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Diabetes mellitus (DM) is a global epidemic 
affecting at least 8.3 % of the population and 
371 million people worldwide with a significant 
proportion (50 %) remaining undiagnosed. It 
is estimated that almost one of six people are 
currently at risk of developing diabetes-related 
complications [1, 2]. The majority of patients 
with long-term course of DM [mainly type 2 
diabetes mellitus (T2DM)] are diagnosed with 
coronary heart disease (CHD) due to coronary 
artery atherosclerosis. Often the course of CHD 
is complicated by combination of hypertension, 
specific kidney arterial involvement, eyes and 
lower limbs affection. Metabolic alterations 
in the myocardium are combined with early 
coronary atherosclerosis. All these changes in 
heart occur out of prolonged duration of DM 
among middle age and elderly patients [coro-
nary vessels affection, myocardium changes, 
diabetic cardiovascular autonomic neuropathy 

(CAN) and arterial sclerotic disease] are asso-
ciated with the term «diabetic heart or diabetic 
cardiomyopathy». Conditionally, there are two 
main forms of heart disease in case of DM: dia-
betic cardiomyopathy (non-coronary genesis); 
ischemic heart disease (IHD). There is a meta-
bolic stage (actual cardiomyopathy); metabolic-
ischemic stage is chemic heart disease; myo-
cardial infarction (MI); dystrophic coronary 
cardiosclerosis; CAN [3, 4].

Numerous studies report salutary effects 
of omega-3 polyunsaturated fatty acids (ome-
ga-3 PUFAs), i. e. eicosapentaenoic (EPA) and 
docosahexaenoic acid (DHA) on cardiovascular 
diseases (CVD) risk factors. These effects in-
clude lowering of serum triglyceride (TG) by 
reducing of hepatic TG production; lowering of 
blood pressure (BP) by improving of endothelial 
cell functution; decreasing of platelet aggrega-
tion by reducing of prothrombotic prostanoids; 

*	 The study was conducted as part of the research work of the Department of Endocrinology of Danylo Halytsky 
Lviv National Medical University «Specifics of metabolic, functional, and structural disorders of the cardiovascular 
system and digestive organs in patients with diabetes mellitus» (State Registration Number 0111U000131).

Institution, which financed the research: Ministry of Health of Ukraine.
The authors assume responsibility for the published work.
The authors guarantee absence of competing interests and their own financial interest when carrying out the 

research and writing the article.
The manuscript was received by the editorial staff 29.08.2018. 

ОГЛЯДИ



53Проблеми ендокринної патології № 4, 2018

Огляди

decreasing inflammation via reduction in 4-se-
ries leukotrienes (LT) production; protection 
from arrhythmias by modulation of electrophy- 
siological properties of cardiac myocytes [5, 6].

Omega-3 polyunsaturated fatty acids:  
a brief overview

Several experimental studies have shown 
that long-chain omega-3 PUFAs inhibit the ab-
sorption of cholesterol in the intestine and its 
synthesis in the liver, lead to increased clear-
ance of lipoproteins in the blood, prevent the 
development of insulin resistance (IR) in ex-
perimental diabetes, increase the level of glu-
cose transporter type 4 (GLUT4) mitochondrial 
RNA in skeletal muscles, have a positive ef-
fect on age related decrease of blood flow in the 
brain and improve glucose utilization in hyper-
tensive rats under stress; there isn’t any influ-
ence on the development of hypertension and 
obesity. 

Omega-3 PUFAs decrease level of BP, dose-
dependent prevent the development of DM, IR, 
improve the sensitivity to platelet adenosine 
diphosphate (ADP) and collagen, contribute to 
positive changes of blood coagulation; enhance 
endothelial cell migration and inhibits the pro-
liferation of smooth muscle cells [7–9].

Omega-3 and omega-6 PUFAs are essential 
fatty acids, as they cannot be synthesized de 
novo in humans. In food sources main omega-3 
PUFA are: alpha-linolenic (alpha-LLA, C18:3 
omega-3), EPA (C20:5 omega 3) and DHA 
(C22:6 omega-3). The long-chain omega-3 fatty 
acids, EPA and DHA can be synthesized from 
alpha-ALA, they are more easily absorbed 
and are essential for growth support, develop-
ment and brain function. The metabolism of 
long-chain derivates of linoleic acid and alpha-
ALA is accompanied by a series of desatu-
rase and elongase enzymes conversation, but 
the efficiency is low in humans. Consequently, 
omega-6 and omega-3 fatty acids are essen-
tial nutrients. The synthesis of eicosanoids in 
the cyclooxygenase (COX) lipoxygenase (LOX) 
and cytochrome P450 epoxygenase pathways 
is accompanied by competitive relationship be-
tween EPA, DHA and arachidonic acid (AA), 
which prevents the production of thromboxane 
A2 (TXA2); and optimal synthesis substrate is 
omega-3 PUFAs [10–12].

There are limited data available regarding 
the exact amount of dietary omega-3 PUFAs 
consumed by the general population. It is re-
ported that the total daily intake of dietary 
omega-3 PUFAs in the USA is approximately 
1.6 g. Of this alpha-LLA account for approxi-
mately 1.4 g/day and only 0.1–0.2 g/day comes 
from EPA and DHA. The conversion rate 
from alpha-LLA to EPA and DHA is variable  
(0.2–15 %). Therefore, in general, the total 
amount of EPA and DHA available to the body 
from current dietary patterns is well below the 
recommended amounts [11].

Treatment with omega-3 PUFAs in mode
rate doses can significantly reduce the risk of 
fatal CHD. Lower mortality rate is probably 
associated with their antiarrhythmic proper-
ties and reduction of atherosclerosis pro-
gression [13, 14]. The positive relationship 
between consumption of omega-3 PUFAs and 
lower rate of coronary artery diseases was dem-
onstrated in Greenland Eskimos, which may be 
partly due high consumption of fish and sea-
food [15]. These traditional Inuit foods contain 
large amounts of omega-3 PUFAs from fish oil 
(C20-C22 omega-3) [16]. Later a negative corre-
lation between high mortality rate due to CHD 
and consumption of fish oil was found, that 
allowed to suggest antiatherosclerotic and/or 
antithrombotic properties of omega-3 PUFAs. 
However, this hypothesis has been questioned 
since it was shown that even of high omega-3 
PUFAs consumption didn’t significantly affect  
the appearance and/or progression of atheroscle- 
rosis, or the manifestation of CHD [13, 14, 17].

In the Cardiovascular Health Study, higher 
levels of omega-3 PUFAs in plasma phospho-
lipids were associated with a lower risk of fa-
tal CHD, but not with a lower risk of non-fatal 
MI [13, 18, 19]. There was also no association 
between fish intake and risk of non-fatal CHD 
in the Physicians’ Health Study. Thus obser-
vational studies suggest that a modest intake 
of fish is associated with a lower risk of fatal 
CHD, but not with non-fatal heart diseases 
[10, 13]. The GISSI-Prevenzione trial, a rando
mized open label study in 11.324 patients with 
a recent MI, demonstrated that patients had 
a 15 % lower combined risk of mortality, non-
fatal MI and stroke upon supplementation for 
3.5 years with 850 mg·day-1 of omega-3 PUFAs. 
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The relative risk of cardiovascular death was 
also decreased by 30 % and of sudden death 
by 45 %. The DART trial 1 (the Diet and 
Reinfarction Trial) was carried out in 2033 
men with a recent MI. Men who received ad-
vice to increase their fish intake to at least two 
meals per week, compared with no advice, had 
a 29 % lower mortality rate during the 2 year 
follow-up [13, 20, 21]. In contrast, the second 
DART trial in 3114 patients with stable IHD 
without a MI, showed no beneficial effect of 
omega-3 PUFAs intake during 9 year follow-
up. In this trial, advice to eat fatty fish did not 
lower mortality, and intake of fish oil supple-
ments was associated with a higher risk of car-
diac and sudden death. However, methodologi-
cal problems may have affected the outcome 
as compliance to advice was only shown for 
a subsample of patients. Unfortunately, both 
participants and providers were not masked, 
which implies that the intake of fish oil may 
have modified the behaviour of both patients 
and physicians towards intake of medication or 
diet and lifestyle. Furthermore, recruitment for 
DART-2 was interrupted for 1 year because of 
funding problems [13, 21, 22]. The JELIS trial 
was performed in 18.645 men and women with 
hypercholesterolaemia treated with statins. 
Supplementation with 1.8 g EPA per day de-
creased major coronary events by 19 % over 
4.6 years [13, 23].

The Alpha-Omega Trial was a multi-cen-
ter, double-blind, placebo-controlled trial in 
4837 patients after a MI [13, 24, 25]. Patients 
were randomly assigned to receive four trial 
margarines: a margarine supplemented with 
400 mg of EPA+DHA, a margarine supple-
mented with 2 g of alpha-LLA, a margarine 
supplemented with both, or a placebo marga-
rine. The primary end point was a combination 
of fatal and non-fatal cardiovascular events 
and cardiac interventions, but SCD was not 
specifically followed. Study size estimation was 
initially based on a CHD mortality of 4 % per 
year, and the usual assumptions, but had to 
be adjusted because of a lower mortality ob-
served. The authors concluded that «Low-dose 
supplementation with EPA-DHA or alpha-
ALA did not significantly reduce the rate of 
major cardiovascular events among patients 
who had a MI». More recently, the authors of 

the Alpha-Omega Trial reported a protective 
effect against ventricular arrhythmia related 
events in the subgroup of post-MI patients with 
T2DM [9, 24, 25]. The only trial ambitiously 
using sudden cardiac death (SCD) as a primary 
endpoint was «OMEGA» a multicenter, double-
blind, randomized, placebo-controlled trial 
comparing 1 g/day EPA + DHA as an ethyl es-
ter to an olive oil placebo for 1 year in 3851 pa-
tients shortly after a MI [26]. Study size was 
estimated based on previous registry data with 
SCD projected to occur in 1.9 % in the group 
treated with omega-3 acid ethyl esters 90 and 
3.5 % in the placebo group, and alpha of 2.5 % 
and a power of 80 % [9, 26]. Primary analysis 
was by intention-to-treat, and SCD occurred 
in 1.5 % of both verum and placebo groups, 
with other cardiovascular events also evenly 
distributed. As is, OMEGA had a statistical 
power of 44 % to detect the assumed reduction 
in SCD. This power obviates any conclusion on 
the effect of EPA + DHA, because it remains 
unclear, whether the intervention tested was 
ineffective or the study size was too small. The 
authors discussed an unexpected low rate of 
SCD, cross-contamination by in increase in fish 
consumption, and improvements in drug ther-
apy as reasons for their results. The authors 
concluded that «Guideline-adjusted treatment 
of acute MI results in a low rate of SCD and 
other clinical events within 1 year of follow-up, 
which could not be shown to be further reduced 
by the application of omega-3 PUFAs».

Omega-3 polyunsaturated fatty acids  
and glucose metabolism

EPA and DHA didn’t show a significant 
negative effect on glucose metabolism. In par-
ticular, it was found that in 24 patients with 
T2DM violations of glycaemic control wasn’t 
observed (8-week study of the effect of 900 or 
1800 mg EPA/day). Prescription to patients 
with T2DM and nephropathy 900 or 1800 mg  
EPA/day for 3 mo hadn’t any negative effect 
on the state of glycaemic control, but promotes 
to reduce microalbuminuria. Some publica-
tions reported worsening of glycaemic con-
trol by treatment with omega-3 PUFAs in pa-
tients with T2DM. In particular the results 
of 6-weeks, double-blind study of the effect 4 g 
EPA + DHA/day (compared with the same dose 
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of olive oil) in 59 patients with T2DM with es-
sential hypertension showed increase of pre-
prandial glucose level, but no changes of glyca
ted hemoglobin A1c (HbA1c), preprandial insulin 
and C-peptide concentrations [9]. Prescription 
of 1.7 g of EPA and DHA/day to 935 patients 
with hypertriglyceridaemia and other risk fac-
tors of CVD during the year was accompanied 
by a negative impact on glucose metabolism pa-
rameters [11].

A meta-analysis of 18 studies found a sig-
nificant effect of fish oil to lower TG concentra-
tions and increase high-density lipoprotein cho-
lesterol (HDL-C) in the blood; while there were 
no statistically significant changes in prepran-
dial glucose, HbA1c, total cholesterol (total C), 
low density-lipoprotein cholesterol (LDL-C) le
vels [11]. Increased consumption and/or inclu-
sion to treatment omega-3 PUFAs drugs could 
improve insulin sensitivity and glucose homeo-
stasis; prevent changes and further develop-
ment of T2DM, which is largely mediated by 
inhibition of the free fatty acids accumulation 
in the muscles and liver. These effects are prob-
ably mediated by transcription factors activity, 
that are related with genes expression involved 
in the synthesis and oxidation of lipids. So, 
omega-3 PUFAs may affect the IR and glucose 
homeostasis by inhibition of IR in the muscle 
tissue > adipose tissue >> liver, inhibition of in-
sulin secretion, which defer the development of 
T2DM; and on the state of lipid metabolism (in 
particular, reduce the concentration of TG, very 
low density-lipoprotein cholesterol (VLDL-C), 
increase of HDL-C, improve lipid profile by 
mixed dyslipoproteinemia (DLP) [27].

Omega-3 polyunsaturated fatty acids  
and lipid metabolism

Omega-3 PUFAs decrease VLDL assembly 
and secretion, resulting in diminished triacyl-
glycerol production, through a decreased ste-
rol receptor element binding protein-1c activi
ty. Pharmacokinetic data obtained from obese 
male subjects with DLP show that 4 g of fish 
oil per day decrease the production of VLDL 
apolipoprotein B (ApoB), without a change in 
the pool size of LDL-ApoB, and also with no 
change in the fractional catabolic rate of VLDL 
ApoB [13, 28]. In addition, omega-3 PUFAs in-
crease beta-oxidation of other fatty acids in mi-

tochondria and peroxisomes, possibly through 
activation of peroxisome proliferator-activated 
receptor-alpha (PPAR-alpha). This occurs de-
spite the evidence that omega-3 PUFAs are 
weak PPAR agonists [13, 29, 30].

The highly concentrated pharmaceutical  
preparation Omacor™ (Pronova Biocare, Lysa- 
ker, Norway), known as Lovaza™ (Glaxo
SmithKline, St Petersberg, FL, USA) in 
North America is approved by the FDA as an 
adjunct to diet to reduce very high TG levels  
(≥ 5.65 mmol·L-1 or ≥ 500 mg·dL-1) in adults. 
Each 1-g capsule of omega-3-acid ethyl esters 
contains ethyl esters of EPA (0.465 g) and DHA 
(0.375 g). Patients take a once-daily dose of 4 g  
or two 2-g doses (two capsules twice daily). 
Clinical trials have shown that administration 
of 4 g·day-1 of Lovaza™ results in a decrease in 
TG levels of 30–50 % [13, 31, 32]. In addition, 
administration of Lovaza™ does not affect the 
efficacy of statins. In patients with combined 
hyperlipidaemia, co-administration of Lovaza™ 
with statins was a safe and effective means of 
lowering serum TG, despite the persistent high 
TG levels when the patients received statins 
alone [13, 33].

The COMBOS study evaluated the effects 
of adding omega-3-acid ethyl esters to stable 
simvastatin (e.g., Zocor™) therapy (40 mg/day)  
in patients with persistent hypertriglyceri-
daemia (at or above 200 mg/dL and less than 
500 mg/dL) [34, 35]. After an 8-week lead-in 
phase with simvastatin, patients received 
omega-3-acid ethyl esters or placebo for an ad-
ditional 8 weeks. The reduction from baseline 
in non-HDL-C (the primary outcome variable) 
was significantly greater with omega-3-acid 
ethyl esters plus simvastatin than with simv-
astatin alone (– 9.0 % vs. − 2.2 %, respective-
ly; P < 0.001). Treatment with omega-3-acid 
ethyl esters also significantly reduced TG lev-
els (− 29.5 % vs. − 6.3 %) and VLDL-C levels 
(− 27.5 % vs. − 7.2 %) and significantly increased 
HDL-C levels compared with placebo (3.4 %  
vs. − 1.2 %) (all comparisons, P < 0.05) [35, 36].

Omega-3 PUFAs prescription to 223 patient 
with CHD and DLP (6 g/day for 3 months and 
then 3 g/day for 21 month) has been associated 
with improved clinical course of the disease, 
that allowed to suggest their potentially anti-
atherosclerotic properties [37].
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However, effects of omega-3 PUFAs on the 
development/progression of CVD and mortality 
in patients with DM are not fully understood. 
The question of the feasibility and additional 
benefits of omega-3 PUFAs administration in 
combination with statins to avoid polypragma-
sia in the treatment of diabetic vascular disor-
ders is open [11, 13].

To explore the effectiveness of some above-
mentioned compounds, we examined 36 pa-
tients with T2DM and definite CAN. The study  
was conducted as part of the research work 
of the Department of Endocrinology of Danylo 
Halytsky Lviv National Medical University 
«Specifics of metabolic, functional, and struc-
tural disorders of the cardiovascular system 
and digestive organs in patients with dia-
betes mellitus» (State Registration Number 
0111U000131).

Patients were aged between 50–59 years 
with disease duration 1–6 years and median 
HbA1c 7.1 ± 0.12 %. CAN was diagnosed accord-
ing to previously proposed criteria [38, 39]. The 

work was done according to the principles of the 
Declaration of Helsinki, and all subjects signed 
an informed consent prior their inclusion in the 
study. 

Patients were allocated to next treatment 
groups: the first group received traditional an-
tihyperglycemic therapy (n = 15, control group); 
patients in group 2 (n = 21), received in addi-
tion to standard treatment 1 capsule/day of the 
omega-3 PUFAs (OmacorTM). The duration of 
the treatment was three months.

The concentration of glucose in the blood 
was determined by the glucose oxidase method, 
while HbA1c was assessed by using an extreme-
ly sensitive method of ion-exchange liquid chro-
matography with D-10 analyzer and BIO-RAD 
reagents (USA). Determination of immunoreac-
tive insulin (IRI) was performed using com-
mercial kits from immunogen insulin immu-
noradiometric assay reagents (Czech Republic). 
Lipid metabolism was assessed by the concen-
tration of TC, LDL-, HDL-, VLD-L cholesterol 
measurements. 

Table 1
Immunoreactive insulin, insulin resistance  

and lipid metabolism parameters after 3-mo of omega-3  
polyunsaturated fatty acids therapy

Parameter

Patients with T2DM and definite CAN  
(n = 36) 

Groups Baseline After  
treatment

% change  
from baseline

IRI (mcIU/ml) 
Control group 27.79 ± 2.13 26.01 ± 2.25 – 6.8 ± 2.0

Treatment group 25.83 ± 2.57 23.17 ± 2.3 – 10.3 ± 1.1

HOMA-IR
Control group 9.04 ± 0.99 8.38 ± 0.9 – 7.17 ± 1.81

Treatment group 8.22 ± 1.03 7.21 ± 0.87 – 10.51 ± 1.79

LDL-C (mmol/l) 
Control group 4.59 ± 0.16 4.25 ± 0.17 – 8.3 ± 1.4

Treatment group 4.15 ± 0.17 3.68 ± 0.22 – 12.8 ± 1.9

HDL-C (mmol/l) 
Control group 0.84 ± 0.03 0.87 ± 0.03 4.1 ± 1.0

Treatment group 0.78 ± 0.03 0.88 ± 0.04 a 7.1 ± 0.54

ТG (mmol/l) 
Control group 2.52 ± 0.12 2.31 ± 0.11 – 8.3 ± 1.2

Treatment group 2.55 ± 0.14 1.61 ± 0.08 c – 35.4 ± 2.6

Total C (mmol/l) 
Control group 6.59 ± 0.18 6.13 ± 0.15 – 6.7 ± 1.1

Treatment group 6.07 ± 0.18 5.59 ± 0.2 – 8.2 ± 1.1

The results are presented as absolute values and % change from baseline, (Δ %, Mean ± SEM); 
aP < 0.05, cP < 0.001, compared to baseline. T2DM: Type 2 diabetes mellitus; CAN: Cardiovascular 
autonomic neuropathy; Omega-3 PUFAs: Omega-3 polyunsaturated fatty acids; IRI: Immunoreactive 
insulin; HOMA-IR: Insulin resistance homeostatic model assessment; LDL cholesterol: Low-density 
lipoprotein cholesterol; HDL cholesterol: High-density lipoprotein cholesterol; ТG: Triglycerides; Total 
C: Total cholesterol.
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The lipid fractions were determined by 
using HUMAN reagents (Germany) for the 
analyzer HUMANLAYZER 2000. HOMA-IR  
[Homeostasis Model Assessment (HOMA) 
HOMA-IR] was calculated according to the for-
mula: fasting IRI (mcIU/ml) x fasting glucose 
(mmol/L) /22.5 [40]. Statistics-ANOVA.

Сhanges of IRI, HOMA-IR, and lipid me-
tabolism parameters among patients with 
T2DM and definite CAN after 3-mo of omega-
PUFAs therapy are given in Table 1.

We found out that the HbA1c of patients 
with T2DM and definite CAN was not statisti-
cally significantly influenced by the treatment 
(P > 0.05). Treatment with the omega-3 PUFAs 
among patients with T2DM and definite CAN 
(group 2) lead to a significant increase of the 
HDL-C level [7.1 % ± 0.54 %, (P < 0.05)] and 
reduction of TG [–35.4 % ± 2.6 %, (P < 0.001)]. 
Obtained results of this study could prove 
that prescription of omega-3 PUFAs is accom-
panied by a more significant decrease of TG 
and increase of HDL-C levels compared to pa-
tients in control group. Obtained results of this 
study could prove that prescription of omega-3 
PUFAs is accompanied by hypolipidaemic effect 
without influence on glucose metabolism.

Omega-3 polyunsaturated fatty acids  
and inflammation

Eicosanoids include prostaglandins, throm-
boxanes and leukotrienes that are key media-
tors of inflammatory responses. Arachidonic 
acid is the substrate for production of series 
2-prostaglandins and thromboxanes and se-
ries 4-leukotrienes. When AA is substituted 
by omega-3 PUFAs-mainly EPA, the result-
ing eicosanoids are series 3-prostaglandins 
and thromboxanes and series 5-leukotrienes. 
EPA actually can, in contrast to DHA, function 
as a substrate for COX-1 and 5-LOX [13, 41]. 
Due to the smaller size of the substrate bind-
ing site of COX-1 compared with COX-2, the 
22-carbon DHA can however be metabolized by 
COX-2 [13, 42, 43]. The products of omega-3 
PUFAs may be beneficial as they do not induce 
the same level of inflammation as those derived 
from arachidonic acid. In humans, supplemen-
tation with fish oil has resulted in decreased 
production of prostaglandin E2 (PGE2), TXB2, 
leukotriene B4 (LTB4), 5-hydroxyeicosatetrae-

noic acid and LTE4 by inflammatory cells ex 
vivo [13, 41, 44].

However, the beneficial effects of omega-3  
PUFAs may not exclusively be mediated through  
eicosanoids production. For example, DHA ex-
erts greater anti-inflammatory effects than 
EPA in the vascular endothelium. Being the di-
rect precursor of eicosanoids EPA would be ex-
pected to have greater effects than DHA if eico-
sanoids played an important role. Also, these 
anti-inflammatory effects of fish oils are not 
altered by a COX blocker, eliminating an exclu-
sive role of for example prostaglandins [13, 45].

Several studies providing fish oil supple-
ments to healthy human volunteers have re-
ported decreased production of tumor necrosis 
factor (TNF) -alpha, interleukin (IL) -1 beta 
and IL-6 by endotoxin-stimulated monocytes 
or mononuclear cells although not all studies 
confirm this effect. Some of the studies that fail 
to show an effect of marine omega-3 PUFAs on 
cytokine production have provided < 2 g EPA + 
DHA day—1, which may be an insufficient dose. 
In cell cultures both EPA and DHA inhibit T 
cell proliferation and the production of IL-2. 
Some studies have shown that increased intake 
of marine omega-3 PUFAs decreases human T 
cell proliferation and IL-2 production [41, 44, 46].

To summary, the anti-inflammatory actions 
of marine omega-3 PUFAs are: reduced leuco-
cyte chemotaxis (via decreased production of 
some chemo-attractants (e. g. LTB4); down-regu- 
lated expression of receptors for chemo-atttac-
tants); reduced adhesion molecule expression 
and decreased leucocyte-endothelium interac-
tion (via down-regulated expression of adhesion 
molecule genes (via nuclear factor kappa-light-
chain-enhancer of activated B cells (NF-κB), 
NR1C3 (i.e. PPAR-gamma) etc.); decreased 
production of eicosanoids from AA (via lowered 
membrane content of AA; inhibition of AA me-
tabolism); decreased production of AA contain-
ing endocannabinoids (via lowered membrane 
content of AA); increased production of ‘weak’ 
eicosanoids from EPA (via increased mem-
brane content of EPA); increased production of 
anti-inflammatory EPA and DHA containing 
endocannabinoids (via increased membrane 
content of EPA and DHA); increased produc-
tion of pro-resolution resolvins and protectins 
(via increased membrane content of EPA and 
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DHA); decreased production of inflammatory 
cytokines (via down-regulated expression of in-
flammatory cytokine genes (via NF-κB, NR1C3 
(i. e. PPAR-gamma) etc.); decreased T cell re-
activity (via disruption of membrane rafts (via 
increased content of EPA and DHA in specific 
membrane regions).

Omega-3 polyunsaturated fatty acids, 
platelets and haemostatic function
Omega-3 PUFAs may decrease the risk of 

atherothrombosis by affecting platelet aggrega-
tion and haemostasis. The antithrombotic pro
perties of EPA and DHA have been attributed 
to the incorporation into platelet phospholipids 
at the expense of the omega-6 PUFAs, such as 
arachidonic acid. An important set of pathways 
clearly influenced by changes in the omega-3/
omega-6 ratio are those for synthesis of eico-
sanoids. These include the COX, LOX and P450 
epoxygenase pathways, for which EPA and 
DHA compete with AA as a substrate, inhibit-
ing the production of the proaggregatory TXA2 
originating from arachidonic acid. Indeed, the 
production of TXA2 from platelets stimulated 
by a variety of agonists decreased by between 
60 % and 80 % after fatty acid supplementation 
both in vitro and in vivo [13, 47]. Incorporation 
of DHA into human platelets produced greater 
inhibition of platelet aggregation than either 
EPA alone or a combination of EPA and DHA. 
Docosahexaenoic acid was also more potent 
than EPA in inhibiting platelet TXA2 synthe-
sis. In addition DHA, and to some extent EPA, 
act as antagonists of the TXA2/PGH2 receptor 
in human platelets, thereby blocking the ac-
tivation of platelets through the AA pathway  
[13, 47].

Omega-3 PUFAs can modulate the nitro-
so-redox balance by increasing vasculoprotec-
tive nitric oxide (NO) and decreasing O2

− pro-
duction in endothelial cells. This finding may 
be extremely valuable for diabetic patients 
whose disease manifests as a high oxidative 
status. Furthermore, fish oil-derived omega-3 
PUFAs may also offer several other advanta
ges. Importantly, they are easily absorbed and 
retained within cellular membranes, where 
they can act as a readily available supply of 
free radical-modifying agents. This bioavaila
bility, coupled with their ability to specifically 

modulates the function of enzymes producing 
reactive oxygen species and reactive nitrogen 
species, such as NAD (P) H and nitric oxide 
synthase (NOS), suggests that, far from simply 
being free radical scavengers like other antioxi-
dants, omega-3 PUFAs may be therapeutically 
superior [49, 50].

Platelets contain all the components of 
a functioning NO-producing pathway, including 
the enzyme necessary for the production of the 
cofactor tetrahydrobiopterin, and are therefore 
capable of producing NO in response to plate-
let-specific agonists. In addition, they also con-
tain all the subunits required for the assemb
ly of the NAD (P) H oxidase system. Platelets 
thus represent an accessible cellular model for 
functional studies to explore free radical activi
ty in relation to changes in NAD (P) H oxidase 
and NOS activity [50, 51].

Fish oil treatment significantly decreased 
isoprostane levels in the hypertensive T2DM 
patients, suggesting that omega-3 PUFAs of-
fer an additional therapeutic benefit [50, 52]. 
These results are in agreement with those of 
Mori et al. (2003), who demonstrated an ome-
ga-3 PUFAs-mediated decrease in isoprostane 
levels in T2DM patients [53].

Prescription to patients with T2DM 900 mg  
EPA/day for 8 weeks was accompanied by the 
inhibition of the platelet activating factor syn-
thesis (in the background of unchanged col-
lagen or ADP-induced platelet aggregation). 
These effects have been amplified by using 
EPA 1800 mg/day [37]. The addition of 1800 mg  
EPA/day or 3.4 g EPA + DHA to the treatment 
of patients with CHD was accompanied with 
increased fibrinolytic activity. Daily admini
stration of 3.4 g of EPA and DHA to 40 patients 
after MI for 4 weeks contributed to the lengthe
ning of bleeding time, but had no effect on other  
parameters of haemostasis. The results of si
milar randomized trial of 0.85 g of EPA and 
DHA/day prescription to 77 patients in post-
MI period for 3 month demonstrated the in-
crease in von Willebrand factor activity, and at 
the same time does not affect the concentration 
of fibrinogen [13, 54]. Prescription to patients 
with T2DM 900 mg EPA/day for 8 weeks was 
accompanied by the inhibition of the platelet 
activating factor synthesis and this effect was 
prolonged by the dose increase to 1800 mg/day. 
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The results of randomized, double-blind, pla-
cebo-controlled trial of fish oil (4 g of EPA or 4 
g DHA/day) and olive oil prescription to 59 pa-
tients with T2DM and arterial hypertension 
for 6 week demonstrate that EPA and DHA 
lowered sensitivity to collagen and TXA2 for-
mation, but had no effect on other fibrinolytic 
and endothelial parameters [13]. Consequently, 
the prescription of EPA and DHA to patients 
with CHD in post-MI period and to patients 
with T2DM reduces the platelet aggregation 
parameters, shows the insignificant anticoagu-
lant effect, is associated with prolongation of 
bleeding time, moreover DHA has a much more 
prominent inhibitory effect on platelet aggrega-
tion than EPA. It was found that the fish oil  
(1 g/day) consumption of healthy volunteers for 
3 weeks caused significant changes in proteins 
65 (proteins necessary to maintain the phy
siological structure of platelets, ensuring pro-
cesses of inflammation and thrombosis), with-
out affecting the state of platelets aggregation 
[13]. Thus, changes in the functional state of 
platelets actually occur at lower concentrations 
of omega-3 PUFAs.

Omega-3 polyunsaturated fatty acids  
and endothelial function

Classically the term «endothelial dysfunc-
tion» strictly refers to reduced endothelium-de-
pendent vasodilation, which is notably associ-
ated with impaired bioavailability of the main 
endothelium-derived relaxing factor, nitric oxi
de. In addition to promoting vasodilation, NO 
is a powerful antiatherosclerotic agent, since it 
reduces leukocyte adhesion, platelet aggrega-
tion, and smooth muscle cell proliferation. In 
the endothelium NO is produced by the eNOS. 
Reduced NO bioavailability can be the result of 
either decreased production or increased usage. 
Several mechanisms, including downregulation 
of eNOS expression, posttranslational modifi-
cations of eNOS, inhibition of the enzyme cata-
lytic activity, enzyme uncoupling, and circulat-
ing eNOS inhibitors result in decreased NO 
release and endothelial dysfunction [55].

In addition to increasing NO production, 
omega-3 PUFAs decrease oxidative stress. This 
effect is controversial, since the prooxidant ac-
tivity of long-chain omega-3 PUFAs especially 
at high doses has long been debated. However 

experimental studies conducted so far in cell 
culture or in vascular beds of experimental 
animals have shown that relatively large doses 
of omega-3 PUFAs improve endothelial func-
tion by attenuating ROS production as a result 
of a direct modulatory effect on the sources of 
ROS formation, including the enzymes NAD 
(P) H oxidase and iNOS, finally resulting in re-
duced peroxynitrite formation. In retinal endo-
thelial cells in culture exposed to high glucose 
alpha-LA directly reduces ROS information 
and increased superoxide dismutase activity. 
A  potentiation of endogenous antioxidant en-
zyme concentrations in plasma as a direct ef-
fect of omega-3 PUFAs oral administration has 
also been reported also by other reports [56].

Omega-3 polyunsaturated fatty acids  
and blood pressure

Omega-3 PUFAs intake has shown to re-
duce BP especially in hypertensive patients by 
interacting with several mechanisms of blood 
pressure regulation: reduction of stroke volume 
and heart rate (HR); improvement of left ven-
tricular (LV) diastolic filling; reduction of pe-
ripheral vascular resistances; improvement of 
endothelial-dependent and endothelial-indepen-
dent vasodilation (stimulation of NO produc-
tion; reduction of the asymmetric di-methyl-ar-
ginine; reduction of endothelin-1; relaxation of 
vascular smooth muscle cells; metabolic effects 
on perivascular adipocytes; endothelial rege
neration. Mechanisms of hypertension-related 
organ damage protection: anti-inflammatory, 
antioxidant, and antithrombotic effects; reduc-
tion of arterial stiffness; experimental effects 
on LV hypertrophy and abnormal gene expres-
sion; effects on atherosclerotic plaque progres-
sion and stability [57].

Omega-3 polyunsaturated fatty acids  
and arterial stiffness

Arterial stiffening is caused by the loss of 
vascular elasticity due to factors such as aging 
and atherosclerosis. It depends from the struc-
tural properties of the arterial wall that affect 
the manner in which pressure, blood flow, and 
arterial diameter change within each heart-
beat. An increased arterial stiffness is associa
ted with hypertension and it is an independent 
direct predictor of cardiovascular events. The 
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measurement of velocity of the pulse-wave ve-
locity (PWV) between two vascular points is an  
accepted method to assess arterial stiffness [57].

The reasons for improvement of arterial 
stiffness with the use of omega-3 PUFAs can be 
related to the hypotensive, anti-inflammatory, 
and antioxidative effects of these fatty acids, as 
well as to their ability to improve endothelial 
cell function. Additional evidence of the benefi-
cial effect of omega-3 PUFAs on the vascular 
structure comes from the inverse association 
between omega-3 PUFAs intake and the cross-
sectional diameter of arteries [57, 58].

The long-chain omega-3 PUFAs offer a sci-
entifically supported means of reducing arte-
rial stiffness and this may account for some of 
the purported cardioprotective effects of ome-
ga-3 PUFAs. As increased arterial stiffness is 
a risk factor for CVD, omega-3 PUFAs supple-
mentation may provide a means of reducing the 
risk of CVD and end-organ damage. Accepting 
that carotid-femoral PWV is a strong predictor 
of future cardiovascular events, exploring the 
effects of omega-3 PUFAs on this ‘gold stan-
dard’ measure constitutes an important area 
for future research. Meta-analysis of random-
ized and controlled human clinical trials pro-
vides compelling evidence that supplementation 
with long-chain omega-3 PUFAs offers a scien-
tifically supported means of reducing arterial 
stiffness. It was found that omega-3 PUFAs 
were effective in independently improving both 
PWV and arterial compliance with small-to-
moderate clinical effects. There was no statis-
tical evidence of heterogeneity or publication 
bias, thus confidence can be extended to these 
results [59].

Omega-3 polyunsaturated fatty acids  
and heart rate variability

The incorporation of omega-3 PUFAs in 
synaptic membranes could potentially influence 
the autonomic control of the heart. The pro-
gressive maturation of the autonomic nervous 
system during fetal and early life renders this 
period a sensitive time, during which supple-
mentation with omega-3 PUFAs might exert 
long-term effects on vagal tone and hence heart 
rate variability (HRV) [60].

Patients with IHD are at higher risk of 
SCD, and often have depressed HRV. The as-

sociation between fish consumption, the con-
tent of omega-3 PUFAs in cell membranes and 
HRV was evaluated in 52 patients with a pre-
vious MI and a decreased LV ejection fraction 
(≤  40 %). Subjects who consumed fish at least 
once a week had a slightly (non-significant) 
higher the standard deviation of NN intervals 
(SDNN) compared to those never eating fish. 
Ischemic heart disease is the predominant un
derlying disease behind SCD. HRV was mea-
sured in 291 patients referred for coronary  
angiography due to suspected IHD and these 
measures were related to cell membrane and  
adipose tissue levels of omega-3 PUFAs. Signi
ficant positive correlations were found between 
time domain HRV indices and levels of omega-3 
PUFAs, especially DHA. These associations 
remained significant also after controlling for 
several possible confounders. The Framingham 
study was the first epidemiological report de
monstrating a two to fourfold increased risk of 
IHD and acute MI in diabetic patients. These 
patients also have an excess of post-MI morta
lity. Autonomic neuropathy involving the heart 
may be of importance and CAN carries an ex-
cess risk of mortality in patients with DM, in-
cluding a high risk of SCD. HRV analysis is 
a well-established tool in the early detection of 
CAN in patients with DM [61].

Both nervous tissue and heart tissue have 
a high content of omega-3 PUFAs (especially 
DHA) and this may be consistent with the find-
ing that this marine omega-3 PUFAs may mo
dulate cardiac autonomic function as assessed 
by HRV. Thus, omega-3 PUFAs may modulate 
HRV both at the level of the autonomic nervous 
system and the heart [61].

Omega-3 polyunsaturated fatty acids  
and arrhythmias

Numerous studies report salutary effects of 
omega-3 PUFAs, i. e. EPA and DHA on CVD 
risk factors. These effects include lowering of 
serum TG by reducing of hepatic TG produc-
tion; lowering of BP by improving of endothelial 
cell function; decreasing of platelet aggregation 
by reducing of prothrombotic prostanoids; de-
creasing inflammation via reduction in 4-series 
LT production; protection from arrhythmias by 
modulation of electrophysiological properties 
of cardiomyocytes. Systematic meta-analysis 
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suggests that high doses of omega-3 PUFAs  
(~3 g/day) produce a small, but significant de-
crease in systolic BP in older and hypertensive 
subjects [5, 6]. 

Findings show that omega-3 PUFAs in-
take normalizes myocardial connexin (Cx) 43 
mRNA levels in old rats, and Cx43 protein ex-
pression as well as its functional phosphory-
lated status in both, young and old hyperten-
sive animals. Enhanced Cx43 phosphorylation 
may in part be attributed to protein kinase C 
epsilon type (PKC-ε) that is up-regulated by 
omega-3 PUFAs. The treatment significantly 
eliminates abnormal Cx43 distribution, di-
minishes the internalization of gap junctions 
and improves integrity of mitochondria in car-
diomyocytes of hypertensive rats. These find-
ings clearly indicate that modulation of Cx43 
channels function and myocardial cell-to-cell 
coupling by omega-3 PUFAs might be possible  
[6, 62].

The antiarrhythmic effects of omega-3 
PUFAs, which occur by blocking various ion 
channels, are encouraging. In fact, the results 
of several trials have suggested that dietary 
supplementation with omega-3 PUFAs might be 
an effective optional therapy for arrhythmias. 
However, the FORWARD trial, a prospective, 
randomized, clinical trial, found that treatment 
with omega-3 PUFAs over a 6-month period did 
not reduce recurrent symptomatic atrial fibril-
lation [63–65]. In the specific study popula-
tion with paroxysmal atrial fibrillation, it was 
concluded that omega-3 PUFAs are not a use-
ful treatment. These results do not exclude  
the potential anti-arrhythmic effects of pre-
scription omega-3 PUFAs in combination with 
anti-arrhythmic drugs in different populations, 
such as patients with heart failure; however, 
validation in prospective trials is required [65].

CONCLUSION
Diabetes mellitus is a global epidemic af-

fecting at least 8.3 % of the population and 
371 million people worldwide with a significant 
proportion (50 %) remaining undiagnosed. It 
is estimated that almost one of six people are 
currently at risk of developing diabetes-related 
complications. The majority of patients with 
long-term course of diabetes mellitus [mainly 
type 2 diabetes mellitus] are diagnosed with 
coronary heart disease due to coronary artery 
atherosclerosis.

Numerous studies report salutary effects 
of omega-3 polyunsaturated fatty acids, i.e. 
eicosapentaenoic and docosahexaenoic acid on 
cardiovascular diseases risk factors. These ef-
fects include lowering of serum triglyceride by 
reducing of hepatic TG production; lowering of 
blood pressure by improving of endothelial cell 
functution; decreasing of platelet aggregation 

by reducing of prothrombotic prostanoids; de-
creasing inflammation via reduction in 4-series 
leukotrienes production; protection from ar-
rhythmias by modulation of electrophysiological 
properties of cardiac myocytes and normaliza-
tion of sympathic-vagal interaction; moderate 
hypotensive effect. Results of our study prove 
that prescription of omega-3 polyunsaturated 
fatty acids is accompanied by hypolipidaemic 
effect without influence on glucose metabolism. 
These aspects justify the benefits and feasibil-
ity of using this drug under conditions of dia-
betes mellitus development. However, further 
randomized, double-blind, placebo-controlled 
trials of larger scale, longer duration and fol-
low-up period with better-designed protocol and 
appropriate selection of study population may 
clearly demonstrate the pharmacological effect 
of omega-3 PUFAs on investigated parameters.
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В огляді висвітлені сучасні уявлення про основні механізми дії омега-3 поліненасичених жирних 
кислот та результати власних досліджень. Проаналізовано особливості впливу омега-3 поліненаси-
чених жирних кислот на: 1) метаболізм глюкози; 2) хронічний запальний процес; 3) агрегацію тром-
боцитів та гемостаз; 4) ендотеліальну дисфункцію; 5) регуляцію артеріального тиску; 6) жорсткість 
судинної стінки; 7) варіабельність ритму серця; 8) розвиток аритмій. Ми встановили, що омега-3 полі-
ненасичені жирні кислоти сприяють гіполіпідемічному ефекту: зниженню рівня тригліцеридів та під-
вищенню холестерину ліпопротеїнів високої щільності. Аналіз доказової бази свідчить про зниження 
кардіо-васкулярного ризику при застосуванні омега-3 поліненасичених жирних кислот та обгрунтовує 
переваги та доцільність застосування даного препарату при цукровому діабеті. 

К л ю ч о в і  с л о в а :  омега-3 поліненасичені жирні кислоти, механізм дії, цукровий діабет.

ПАТОГЕНЕТИЧЕСКИЕ МЕХАНИЗМЫ И ТЕРАПЕВТИЧЕСКИЕ АСПЕКТЫ  
ПРИМЕНЕНИЯ ОМЕГА-3 ПОЛИНЕНАСЫЩЕННЫХ ЖИРНЫХ КИСЛОТ  

ПРИ САХАРНОМ ДИАБЕТЕ
(обзор литературы и результаты собственных исследований)

Сергиенко В. А., Ажми С., Сергиенко Л. М., Сергиенко А. А.
Львовский национальной медицинский университет имени Данила Галицкого,  

г. Львов, Украина 
serhiyenkoa@gmail.com

В обзоре освещены современные представления относительно основных механизмов действия 
омега-3 полиненасыщенных жирних кислот при сахарном диабетом и результаты собственных иссле-
дований. Проанализированы особенности влияния омега-3 полиненасыщенных жирных кислот на: 
1) метаболизм глюкозы; 2) хронический воспалительный процесс; 3) агрегацию тромбоцитов и гемо-
стаз; 4) эндотелиальную дисфункцию; 5) регуляцию артериального давления; 6) параметры жесткости 
сосудистой стенки; 7) вариабельность ритма серца; 8) развитие аритмии. Нами установлено, что оме-
га-3 полиненасыщенные жирные кислоти способствуют гиполипидемическому эффекту: снижению 
уровня триглицеридов, увеличению холестерина липопротеидов високой плотности в крови. Анализ 
доказательной базы свидетельствует об снижении кардио-васкулярного риска при применении оме-
га-3 полиненасыщенных жирных кислот, обосновывает преимущества и целесобразность применения 
даного препарата при сахарном диабете.

К л ю ч е в ы е  с л о в а :  омега-3 полиненасыщенные жирные кислоты, механизм действия, сахарный 
диабет.
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In the review the present day data and own results about mechanisms of omega-3 polyunsaturated fatty 

acids are presented. The peculiarities of influence on 1) glucose metabolism; 2) chronic inflammatory process; 
3) platelet aggregation and hemostasis; 4) endothelial dysfunction; 5) blood pressure regulation; 6) parameters 
of the vascular wall rigidity; 7) heart rate variability; 8) development of arrhythmias are presented. Results of 
our study prove that its prescription is accompanied by hypolipidaemic effect. Numerous studies report salutary 
effects of omega-3 polyunsaturated fatty acids on cardiovascular diseases risk factors and justify the benefits of 
using this drug by diabetes mellitus.

K ey  wor d s :  omega-3 polyunsaturated fatty acids, mechanism of action, diabetes mellitus.


