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Abbreviations
AA: Arachidonic Acid; ALA: Alfa-Linolenic Acid; ATP: Adult 

Treatment Panel; BP: Blood Pressure; CVD: Cardiovascular 
Disease; CRP: C - reactive protein; DGLA: Dihomo-γ-Linolenic 
Acid; DHA: Docosahexaenoic Acid; DPA: Docosapentaenoic  Acid; 
EFA: Essential Fatty Acids; EPA: Eicosapentaenoic Acid; FA: Fatty 
Acid; GLA -Gama-Linolenic Acid; HDL: High Density Lipoprotein; 
IL: Interleukine; IR: Insulin Resistance; LA: Linoleic Acid; LDL: 
Low Density Lipoprotein; LC: Long Chain; LT: Leukotrienes; MetS: 
Metabolic Syndrome; MUFA: Monounsaturated Fatty Acid; NCEP: 
National Cholesterol Education Program; PAI-1 : Plasminogen 
Activator Inhibitor-1; PG: Prosta Glandins; PPAR : Peroxisome 
Proliferation Activator Receptor; PUFA: Polyunsaturated Fatty 
Acid; SFA: Saturated Fatty Acid; TFA: Trans Fatty Acid; TGF: 
Transforming growth Factor; TNF: Tumor Necrosis Factor; TX: 
Thromboxanes; VLDL: Very Low Density Lipoprotein.

Introduction
Metabolic syndrome (MetS), which has a high prevalence 

worldwide, refers to a cluster of metabolic abnormalities 
including disturbances in glucose and insulin metabolism, 
central obesity, dyslipidemia (high triglyceride levels, low HDL 

(high-density lipoprotein)-cholesterol and high levels of small 
dense LDL-particles) and hypertension. Other disturbances often 
associated with MetS include impaired fibrinolysis and increased 
coagulation, signs of inflammation and endothelial dysfunction 
[1]. These metabolic abnormalities are well-documented risk 
factors for cardiovascular disease (CVD) and type 2 diabetes.

Dietary fat is a mixture of fatty acids (FA), with saturated 
(SFA), trans-unsaturated (TFA), monounsaturated (MUFA) 
and polyunsaturated FA (PUFA) as the main components. 
PUFAs are further classified as n-3 and n-6 PUFAs which have 
different health effects. Fatty acid composition in the diet plays 
an important role in modifying several key factors of MetS [2,3]. 
Namely, epidemiologic and experimental studies have shown 
that plasma FA profiles are related to insulin sensitivity, blood 
pressure, plasma lipid profile and inflammation, which are all 
involved in depelopment of MetS [4-7]. Furthermore, FA profile of 
serum/plasma phospholipids is mostly influenced by the dietary 
intake during the last 6-8 weeks [8-10]. The most important FA 
in terms of MetS modulation are the long-chain (LC)-PUFAs of 
n-3 series. Among them, docosahexaenoic acid (DHA; C22:6n−3) 
and eicosapentaenoic acid (EPA; C20:5n−3) have been shown to 
decrease triacylglycerols levels, increase HDL-cholesterol levels 
in plasma, prevent the development of heart disease and exert 
anti-inflammatory properties in humans reviewed in Ristic Medic, 
et al. [11]. They are both abundant in seafood. Increased dietary 
intake of oily fish or supplementation with fish oil have beneficial 
effect on several features of MetS. There is convincing evidence 
that exchanging dietary saturated fat with monounsaturated 
fat produces beneficial effects on cardiovascular disease risk 
i.e., It lowers LDL-cholesterol concentrations [12], improves the 
postprandial lipid profile [13], and lowers the blood pressure 
[14]. Therefore the aim of the present review is to summarize the 
role of dietary fats in the prevention and treatment of the Mets. 

Diagnostic criteria for MetS and optimal diet 
There are no well-accepted criteria for the diagnosis MetS. 

Metabolic syndrome is usually defined according to the criteria 
of the NCEP Adult Treatment Panel III as the presence in an 
individual of at least three of the following risk factors: 

 i. Abdominal obesity (waist circumference >102 cm for 
men and >88 cm for women)
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 ii. High triglycerides levels ( ≥ 150 mg/dL) 

 iii. Low HDL- cholesterol levels ( < 40 mg/dL in men or < 50 
mg/dL in women) 

 iv. High blood pressure ( ≥ 130/85 mm Hg on at least two 
separate measurements)

 v. High fasting glucose ≥ 100 mg/dL (≥ 5.6 mmol/L) [1].

The ATP III panel did not find adequate evidence to 
recommend routine measurement of insulin resistance (e.g., 
plasma insulin), proinflammatory state (e.g., high-sensitivity 
C-reactive protein), or prothrombotic state (e.g., fibrinogen or 
PAI-1) in the diagnosis of the metabolic syndrome. As MetS is 
characterized by numerous factors, it is very difficult to establish 
a correct diagnosis and adequate therapy. Central to the etiology 
of MetS is an interrelated triad comprising inflammation, 
obesity (particularly abdominal), and aberrations in fatty acid 
metabolism [15,16]. 

Medical nutrition therapy should start with dietary 
assessment, including the patient’s motivational level and 
willingness to change. Changes in dietary habits, hypocaloric 
diets, increased physical activity and weight loss (reduction) 
usually improve levels of LDL cholesterol, glycemic levels, and 
blood pressure and have the potential to improve long term 
metabolic control [1,17]. It was proposed that optimal diet for 
the treatment of MetS should be limited in the intake of saturated 
fat, while some flexibility might be allowed in the amount of fat 
and carbohydrate, e.g. exchanging about 10 % energy between 
monounsaturated fat and carbohydrate-rich foods with high 
glycemic index (GI) [2]. It is recommended that about 45 % of 
the energy intake must be distributed between unsaturated 
fat and high-GI carbohydrate, while high fiber /low-GI foods 
should be used without specific limitations [1,2]. Thus, high-GI 
starchy foods could be set at 25 % energy and monounsaturated 
fat at 20 % energy (plus polyunsaturated fat, which is 
generally recommended not to exceed 10 % energy). Since 
monounsaturated fats do not cause adverse metabolic effects, 
moderate amounts of these fats are allowed in daily intake. 
Findings of an adverse impact of total fat intake and protection 
of PUFAs concerning the association with metabolic syndrome 
are supported by several investigations [18]. Fatty acids as food 
ingredients regulate cholesterol homeostasis and concentrations 
of blood lipoproteins, and affect the levels of other cardiovascular 
risk factors, such as blood pressure, haemostasis, and body 
weight, through various mechanisms.

Dietary fats, dyslipidemia and MetS

Epidemiological studies have shown that the population 
who consume large amounts of saturated, atherogenic FA 
(especially those of 12-16 carbon: palmitic, myristic, lauric) 
have elevated levels of LDL-cholesterol [19]. Saturated FA exert 
their atherogenic and thrombogenic effect through increased 
production of very low-density lipoproteins (VLDL)- particles and 
Apo A1, with a decrease of LDL- receptors specific activity, and an 
increase in platelet aggregation [20]. Unlikely other SFAs, stearic 
acid (18:0) showed no atherogenic or thrombogenic effect, since 

after absorption it is desaturated to monounsaturated oleic acid 
(18:1), which is associated with beneficial effect on cardiovascular 
health. Oleic acid is incorporated into phospholipids rather than 
into triglycerides and cholesterol esters. Moreover, stearic acid 
showed similar reducing effect on platelet aggregation and 
coagulation factors as the unsaturated oleic and linoleic acids 
[21]. 

However, the highest atherogenic potential have trans fatty 
acids (TFA), which are obtained from partial hydrogenation of 
plant oils. Thus industrial foods - cakes, cookies and crackers often 
contain a high content of TFA. They lead to an increase in total 
and LDL-cholesterol, as well as highly atherogenic lipoprotein 
(a), and lower levels of HDL-cholesterol [22,23]. Due to these 
effects, TFA are more atherogenic when compared to SFA.

In contrast to TFA and SFA, monounsaturated fats are neutral 
in terms to atherogenicity. Commonly present MUFAs in the diet is 
oleic acid, which is found mostly in olive (56-84 %) and rapeseed 
oil [24]. Replacing SFA in the diet with oleic acid have been 
shown to lower plasma cholesterol [25]. Large intake of olive oil 
is typical for Mediterranean countries. Studies conducted in this 
region showed that intake of olive oil moderately lowered total 
and LDL-cholesterol, slightly increased HDL-cholesterol and had 
no significant effect on blood triglycerides [26,27]. Furthermore, 
this FA increased the activity of LDL-receptors and reduced 
the LDL-particle peroxidation. In spite of favourable effects on 
cardiovascular health, it should be noticed that plant oils rich in 
MUFAs are highly energy-dense, and diet based on a large intake 
of these oils could lead over time to obesity. 

A meta-analysis of 60 controlled trials reported that 
replacement of carbohydrates with PUFAs (largely n-6) had a 
positive effect on the total cholesterol/HDL-cholesterol ratio, 
and on LDL levels [28]. In line with this, Perunicic-Pekovic et al. 
[29] have recently found that plasma total cholesterol negatively 
correlated with plasma levels of EPA. Reduction of total and 
LDL-cholesterol blood levels, as well as of the total cholesterol/
HDL-cholesterol ratio was also reported when dietary n-6 
PUFAs intake achieved 5 to 20 % of the energy intake [30]. The 
metabolic benefit could be even stronger when PUFAs exchange 
SFA in the diet [31,32]. According to the study by Clarke et al. 
[31], replacement of 6-4 % of energy intake as SFA by n-6 PUFAs 
while keeping total fat content at 30–33 % of energy, led to a 
reduction of 0.64 mmol/l in plasma LDL-cholesterol.

Since triglycerides are also a risk factor for cardiovascular 
disease and one of the metabolic abnormalities in MetS, their 
reduction by the diet is also very important for maintaining 
health. A number of studies have demonstrated significant 
lowering effects of triglyceride levels by intake/supplementation 
of n-3 PUFAs in patients with cardio metabolic risk [33]. A 
meta-analysis of 72 randomized control trials [34] reported 
even 25 %-30 % reduction of serum triglycerides with a dosage 
of 3-4 g/day of EPA + DHA. The hypolipidemic effect of n-3 
PUFAs primarily results due to a decrease in lipogenesis, lower 
formation of triacylglycerols, and their lower release as VLDLs 
into circulation [35].
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Furthermore, n-3 PUFAs could modify gene expression 
altering levels of lipids in blood, by activating expressions of genes 
involved in the β-oxidation, which are controlled by the PPAR-α 
receptors [36,37]. Another mechanism involves decreased the 
fractional catabolic rates of HDL and increased ratio of HDL-
2/HDL-3 cholesterol after fish oil supplementation [38]. This 
was related to the decrease in levels of plasma triglycerides; 
HDL particles become larger, retain more cholesterol and are 
less susceptible to catabolism by hepatic and renal clearance 
pathways [39]. 

Dietary fats, insulin resistance and MetS

Insulin resistance (IR) is markedly affected by the amount 
and composition of dietary fats [18]. Amount is particularly 
important, since excessive intake of total fat ( > 37% of daily 
energy intake) independently on the FA composition, may worse 
IR [3]. Although underlyining mechanism is still unclear, it likely 
includes interference with binding of insulin to its receptors and 
accumulation of triglycerides in skeletal muscle [40]. On the 
other hand, if total fat intake does not exceede 30 %, the type of 
FA consumed appears to differently influence IR [3]. Vessby, et al. 
[3] found that an exchange of saturated for monounsaturated fats 
in the diet improved insulin sensitivity. It has been shown with 
an intravenous glucose tolerance test, whereas no improvement 
in fasting insulin or insulin secretion was seen. Other studies 
reported that [41] a diet high in MUFAs improved glucose 
metabolism better than the officially recommended low-fat diet. 
It was shown that relatively higher intake of nuts and legumes 
(typical for a Mediterranean diet) are related to an improved 
fasting glucose level and may lead to a more favorable long-term 
glucose homeostasis. The mechanisms are unclear but there was 
some proposed effect of MUFAs on cell membrane [42], affecting 
membrane fluidity, ion permeability, insulin receptor affinity and 
up-regulation of glucose transporters [40]. 

In addition to MUFA, n–3 PUFAs supplementation has also 
been shown to improve insulin sensitivity, prevent alterations 
in glucose homeostasis and further development of diabetes 
type 2 [42-44]. Long chain PUFAs of n-3 series probably exert 
these effects through up-regulation of the PPARs, and in turn are 
related to the gene expression involved in lipid oxidation and 
synthesis [45]. Also, glucose uptake and utilization is increased 
by the intake of n-3 LC-PUFAs. The skeletal muscle are the key 
player in the insulin-sensitizing effect of n−3 PUFAs, since they 
are quantitatively the most important site of whole-body glucose 
utilization reviewed in Lombardo and Chicco [35]. 

Dietary fats as modulators of adiposity and MetS

Adipose tissues play the major role in the development of the 
MetS, probably by the secretion of mediators of inflammation. 
Thus, it is possible to alleviate obesity and MetS as its metabolic 
consequence by modulating the metabolism and secretory 
functions of AT. In line with this, studies in animals fed an 
high-fat diet reported beneficial effect of n−3 LC-PUFAs on the 
development of obesity and insulin resistance reviewed in 
Lombardo and Chicco. [35]. For instance, n−3 LC-PUFAs induce 
mitochondrial biogenesis and β-oxidation in adipocytes which 

leads to a decrease in adiposity. The correlation is especially 
strong between accumulation of body fat and diabetes, indicating 
the importance of AT metabolism and adipokines derived by AT 
in the development MetS [46,47].

Furthermore, some studies suggested that n-6 PUFA may be 
involved in the differentiation of preadipose cells to adipocytes 
but available in vitro and animal studies have not supported 
such effect of n-6 PUFAs [48-50]. However, increments in insulin 
sensitivity may be more directly related to loss of intramyocellular 
or omental fat rather than loss of total body weight per se. Further 
research is needed to investigate the possible contribution of 
dietary n-3/n-6 ratio to development of excessive adipose tissue. 

Dietary fats, inflamation and MetS 

As in many other chronic non-communicable diseases, low-
grade inflammation is at the base of MetS. Low grade inflammation 
is characterised by relatively small (2-3 fold) increase of lipid and 
peptid inflammatory mediators in circulation (e.g. eicosanoids 
and cytokines) than in the physiological conditions. Since 
eicosanoids are derived from 20 carbon PUFAs (mostly EPA and 
arachidonic acid-AA, 20:4n-6), their synthesis is affected by the 
dietary intake of these FA. Thus the role of PUFAs in modulation 
of inflammatory response has been extensively investigated [51] 
and reviewed [52]. 

Eicosanoids are signaling molecules which includes 
prostaglandins (PG), leukotrienes (LT) and thromboxanes (TX). 
All of them play role in inflammation acting proinflammatory (for 
instance PGE2 and LTB4) or anti-inflammatory (LTB5, LTE5, PGE3). 
Proinflammatory eicosanoids are mostly derived from AA via 
cyclooxigenase and lipoxigenase-5 enzymatic pathways, while 
EPA is precursor for most of the anti-inflammatory eicosanoids, 
competing for the same enzymes [53] (Figure 1). Furthermore, in 
the presence of different eicosanoids, human leukocytes produce 
different cytokines, depending on the type of the signal. Human 
monocytes exposed to leukotrienes (e.g. LTB4) release high 
amounts of tumor necrosis factor (TNF)-α [54]. In contrast, PGE2 
strongly inhibited the release of TNF-α by macrophages [55]. An 
enhancing role of leukotrienes on production of IL-1 and IL-6 was 
also documented [56]. 

Many of the cytokines are associated with MetS. Several 
studies [57,58] have documented direct role of circulating 
TNF-α in insulin resistance and metabolic syndrome. High levels 
of TNF-α were also found in people with type 2 diabetes. In 
addition, abdominal fat, which is one of the component of MetS, is 
assigned as a possible origin of TNF-α. There are some evidence 
of the involvement of IL-6 in MetS, but the data are inconsistent. 

The beneficial effect of n-3 PUFAs supplementation on 
inflammation markers have been shown in many studies. 
Animal studies have demonstrated inhibited production of pro-
inflammatory cytokines IL-1 and TNF after fish oil intervention 
[59]. Similar observations were reported in studies in humans. 
Dietary supplementation with n-3 PUFAs in healthy subjects was 
associated with reduced levels of IL-1, thromboxane 2, and PGE2, 

[60] and lower production of pro-inflammatory cytokines IL-1, 
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Figure 1: Dietary sources, metabolism of n-3 and n-6 PUFAs and clustering metabolic abnormalities of the metabolic syndrome.
Sourse: Ristic-Medic et al. Poly unsaturated fatty acid in health and disease. J Serb Chem Soc 2013; 78:1269–1289 (modified with written permission 
of the publisher)
Legend: AA -arachidonic acid; ALA -α-linolenic acid; DGLA -dihomo-γ-linolenic acid; DHA -docosahexaenoic acid; GLA -γ-linolenic acid; EPA 
-eicosapentaenoic acid; LA- linoleic acid; LT -leukotrienes; PG -prostaglandins; TX -thromboxanes 
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IL-6, TNF-α and TNF-β in response to an inflammatory stimulus 
[52]. Additionally, relative concentration of PUFA in plasma were 
independently associated with lower levels of proinflammatory 
markers (IL-6, IL-1ra, TNF-α, CRP) and higher levels of anti-
inflammatory markers (soluble IL-6r, IL-10, TGF–β) in 1123 
persons aged 20-98 years [61]. Taking into account all these data, 
it is clear that PUFAs have an important role in inflammation 
and MetS. While n-6 PUFAs act proinflammatory, n-3 PUFAs 
reduce inflammation, which is involved in pathogenesis of MetS. 
Therefore, dietary intervention with n-3 PUFAs is recommended 
in people with MetS. Unlikely PUFAs, there is no evidence on the 
relationship between dietary SFAs or MUFAs and inflammation.

Dietary fats, blood pressure and MetS

Changing the proportions of dietary fat by decreasing SFAs 
and increasing MUFAs decreased diastolic blood pressures (BP). 
As highlighted by a review of cross-sectional studies, an increase 
in the dietary intake of n-6 PUFAs is often associated with a 
decrease in BP pressure as well [62]. The beneficial effect on BP 
which is a component of MetS induced by fat quality was negated 
by the consumption of a high total fat intake (> 37 % of energy). 
Plasma levels of LA were inversely associated with systolic and 
diastolic BPs [63]. Meta-analysis by Morris et al. [64] found a 
dose-response hypotensive effect of 5.6 g n-3 PUFAs on, systolic 
and diastolic BP, which was reduced by 3.4 and 2.0 mmHg 
respectively in hypertensive patients. Dietary fats may modulate 
BP through different mechanisms. Possible mechanisms 
include modulation of the biosynthesis of eicosanoids: hydroxy 
eicosatetraenoates or epoxy eicosatrienoates [11,65]. PUFAs 
n-6 and n-3 are converted to prostaglandins, which reduce BP 
by affecting arterial vasodilation, electrolyte balance, and renal 
release of renin or pressor hormones. Another meta-analysis 
also supported the antihypertensive effects of n-3 PUFAs but 
that seem to be a small dose-dependent, hypotensive effect, 
dependent on the degree of hypertension [14,66]. Animal models 
and cell culture studies indicate that n-3 PUFAs supplementation 
can lower BP and proteinuria, potentially by the vasorelaxation 
action of n-3 PUFAs with increased endothelium-derived 
releasing factor and having effects on TGF-β, renin, fibronectin 
and nitric oxide synthesis [67]. 

Biomarker fatty acids, estimated desaturase activities 
and MetS 

As mentioned above, FA profile in serum/plasma lipids 
mirrors the dietary fatty acid composition over the proceeding 
weeks [8,6,68]. It has been postulated that biomarker FAs and 
estimated desaturase activities are independent risk factors 
in the development of MetS. In addition to dietary intake, 
metabolic processes and desaturation or elongation of ingested 
FA influence FA profile in plasma phospholipids and cholesterol 
esters. Estimated activities of desaturase/ elongase system are 
determined as certain fatty acid indexes: 20:4/20:3 ratio is 
used as a measure of delta (Δ) 5 desaturase, the 20:3/18:2 ratio 
is a measure of Δ6 desaturase, while 16:1/16:0, 18:1/18:0 and 
18:0/16:0 ratios represent estimated Δ9 desaturase-1 and -2 and 
elongase activities respectively [69]. Studies on animal suggested 

a key role Δ9-1 desaturase in obesity related metabolic diseases, 
while Δ5 desaturase activity has been positively associated 
with insulin action [70,71]. Several studies have indicated the 
involvement of Δ9-1 in the metabolic effects of PUFAs in the liver 
and skeletal muscle, where PUFAs down-regulate the Δ9-1 gene 
[71]. Δ9-1 desaturase is a central lipogenic enzyme, catalysing 
the synthesis of MUFAs both in the liver and skeletal muscle [70]. 

Biomarker FA, estimated desaturase activities and FA 
involved in development of metabolic and cardiovascular 
diseases can be used as biomarkers of dietary fat intake and 
therefore as the exposure variable in epidemiological studies of 
the association between dietary fat and disease outcome [72]. 
For instance, Δ9 desaturase-1 (16:1/16:0) is valuable marker 
of dietary saturated fat [73], but has also been established as an 
independent predictor of directly measured insulin sensitivity 
[70]. Further, SFA proportion in serum phospholipids can predict 
the development of MetS. High proportions of palmitic (16:0), 
palmitoleic (16:1) and dihomo-gama-linolenic (20:3 n-6, DGLA) 
acids and a low proportion of LA, have been associated with 
insulin resistance, obesity, CVD and type 2 diabetes and MetS 
[4,5,72,74,75]. Kim et al. [7] have recently concluded that the 
reduced activity of Δ5 desaturase and increased proportion of 
DGLA and DGLA/LA ratio in individuals with more risk factors 
for MetS development, indicated that altered FA metabolism may 
induce the accumulation of DGLA, possibly as a consequence 
of long-term metabolic disorders i.e. obesity and IR. Elevated 
proportions of LA in plasma phospholipids decreased the risk 
of fasting glycemia and type 2 diabetes in middle-aged men, 
while depressed levels of DHA is related increased CVD risk [76]. 
Moreover, increased estimated activities of Δ9 and Δ6 desaturase 
and reduced Δ5 desaturase have also been related to metabolic 
and cardiovascular diseases. 

Conclusion 
The failure to maintain the optimal FA composition of plasma 

lipids and cell membranes and synthesis of vasoactive and 
proinflammatory eicosanoids are the main causes of MetS. These 
findings reveal an important role of FA and their metabolites in 
the pathogenesis of the MetS. It is evident that diet rich in SFA 
induces the same serum FA acid pattern as that seen in individuas 
with MetS. High fat intake and unfavorable FA composition in 
dietary fats may influence the progression of obesity and insulin 
sensitivity. Mediterranean-like dietary pattern, avoiding excess 
intake of dietary fat and substituting SFA and TFA by MUFA and 
n-6 PUFAs, results in better insulin sensitivity. Moreover, FA 
composition of sserum phospholipids and estimated desaturase 
activity correlate with a number of MetS risk factors. Dietary 
guidelines to limit consumption of total fat and saturated fat as 
one way to reduce the cardio metabolic risk of abnormal plasma 
lipids, hypertension, insulin resistance, diabetes and obesity, 
suggested that diet-based approaches may be suitable target for 
prevention and treatment of the MetS.
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