 12 NS 30.00
Diuretics 30 28 NS 75.00
Acetylsalicylic acid 15 15 NS 37.00
Trimetazidin 18 18 NS 45.00
Insulin 6 6 NS 15.00
Oral antidiabetics 12 12 NS 30.00
Nitrates 10 10 NS 25.00
Clopidogrel 7 7 NS 17.00
Allopurinol 8 8 NS 20.00
Proton pump inhibitors 2 2 NS 5.00
Warfarin 3 3 NS 7.50
Dabigatran 1 1 NS 2.50
Rivaroxaban 2 2 NS 5.00
Ivabradine 4 4 NS 10.00
Propaphenone 1 1 NS 2.50
Amiodarone 1 1 NS 2.50
Digoxin 2 2 NS 5.00
L-thyroxine 3 3 NS 7.50
Prasugrel 1 1 NS 2.50
Statins 36 34 NS 90.00
Fibrat 8 8 NS 20.00
Ezetimibe 6 6 NS 15.00

Representation of components of MS

45
95% 100% mDM2/gl i
40 ) glycaemia>5.6mmol/l
(60%)
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m AH/ BP>130/85 (95%)
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60%
25

[6;]

mTG>1.7mmol/l (40%)
20 E 35%
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0

Figure 1. Representation of components of metabolic syndrome in n-3 PUFA group of patients.
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Representation of statin therapy (%)
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Figure 2. Representation of statin therapy (%) in n-3 PUFA group of patients.

Upon signing the informed consent form, all patients had a physical checkup, includ-
ing blood pressure measurement, waist and hip circumference measurements, body height
and body weight. Laboratory tests were performed, and each patient was evaluated using
the EndoPAT device (Itamar Medical Ltd a subsidiary of ZOLL Medical Corporation, in
the United States). At the beginning of the study, the patients initially received n-3 PUFAs
(ZenixX Vital, Pleuran sro, Bratislava, Slovak Republic) at the dose of 2.4 g per day, divided
into three daily doses of 800 mg. While a 1 g fish oil capsule, containing up to 200 mg of
DHA and 300 mg of EPA, is recommended by the health service for preventive therapy,
high-dose fish oil (up to >6 g/day) and concentrated omega-3 fatty acids (4 g/day) were
used as triglyceride-lowering agents in patients with significant hypertriglyceridemia [7].
Based on the current clinical experience, this study used a medium dose.

All tests were performed before starting the study therapy and at the end of the subject
period after three months (+1 week). The effect of treatment with n-3 PUFAs on ED was
assessed on the following basis:

1. Selected laboratory markers and ED risk factors: glutathione-peroxidase (GPX), ho-
mocysteine (Hcy), lipoprotein (a) (Lp(a)), apo-lipoprotein B (ApoB);

2. Markers of arterial stiffness measured by augmentation index (AI) and the index
of reactive hyperemia (RHI) measured as an endothelium function parameter were
investigated using an EndoPAT 2000 device (Itamar Medical Ltd a subsidiary of ZOLL
Medical Corporation, in the United States).

2.2. Laboratory Markers Evaluation

Of the assessed parameters, upon sample collection, the Lp(a), ApoB and Hcy were
processed by a local laboratory. Specific ED markers such as GPX were sent in vials
with heparin to the University Science Park-MEDIPARK, Pavol Jozef Safarik University,
Kosice, Slovakia, where centrifuged plasma was frozen (—80 °C) until individual tests were
performed. Upon thawing, a volume of 50 uL of heparinized blood was added to 2 mL of
dilution solution. Upon the measurement of Hb concentrations in the resulting hemolysate,
the glutathione peroxidase (GPX) activity was determined using a RANSEL kit (RANDOX,
Dublin, Ireland), using the automatic analyzer Daytona. GPX activity in control samples
was also determined with each measurement series for comparison.

2.3. Assessment of Endothelial Dysfunction Using EndoPAT 2000

The EndoPAT 2000 was designed as a simple method for the non-invasive measure-
ment of ED. The method involved the measurement of the changes of vascular tone in the
peripheral vascular bed (PAT—peripheral arterial tone), using plethysmography, and the
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measurement was performed independent of the investigator. The EndoPAT assessment
involved vasodilation-hyperemia following the previous application of a tourniquet on
the extremity. The EndoPAT measured the signal from the vascular bed of the entire finger,
including the microcirculation. The test enabled a differentiation between systemic and
endothelial-induced vaso-reactivity. Moreover, the measurement was performed simultane-
ously on both upper extremities, and the resulting curves were compared. The assessment
needed to be performed in a separate, quiet and warm room (Figures 3 and 4).

Control Arm

ezl e et

Experimental Arm

s
t t

Cuff Occlusion Cuff Release

Figure 3. Original traces showing examples of normal endothelial function (vasodilation).

Control Arm

Experimental Arm

——arlncssts
! i

Cuff Occlusion Cuff Release

Figure 4. Original traces showing examples of endothelial dysfunction.

Patient preparation before the assessment was required. In this study, each patient
fasted for at least 4 h. They were asked to avoid nicotine, vitamins or any other medication
for 8 h, as these would affect the vascular tone [8]. During the test, usually taking about
20 min, each patient was placed in a supine or semi-sitting position, most commonly with
closed eyes, no talking and no movement of the upper extremities to avoid interference
with the electrode signals. The sensing electrodes were placed on both index fingers and
inflated, and subsequently, a signal check was carried out. The signal was recorded by the
computer and observed by the investigator in the form of 2 curves throughout the test.
During the first 5 min, the upper extremity was left without occlusion, and afterwards, the
cuff was inflated using a pressure gauge to a pressure of at least 200 mm Hg for at least
5 min. Thereafter, the cuff was deflated, and the signal after occlusion was observed for
at least an additional five minutes. The outcome of the test was automatically assessed
employing the system software, using two parameters: reactive hyperemia index (RHI)
and augmentation index (AI) [9].
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2.4. Statistical Analysis

This study employed basic description statistics for continuous variables to describe
the population. These included number, mean value, standard deviation, minimum and
maximum values and a 95% confidence interval for mean values. For categorical values,
absolute and relative frequency were used. To compare the mean values of continuous
parameters for two or more groups, scatter analysis was used. The Chi-square test was
used to compare categorical variables. A paired t-test was used to determine the effect of
treatment, comparing the parameter values at the beginning and at the end of the therapy.
When testing hypotheses, this study considered significance as a value of p < 0.05. The
study was approved by the ethics committee from Pavol Jozef Safarik University in Kosice,
Slovakia.

3. Results

The results of the study revealed that supplementation with n-3 PUFAs in MS sig-
nificantly decreased ApoB (0.94 £ 0.36 vs. 1.13 £ 0.35, p = 0.001) and homocysteine
(13.78 £ 3.05 vs. 19.3 £ 5.29, p = 0.001) and, concurrently, increased GPX (41.65 =+ 8.90 vs.
45.20 £ 8.01, p = 0.001). On the other hand, Lp(a) did not change during this short pilot
trial (0.30 £ 0.29 vs. 0.29 £ 0.33, p = NS) (Table 2). Among all the observed subjects, three
patients (7.5%) failed to come to the follow-up visit after 3 months, due to voluntary discon-
tinuation of the study treatment in the active group of patients. Moreover, no significant
changes in laboratory biomarkers in the placebo group of patients were observed in this
study.

Table 2. Comparison of selected laboratory markers and risk factors of endothelial dysfunction
before and after 3-month treatment with n-3 PUFA. Using paired t-test, data are mean + SD; n = 37;
*p <0.001.

Lab Markers Numbers Tr]::tfr(::nt Trggsi.‘nt p
Lp(a) 37 0.30 + 0.29 0.29 +0.33 NS
ApoB 37 1.13 +0.35 0.94 + 0.36 0.001 *
HCy 37 19.31 +5.29 13.78 + 3.05 0.001 *
GPX 37 41.65 + 8.90 45.20 + 8.01 0.001 *

NS = not significant, GPX = glutathione peroxidase; HCy = homocysteine; Lp(a) = lipoprotein; ApoB = apo-
lipoprotein B.

In this study, very interesting results were observed upon testing the ED using the
EndoPAT 2000. Of the 40 patients employed in this study, 37 of them displayed statistically
significant differences in reactive hyperemia index (RHI), which is a marker for endothelial
function, and augmentation index (Al), indicating arterial stiffness. The RHI increased
from baseline values of 1.62 £ 0.42 to 1.96 & 0.62 after treatment (p = 0.005), while the Al
decreased from 14.66 £ 19.55 to 9.21 £ 15.64 (p = 0.002) after three months of treatment.
No significant change or improvement was visible in the placebo group of patients during
the trial (Table 3). Statistical significance was observed even between the groups of patients
during the trial (Table 4).
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Table 3. Comparison of results of EndoPAT 2000 before and after 3 months of supplementation with
n-3 PUFA vs. placebo group. Using paired t-test, data represent mean + SD; n = 37; * p < 0.005.

n-3 PUFA N Before After p
Group Treatment Treatment
RHI 37 1.62 + 0.42 1.96 + 0.62 0.005 *
Al 37 14.66 £ 19.55 9.21 +15.64 0.003 *
Placebo group
RHI 40 1.51 +0.38 1.514+0.38 NS
Al 40 16.46 +17.43 18.89 £ 13.49 NS

RHI—reactive hyperemia index; Al—augmentation index.

Table 4. Comparison of results of EndoPAT 2000 before and after 3-month supplementation with n-3
PUFA vs. placebo group (between groups). Using paired t-test, data represent mean + SD; n = 37;

*p < 0.001.
Before Treatment  Before Treatment After Treatment After Treatment
n-3 PUFA Placebo P n-3 PUFA Palcebo P
RHI 1.62 +0.42 1.514+0.38 NS 1.96 + 0.62 1.58 + 0.42 0.001 *
Al 14.66 + 19.55 16.46 +17.43 NS 9.21 +15.64 18.89 + 13.49 0.001 *

RHI—reactive hyperemia index, Al—augmentation index.

4. Discussion

This pilot study employed a total of 40 n-3 PUFA-treated and 40 placebo patients in
a short trial. According to the literature, initial small trials require about 20-80 subjects,
compared to phase 2 trials which require 100-200 subjects. Instead of using the minimum
of 20 subjects, it was felt that 40 patients would provide a convincing significant value
comparing the two cohorts. In this study, the n-3 PUFA group consisted of 56.5% (23) male
and 43.5% (17) females with a mean age of 60.5 years, range 31-81 years. Interestingly,
many of these patients were working age in life.

Based not only on evidence-based medicine data but also on this current pilot trial,
it is possible to conclude that n-3 PUFA represents a benefit for MS patients due to its
lipid-lowering effect through its positive effect on atherogenic dyslipidemia. This study
has also demonstrated that supplementation with n-3 PUFAs can lead to an improvement
in ED in MS patients compared to a placebo group. Therefore, it is tempting to suggest
that n-3 PUFA is exerting a protective beneficial effect on the atherogenic process in the
blood vessels of the body. These findings suggest that there is a potential beneficial use for
n-3 PUFAs in a comprehensive treatment of MS, especially since ED represents the basic
common denominator in the pathogenesis of all components of MS.

ED occurs in the early stages of atherosclerosis, where disorders in the reactivity of
blood vessels precede structural changes in the vascular wall, resulting from the joint
action of all atherogenic and athero-protective factors. Most of the known risk factors of
atherosclerosis, such as dyslipidemia, hypertension, diabetes, smoking, age, inactivity and
menopause are all associated with ED. In the past 10 years, attention has been focused on
additional important risk factors of atherosclerosis and ED. These include ApoB, ApoA,
triglycerides, triglyceride-rich lipoproteins, small dense LDL particles, oxidized LDL,
oxidized LDL antibodies, Lp(a), Hcy and C-reactive protein (CRP) measured using a high-
sensitivity method (hsCRP) [9]. As such, it is important to discuss the risk factors and
markers of ED observed in the current study.

The measurement of ApoB in MS patients is of paramount importance. These pa-
tients sometimes have normal levels, but their LDL consists of the population of so-called
“small dense LDL particles”, with very high atherogenic potential. These small dense
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LDLD particles contain a greater percentage of ApoB, and the measurement of ApoB
helps to better estimate the proportion of this high-risk population of LDL. The AMORIS
study (Apolipoprotein Mortality Risk Study), as well as the large international study, IN-
TERHEART, have shown that apoprotein B levels, as well as the apoB/apoA-I, ratio can
significantly improve the estimate of cardiovascular risk [10]. In the current study, the
data have shown that the supplementation of n-3 PUFAs in patients with MS can lead to a
significant decrease of ApoB. Similar results over a period of 12 weeks have been shown
also by the multicenter randomized study, MARINE [11]. Nevertheless, it must be admitted
that only EPA (eicosatetraenoic acid) was supplemented in this study, as compared to our
study, where a combination of EPA+DHA (deoxyhexose acid) was used, with EPA at a dose
of at least 155 g and DHA at least at 520 g).

Another risk factor of ED is hyperhomo-cysteinemia (Hcy), even though its causal
relation to CV risk is subject to controversy and discussion. Nevertheless, large, random-
ized studies such as NORVIT and HOPE-2 SEARCH failed to show that a reduction in
Hcy would lead to a decrease in CV risk [12], like the multicenter, randomized, placebo-
controlled, double-blind “SU.FOL.OM3” study.

In a study by Blacher et al. [13] they demonstrated that folic acid (group B vitamins)
can elicit a significant decrease in Hcy following treatment with n-3 PUFAs, but surprisingly,
this has not resulted in reduced CV morbidity. In the current study, following the supple-
mentation with n-3 PUFAs, the results show a significant decrease in Hcy levels. However,
to demonstrate the effect of CV morbidity, a longer observation is needed with a larger
patient population, as well as employing a higher dosage of n-3 PUFAs than that used
in SU.FOL.OMS3. In turn, this could, therefore, be the objective of future clinical studies.
However, an interesting finding involves the fact that Hcy, probably through increased
vascular oxidative stress and atherothrombosis, can partially suppress the expression go
GPX-1 gene, located at the 3p21.3 chromosome. Among many factors that contribute to the
risk of atherosclerosis in plasma, great emphasis is placed on GPX-3, a basic extracellular
peroxidase, that plays a significant role in the modulation of oxidative stress. A lack of
GPX-3 is associated with the reduced biological availability of nitric oxide and the increased
activation of platelets [14,15]. In the current study, following treatment with n-3 PUFAs,
the data have shown a significant increase in GPX, thus confirming the parallel antioxidant
effect of n-3 PUFAs, which can significantly affect ED and the process of atherogenesis.

Another independent risk factor of development of CV disorders is the increased level
of Lp(a), as shown by currently available meta-analyses of epidemiological studies [16].
Lp(a) increases the risk of stroke and death associated with vascular events in elderly males,
independently of LDL cholesterol levels. A reduction in Lp(a) is the secondary priority,
following a reduction in LDL cholesterol and total cholesterol [16]. In the patient population
of the current study, n-3 PUFAs did not significantly decrease Lp(a), and enrolling plasma
levels did not reach significant values at all.

ED plays an important role in long COVID syndrome as reported by recent papers,
where COVID-19 can impair ED directly either as a viral effect or via cytokines” inflamma-
tory response on endothelial cells to reduced nitric oxide bioavailability [17]. More common
in patients with non-respiratory symptoms, long COVID-19 symptoms could be persistent
due to ED, and thus, better care for the patients could be offered by n-3 PUFA supple-
mentation. These conclusions need to be confirmed by another pilot, placebo-controlled
trial.

In addition to the laboratory assessment of ED, the non-invasive measurement of
ED using the EndoPAT 2000 is currently coming to the center of attention. This method
involves the measurement of changes in vascular tone in the peripheral vascular bed
(PAT—peripheral arterial tone) using plethysmography. The common principle for the
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EndoPAT 2000 and flow-mediated dilation (FMD) is vasodilation-hyperemia, following the
previous occlusion of the extremity. A significant advantage compared to FMD is the fact
that the EndoPAT 2000 is also a measure for arterial stiffness. Arterial stiffness is increased
in various pathological conditions, such as ischemic heart disease, MS, chronic kidney
disease and others [1]. The current study assessed endothelial function using the EndoPAT
2000, based on the values of two parameters, RHI and Al There are no official reference
values available for RHI, but in general, RHI values under 1.67 are classified as ED, while
the higher values of RHI are considered normal or represent an improvement in endothelial
function. The normal range of Al is between —30% and —10%, the limit value of Al is
between —10% and 10%, and abnormal values of Al are above 10% [18,19]. This method
was used to demonstrate the improvement in the parameters of ED and arterial stiffness in
the MS patients in our study after 3 months of n-3 PUFA supplementation vs. the placebo
group of patients.

The results of this study have clearly demonstrated that n-3 PUFA supplementation
can exert significant beneficial effects in reducing and even preventing ED in susceptible
MS patients. However, it is worth noting that ED is due to several risk factors, including
hyperglycemia, overweight, obesity and increased waist circumference, high blood pressure
and chronic stress, smoking, excessive alcohol consumption, inactivity or a sedentary
lifestyle, elevated triglycerides and cholesterol, a diet rich in fats and sugar, a reduced
fiber, vegetables and micronutrients intake normally found in Mediterranean diets and
others [20]. In the present study, no questionnaire was employed to retrieve data about
lifestyle changes, including inactivity, diet and others, from the two cohorts of patients
who participated in this study. The question which now arises is: are the beneficial effects
on ED due to the supplementation of n3-PUFAs or lifestyle changes or both? Since the
placebo had no beneficial effect on ED, then it is tempting to suggest that n-3 PUFA is
indeed reducing ED. Further experiments are required to distinguish between these two
parameters, employing other groups of cohorts who have had no lifestyle changes and
those who have had lifestyle changes. It is also noteworthy that these different risk factors
can work synergistically to induce MS. As such, for n-3 PUFA supplements to have a far
better beneficial effect in the treatment of MS, then susceptible patients must change their
lifestyle habits, combined with an element of psychological intervention to adhere to the
changes [21].

It is noteworthy that overweight and severe obesity are major recognizable risk factors
globally among old and young subjects for the development of MS and several other
medical conditions. Some of these disorders include type 2 diabetes mellitus (T2DM),
hypertension, cardiovascular diseases (CVDs), hyperuricemia, inflammatory bowel dis-
ease, certain type of cancers, viral diseases, menstrual irregularities, asthma, osteoarthritis,
chronic back pain, obstructive sleep apnea, non-alcoholic fatty liver disease, gall bladder
diseases and others [22,23]. Obesity seems to be the trigger in initiating and developing
coronary artery disease, heart failure, cardiac arrhythmias and strokes, which are respon-
sible for most deaths globally [24,25]. Like the current study, several other studies have
shown the beneficial actions of n-3 PUFAs in cardio protection, including hypertension,
myocardial infarction, arrhythmias, strokes and sudden cardiac death [26,27]. Like obesity,
diabetes is a major metabolic disorder that can lead to several long-term complications
including cardiomyopathy and sudden cardiac death [28]. Several studies have demon-
strated that n-3 PUFA supplements can control blood sugar levels and lipid profiles in
patients with T2DM, thereby preventing diabetes-induced long-term complications [29].
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Limitations of the Study

The study was limited by the low number of subjects, affecting the results of the effect
on ED. Another limitation is the duration of the observation period; a 3-month observation
is not necessarily sufficient to assess the change in endothelial function. Additionally, it
needed to be explained that the present study did not involve a homogenous population
of subjects (statins treatment at various doses, monotherapy vs. combination therapy and
the lengths of dyslipidemia treatment before the pilot trial starts. All this mentioned above
could possibly affect the results due to known statins pleiotropic effects. Another source of
possible errors involved the assessment using the highly sensitive device, EndoPAT 2000,
despite our effort to ensure the strict observation of the requirements and procedures.

5. Conclusions

In this three-month observational study, the supplementation of n-3 PUFAs was able to
improve ED in MS patients, as assessed by two selected markers, employing two different
methods (laboratory and plethysmography measurements using the EndoPAT 2000). n-3
PUFA supplementation (2.4 g per day) was associated with a significant reduction in ApoB
and Hcy and significant increase in the GPX antioxidant enzyme. Simultaneously, there
was a significant improvement in arterial stiffness, as was assessed by a marked reduction
in Al and an improvement in ED, accompanied by significant increase in RHI. This study
did not observe positive changes in the placebo group of patients.

It is concluded that the effect on individual components of MS, based on the possible
positive effect of the supplementation of n-3 PUFAs on ED, appears to be one of the
promising and potential clinical alternatives available to modify the atherogenic process at
a level that should be investigated by future clinical studies.
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