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ARTICLEINFO ABSTRACT
Article history: The metabolic syndrome (MetS) is a global public health issue of increasing magnitude.
Received 13 September 2013 The Asia-Pacific region is expected to be hardest hit due to large population numbers, rising
Revised 2 June 2014 obesity, and insulin resistance (IR). This review assessed the protective effects of dietary
Accepted 19 June 2014 patterns and their components on MetS. A literature search was conducted using prominent
electronic databases and search terms that included in combination: diet, dietary
Keywords: components, dietary patterns, and metabolic syndrome. Articles were restricted to
Metabolic syndrome prospective studies and high quality randomized controlled trials that were conducted on
Diet humans, reported in the English language, and within the time period of 2000 to 2012.
Mediterranean diet Traditional factors such as age, gender, physical activity, and obesity were associated with
Dietary patterns risk of MetS; however, these potential confounders were not always accounted for in study
Asia outcomes. Three dietary patterns emerged from the review; a Mediterranean dietary
Human pattern, dietary approaches to stop hypertension diet, and the Nordic Diet. Potential

contributors to their beneficial effects on prevalence of MetS or reduction in MetS
components included increases in fruits, vegetables, whole grains, dairy and dairy
components, calcium, vitamin D, and whey protein, as well as monounsaturated fatty
acids, and omega-3 fatty acids. Additional prospective and high quality randomized
controlled trial studies that investigate Mediterranean dietary pattern, the dietary
approaches to stop hypertension diet, and the Nordic Diet would cement the protective
benefits of these diets against the MetS.

© 2014 Elsevier Inc. All rights reserved.

1. Introduction high-density lipoprotein cholesterol (HDL), high fasting tri-

glycerides (TG), high fasting blood glucose, and abdominal
The metabolic syndrome (MetS) is a clustering of risk factors obesity [1]. In Caucasian populations, the presence of the MetS
for cardiovascular disease (CVD) and type 2 diabetes mellitus is associated with at least a 2-fold increased risk of CVD [2] and

(T2DM) which include: high blood pressure (BP), low fasting at least a five-fold increased risk for T2DM [3]. In Asian
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populations, the MetS is associated with even greater risks of
CVD and T2DM [4], thus highlighting the importance and
relevance of MetS worldwide. As with other chronic diseases,
the prevalence of MetS is increasing [4,5], with current
prevalence estimates in the Asia-Pacific region between
~10% and 30% [2,4,6].

Preventing and treating this syndrome is an area of public
health urgency from the viewpoint of improving the morbidity
and mortality statistics as well as in reducing its economic
burden. The precise pathogenesis of the syndrome is
still unknown with central adiposity [7], insulin resistance
(IR) [8-10], and inflammation [11], all being individually
implicated, despite the considerable inter-relationships between
them [11,12]. Environmental factors that modulate MetS risk
include exercise, climate, socioeconomic status, and diet. In a
recent review [12], we highlighted the association between MetS
and several metabolic factors. We postulated that the adipocy-
tokine, adiponectin, may have a key role in MetS as many diets
and nutrients benefit MetS through increases in adiponectin.
The focus of this review was to examine the evidence on dietary
patterns and their components that were protective for the
syndrome. In doing so, we also aimed to identify priority areas
for research.

2. Literature search procedure for diet and MetS

Studies were identified by conducting an electronic search of
the following databases: Proquest Central, PubMed Central,
Science Direct, and Wiley Online Library. Individual Journals
were also searched for relevant studies, these included:
American Journal of Clinical Nutrition, Cardiovascular and Metabolic
Risk, Circulation Journal, Diabetologia, European Journal of Clinical
Nutrition, and Obesity Journal. Studies known to the authors
that satisfied the inclusion criteria outlined below were also
included. The following key words, in various combinations,
were used: diet, dietary patterns, dietary components, and
metabolic syndrome. Articles were restricted to human
studies in the English language that reported individual
MetS components as primary endpoints and were published
within the time period of 2000 to 2012. Prospective epidemi-
ological studies which fulfilled the above criteria and high
quality randomized controlled trial (RCTs), as determined by a
Jadad score >3 [13] were then identified and included in this
analysis, as their design provides high level evidence for
causative links between diet and disease. Two reviewers (EKC
and PKP) independently assessed the eligibility of all studies for
inclusion. Any discrepancy was resolved through discussion.

3. Dietary patterns and MetS

We separated the evidence with prospective cohort studies
(n = 5) that described diet and MetS relationships in Table 1
and high quality RCTs (n = 7), as determined by a Jadad score
>3 [13], that examined the causal relationship between diet
and MetS featured in Table 2. Three dietary patterns emerged
from our analysis: a Mediterranean dietary pattern (MDP), a
dietary approaches to stop hypertension (DASH) diet, and the
Nordic Diet (ND). All dietary patterns showed benefits in at

least two of the MetS components, with two studies showing
benefits in all five MetS components (Tables 1 and 2).

3.1. MetS and a Westernized dietary pattern

Although some studies have focused on the importance of
individual foods for MetS [14], focusing on dietary patterns
rather than single nutrients or food groups is preferred due to
the expected synergistic effect on disease risk. The Dietary
Guidelines for Australian Adults [15] advocates the following
dietary pattern to reduce the risk of CVD and T2DM: plant
foods including fruits, vegetables, legumes, and whole grain
cereals; animal foods including meat, fish, and poultry; low fat
dairy; limiting total fat intake to a moderate amount; limiting
saturated fat; choosing foods low in salt; consuming only
moderate amounts of sugar; and limiting alcohol intake.
However, Australians typically consume low amounts of fruits
and vegetables and high intakes of meat and processed
convenience foods that are high in salt, sugar, and saturated
fat [16]. This pattern, otherwise known as a Westernized
dietary pattern (WDP), is very similar to current eating
patterns in North America [17] and increasingly similar to
patterns emerging in Asian-Pacific countries [18]. This may
reflect commonality of influence between population groups
due to globalization of the food supply [19]. Prospective
studies have identified a WDP to be positively associated
with MetS incidence, even after adjusting for adiposity among
other confounders such as smoking status and PA [20]. Hence,
the detrimental effect of the WDP goes beyond its effect on
weight status.

3.2 MetS and the MDP

The MDP, as traditionally consumed in Southern Europe,
has received significant attention regarding its apparent
protective effect against MetS. This pattern is characterized
by a diet rich in monounsaturated fatty acids (MUFA) from
olives and olive oil; daily intake of whole grain cereals, fruits,
vegetables, and dairy; and weekly intakes of fish, poultry,
nuts, and legumes. Several studies have found the MDP to be
associated with a lower MetS prevalence [21,22]. Moreover, a
systematic review and meta-analysis of epidemiological
studies and RCTs confirmed that adherence to a MDP was
associated with reduced risk of MetS compared to control diets
[23], as noted through beneficial effects on all individual criteria
for the syndrome. Another meta-analysis also concluded that a
MDP reduced hemoglobin Ay, a long term indicator of high
blood glucose levels [24].

It is possible that the MDP may exert its benefits on MetS
through improvements in insulin sensitivity (IS) and/or
inflammation. A well-designed prospective study found
improvements in all components of MetS, except for BP, and
improvements in IR as well [25]. Evidence that the MDP may
act to reduce MetS via decreased inflammation [26] comes
from an RCT of good quality [27] which found that, indepen-
dent of weight loss, the MDP lowered C-reactive protein and
interleukins 6, 7, and 8 (IL-6, IL-7, and IL-8) compared to a
general healthy diet (50%-60% carbohydrate, 15-20% protein,
<30% total fat). The authors indicated that fiber, omega-3 fatty
acids, and antioxidants were potential mediators of the
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Table 1 - Prospective studies examining the relationship of diet and components of MetS

Authors & year Study details Component of MetS Comments
lWC |BP |Glucose 1HDL ITG
Lutsey, Steffen & Study: Prospective Dairy protective of MetS No association with a healthy eating pattern
Stevens 2008 [20] Subjects: America, 9514, 45-64 y, Dairy protective against incident MetS
healthy Western diet promotes MetS
Duration: 9y
Primary outcome: MetS prevalence
Tortosa et al. 2008 [22]  Study: Prospective Yes No effect No effect Yes No effect Highest adherence to MDP had lowest cumulative
Subjects: Spain, 5360, no MetS incidence of MetS.
or risk factors
Duration: 6 y
Primary Outcome: MetS risk
Rumawas et al. 2009 [25] Study: Prospective Yes No effect Yes Yes Yes MDP associated with lower HOMA-IR and lower incidence of MetS
Subjects: America, 1918, Very good control for confounders
no risk marker
Duration: 7 y
Primary outcome: MetS components,
incidence
Kesse-guyot et al. 2012 [30] Study: Prospective Yes Yes - Yes Yes Decreased risk with increased adherence to MetS diet by UMDS,
Subjects: France, 3232, non diabetics MDS (trend for MSDPS p = 0.06)
Duration: 6 y UMDS associated with reduced WC, BP, TG and higher HDL
Primary outcome: MetS components, MDS associated with lower TG and WC
MetS risk MSDPS associated with higher HDL
Good adjustment for confounders
Adherence to diets low
Fumeron et al. 2011 [44] Study: Prospective Yes Yes - Yes Yes Cheese, dairy other than cheese and dietary calcium associated
Subjects: France, 1710 M, 1725 F, (Only women with with reduced risk of MetS
non diabetics high calcium intake) High calcium and cheese intake associated with low TG
Duration: 9y Adjusted for confounders
Primary outcome: MetS risk
Forouhi et al. 2008 [55]  Study: Prospective No effect No effect Yes No effect No effect Decreased IR and MetS risk with higher vitamin D
Subjects: England, 214 M, 310 F, Adjusted for adiposity
40-69 y, non diabetics
Duration: 10 y
Primary outcome: MetS risk
Fung et al. 2012 [56] Study: Prospective Yes Trend Yes Yes No effect Higher vitamin D intake from diet and supplement associated with
Subjects: America, 4727, 18-30 y, p=0.09 lower incidence by 18%

free of MetS
Duration: 20 y
Primary outcome: MetS incidence,
MetS components

Independent of dietary and supplemental calcium
Did not adjust for adiposity

HOMA-IR, homeostasis model assessment-insulin resistance; M, male; F, female.
1, increased; |, decreased, —, not measured.
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Table 2 - Randomized controlled trials examining diet and MetS risk and MetS components

Authors & year Study details Quality Component of MetS Comments
score ®
lWC |BP |Glucose tHDL ITG
Esposito et al. 2004 [27] Study: Randomized, single-blind trial of Mediterranean or 3 Yes Yes Yes Yes Yes MDP decreased prevalence
control diet (healthy diet) of MetS. All inflammatory
Subjects: Italy, 99 M, 81 F with MetS markers decreased
Duration: 2 y independent of weight loss.
Primary outcome: MetS, CRP, IL 6-8
Salas-salvado et al. 2008 [33] Study: Participants randomly assigned to one of 3 diets: Yes Yes No effect No effect Yes The one year prevalence of
MDP and virgin olive oil (VOO), MDP and mixed nuts, MDP &  MDP & MDP MetS was reduced by 6.7%
or advice about a low fat diet (control) VOO VOO & VOO in MDP and VOO, 13.7%
Subjects: Spain, 1264 M and F, M 55-80 y, F 60-80 y, with T2D only only only in MDP and nuts, and 2%
and/or 3 or more CVD risk factors in control diet.
Duration: 4 y After adjustment for weight
Primary outcome: Primary prevention of CVD change, and the MDP and
nuts diet had a protective
effect on MetS prevalence.
Azadbakht et al. 2005 [35] Study: RCT, one of 3 diets; usual, weight reducing and DASH 3 Yes Yes Yes Yes Yes DASH diet decreased MetS,
Subjects: Iran, 116, 34 M, 82 F, overweight or obese with MetS adjusted for weight loss.
Duration: 6 months Weight reducing diet
Primary outcome: MetS components improved WC and TG levels.
Adamsson et al. 2011 [36] Study: RCT; Nordic diet or control diet (Western diet) 3 - Yes No effect Yes No effect Nordic diet reduced plasma
Subjects: Sweden, 88 mildly hypercholesterolaemic cholesterol, and insulin.
M and F, otherwise healthy, 25-65 y, Minimal but significant
Duration: 6 weeks decrease in body weight.
Primary outcome: CVD risk factors
Uusitupa et al. 2013 [38] Study: RCT; Nordic diet or control diet (mean nutrient intake 3 No effect No effect No effect No effect No effect Significant changes

in Nordic countries)
Subjects: Sweden, Denmark and Iceland, 166, mean age 55y
Duration: 18-24 weeks
Primary outcome: MetS components

between groups in non-HDL
cholesterol, HDL to LD ratio,
supporting the Nordic diet

29S
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Zemel et al. 2004 [43]

Paniagua et al. 2011 [63]

Williams et al. 2011 [64]

Study: Randomized placebo controlled; low calcium diet
(500 caloric deficit diet with either 400-500 mg of
dietary calcium/d + placebo), high calcium diet

(400-500 mg of dietary calcium + 800 mg/d calcium)

or high dairy diet (1200-1300 mg/d calcium + placebo)

Subjects: America, 32 obese adults
Duration: 24 weeks

Primary outcome: Body weight and body fat

Study: Participants from eight European centers
randomly assigned to one of 4 diets; HSFA, HMUFA,
low fat high CHO + 1.24 g/d of LC n-3 PUFA (LFHCn-3),

low fat high CHO + placebo (LFHC)

Subjects: Europe, 337 with MetS, 35-70 y

Duration: 3 months

Primary outcome: MetS criteria, MetS prevalence
Study: RCT; low fat high protein (HP) or low

fat high fiber (HF) diet

Subjects: England, 83 overweight and obese

but otherwise healthy F, 18-65 y
Duration: 8 weeks
Primary outcome: MetS components

Yes

Trend

P =0.09
LFHCn-3,
HSFA

Yes

Yes

Yes
LFHC,
LFHCn-3

Yes in
HP only

No effect

No effect

Yes

No effect No effect

No effect Trend P = 0.1
LFHC
LFHCn-3

High dairy diet had greatest
decrease in WC, followed by
high calcium diet. Only dairy
showed significant improvement
in IS. Only high dairy improved
systolic BP.

Isoenergetic diets and good power.

Decrease in prevalence (20.7%) of
MetS following the LFHCn-3 diet
unexplained by body weight,

IR or change in PA

Excellent compliance

Energy intake significantly lower
on HF than HP. Data was adjusted
for change in weight but not body
fat which was also available.
Realistic diets

Amounts of protein, fat and

fiber not defined for HP

and HF diets

1, increased; |, decreased, —, not measured.
& 0-2 = low quality, 3-5 = high quality from Jadad et al. (1996 21; M, male; F, female; y, years; CRP, C reactive protein; IL 6-8, interleukins 6-8; T2D, type 2
diabetes; HSFA, high fat high saturated fat; HMUFA, LC n-3 PUFA, long-chain omega-3 polyunsaturated fatty acids; LFHC, low fat high CHO + placebo.
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effects. While critics of the MDP have been concerned with the
relatively high percentage of fatin this dietary pattern, there is
no evidence of significantly higher body weight or body fat
following a MDP in a free-living situation [28]. It may also be
argued that the MDP is not a single dietary pattern, since there
are many diets in the Mediterranean region, each with its own
emphasis on types of foods [29]. This apparent limitation was
potentially overcome by assessing the risk of MetS via a
number of MDP assessment tools.

A cohort study examined adherence to the MDP via three
validated MDP scoring tools [30]. These tools included the
traditional Mediterranean diet score (MDS), an updated
Mediterranean dietary score (UMDS), and the Mediterranean
style-dietary pattern score (MSDPS). The three tools differed in
their assessment of grains as whole grain or refined, the
inclusion of sweetened beverages as a negative component,
and adjustment for energy intake. After adjustment for
covariates including age, gender, education level, tobacco
smoking status, and PA, the UMDS tool found the MDP to be
inversely associated with waist circumference (WC), systolic BP,
and TG and positively associated with increased HDL [30]. The
MDS tool found the MDP was associated with lower WC and TG,
and the MSDPS found this dietary pattern to be positively
associated with HDL. Further adjustment for body mass index
did not alter these findings, except that the relationship
between the MDS and TG became non-significant [30]. Such
data emphasizes that excess body weight/adiposity only
partially drives the beneficial relationship between MetS and
the MDP.

3.2.1. Nuts and olive oil as components of the MDP

A regular intake of nuts has beneficial outcomes on metabolic
disturbances linked with MetS [31,32]. The PREDIMED study
investigated the impact of two traditional MDPs (MDP 1 was
enriched with virgin olive oil (VOO) and MDP 2 was enriched
with nuts) compared to a low-fat control diet [33]. Specifically,
the nut diet was enriched with walnuts (15 g per day),
hazelnuts (7.5 g per day), and almonds (7.5 g per day), and
the VOO diet consumed 15 L of VOO over three months. After
one year, it was found that the group consuming the VOO diet
had less abdominal obesity compared to the control diet, and
the group consuming nuts had decreased TG, BP, and
abdominal obesity compared to the control diet and the VOO
diet. The prevalence of MetS was also reduced in subjects on
both the diet enriched with nuts and VOO, although this was
only significant in the diet enriched with nuts [33].

3.2.2. Low red meat intake as a component of the MDP

A further analysis of the PREDIMED data investigated the
association between red meat and processed meat consump-
tion and the development of MetS [34]. Evidence indicated that
moderate to high consumption of red meat (average of 103 g
per day) and high consumption of processed red meat (~50 g
per day) increased the risk of developing MetS three-fold [34].
However, it was unclear from the study how red meat and
processed meat were defined. Adjustment for saturated fat
and other dietary variables did not remove this significant
association [34]. Thus, the mechanism behind the association
between red meat intake and MetS does not rest with its
saturated fat composition.

3.3. The DASH diet and MetS

The DASH diet is characterized by a high intake of fruits,
vegetables, whole grains, and dairy. A RCT was conducted in
which a control diet, a weight reducing diet with energy
deficit, and a DASH diet with the same energy deficit were
compared. The control diet consisted of 50-60% carbohydrate,
15-20% protein, 30% total fat with a high saturated fat intake,
2-3 servings of fruits, 3 servings of vegetables, and 1 serving of
dairy. The macronutrient composition of the weight reducing
diet with an energy deficit was similar to the control diet, but
with higher amounts of red meat, fat, and saturated fat than
the DASH diet; and calcium intake, dairy, nut, and legume
intakes were lower than the DASH diet. After adjustment for
weight change, the DASH diet was found to improve all
components of the MetS [35], with improvements in WC and
TG beyond that of the weight reducing diet.

3.4. The ND and MetS

The ND diet is based on traditional foods consumed in the
Nordic region (Northern Europe), and includes fruits, vegeta-
bles, legumes, low fat dairy, fatty fish (salmon, mackerel,
herring) oats, barley, and almonds [36,37]. A recent RCT
investigated the impact of the ND compared to a control diet
(habitual Western diet lower in cholesterol, higher in fiber,
and lower in saturated fat than the ND) on MetS parameters,
including changes in cholesterol and IS [36]. Following 6 weeks
on the ND, a significant decrease in daily energy consumption
was seen, whereas no change occurred in the control diet.
This was not a reporting error, as a significant decrease in
body weight was also observed after consumption of the ND.
After adjustment for weight loss, participants consuming
a ND showed significant improvements in total choles-
terol (-0.98 + 0.75 mmol/l) and low-density lipoprotein
cholesterol (LDL) (-0.83 + 0.67 mmol/l); however, HDL (-0.08 +
0.23 mmol/l) also decreased. The results are likely due to the
significantly lower dietary cholesterol consumption, lower
saturated fat, and higher dietary fiber intake in the ND.
Although BP and IS improved, these changes became non-
significant after adjustment for weight loss [36]. Other studies
have similarly investigated the impact of the ND compared to a
control diet [38]; cholesterol levels showed improvement and
there was a significant difference in IL1Ra between the diet
groups. The lack of significant findings in the later study may be
due to the control diet also being a ND.

3.5. Fruits, vegetables, and whole grains as components of
MDP, DASH, and ND

It is possible that the higher intake of fruits, vegetables, and
whole grains may have mediated the positive effect of the
three dietary patterns discussed above on MetS, and there
was a significant difference in IL1Ra between the diet groups.
Fruits and vegetables have been found to lower the risk of
MetS and inflammation [21,39], as well as decrease BP [21].
Significant inverse associations between whole grain intake
and MetS have been shown, independent of confounders
including other dietary factors. A higher whole grain intake is
associated with lower fasting blood glucose and body mass
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index [40]. More quality studies focusing on this is important
since current dietary guidelines around the world recom-
mend a high intake of these foods. The low glycemic index
(GI) of fruits, vegetables, and whole grains may be the
mechanism for the observed benefits of the MDP, DASH
diet, and ND on MetS characteristics. However, few studies
have examined the association between GI or glycemic load
(GL) of diet and MetS [21]. As rice and refined wheat products
which characterize Asian diets are high GI/GL [41], and
the average GI/GL value of diets in the United States of
America have increased [42], this is an important area for
future research.

3.6. Dairy as a component of MDP, DASH, and ND

Dairy has been described as protective against the development
of MetS. Studies have shown a reduced visceral adipose tissue
mass following dairy consumption [43]. Furthermore, RCTs of
high quality show the benefit of dairy on at least two MetS
components [43], as do several prospective studies (Table 2)
[20,44]. However, a recent systematic review indicated that the
evidence is supportive, but not yet conclusive of a beneficial
effect on MetS [45]. The conflicting results may be, in part, due to
the study designs available (cross sectional/observational), the
inability to control for all potential confounders, and the many
systems of classification of MetS used [45].

There are many components in dairy that could have a
beneficial effect on risk markers that comprise the MetS, such as
whey protein. Milk proteins are classified as casein (80%) and whey
(20%). Whey leads to increased energy expenditure and reduces
energy intake by its contribution to short and long term feelings of
satiety [46,47]. Whey also provides branched chain amino acids
that may have a positive effect on muscle mass and bone, due to an
insulin-like growth factor 1 [48]. Such changes favor a negative
energy balance through increased energy expenditure of muscle
mass and would account for the greater fat loss but preservation of
muscle mass that is seen in some studies following whey intake
[49]. Consumption of whey protein has also been shown to reduce
fasting lipids and could improve IS [50].

Calcium and vitamin D are two other components of dairy
which may account for the beneficial effects of dairy on the MetS.
An RCT indicated that there was an increase in fat loss in the
abdominal region, with an increased intake of calcium through
consumption of yogurt [51]. Calcium promotes fat oxidation and
increases fecal fat excretion [52,53], which represent potential
mechanisms for the reduction in body fat [54], WC [51], and the
lowering of circulating TG [44] that is seen with additional calcium
intake. Multiple studies have found a positive association between
low vitamin D status and MetS risk [55,56]; however, results do not
always take adiposity changes into account [22,56] (Table 1). It
has been suggested that vitamin D exerts its positive influence on
MetS via IS effects [55,57,58]. Furthermore, in a blinded randomized
cross-over trial, dairy consumption was shown to increase
circulating adiponectin levels [59], and adiponectin is well known
to have IS effects [7] and promote improvements in all risk markers
of MetS [60]. As both adiponectin [61,62] and vitamin D decrease [62]
with increasing adiposity, these two variables may play a key role
in the pathogenesis of the syndrome. Intervention studies to
examine the effect of vitamin D on adiponectin levels, IR, adiposity,
and MetS are now needed.

3.7. Carbohydrate, protein, and fat intake and MetS

Comparisons of dietary patterns low in fat (28% of energy)
[63,64], high in carbohydrate (CHO) (50%) [63], and high in
protein (amount not specified) [64] show benefits on MetS
components (Table 2). However, not all studies define the
amounts that constitute high fat, high carbohydrate, and high
protein. In an 8-week RCT [64], both a low-fat, high-protein
diet (HP) (frequent intakes of non-starchy vegetables and red
meat, eggs, and cheese) and a low-fat, high-fiber diet (HF)
(high intakes of fruit, salad, and root vegetables; low intakes of
fried foods and processed meats), improved WC, glucose, and
TG levels, as well as total cholesterol and LDL. However, the
HP diet had further beneficial effects on BP and a greater body
fat loss, despite greater energy intakes.

The effects of four iso-energetic dietary treatments, which
differed in quantity and quality of fat, were studied for 12 weeks in
subjects with MetS [63]. After 12 weeks of dietary intervention, the
diet containing the low-fat high carbohydrate (LFHCn-3) with 1.24
g per day of omega-3 fatty acid supplementation (Marinol C-38)
with an eicosapentaenoic acid (EPA) and docosahexaenoic acid
(DHA) ratio of 1.4:1 [65] produced the greatest benefits, with
improvements in BP, abdominal obesity, TG, and prevalence of
MetS [63]. The decrease in prevalence (20.7%) of MetS following
the LFHCn-3 diet was unexplained by body weight, IR, or change
in PA. Although this study provided evidence for the protective
effect of a low-fat, high carbohydrate diet supplemented with
omega-3 fatty acids on MetS, it is limited by its short duration.
Cross-over designs of a long-term duration are now needed.

The association between fatty acids and MetS is now recognized
[6] and has recently been reviewed [21]. Saturated fatty acids and
trans fatty acids were found to be adversely associated with MetS
components. Intake of unsaturated fatty acids, which includes
MUFA, omega-3 polyunsaturated fatty acids (PUFA), EPA, DHA, and
alpha-linoleic acid (ALA) and omega-6 polyunsaturated fatty acids,
have been found to reduce the risk factors associated with MetS
[66,67]. Specifically, MUFA were shown to be associated with
decreases in BP and TG, increases in HDL, and improved glycemic
control [21,68]. It was previously suggested that the protective
associations of MUFA with MetS may be due to increased beta cell
secretion, thereby improving glucose stimulated insulin secretion
[21]. It is important to acknowledge that fatty acids are not
consumed in isolation, and a greater proportion of saturated fatty
acids are found in animal food products than in plant products. For
example, although many Western countries have a high dietary
intake of MUFA, this is often associated with a high saturated fat
intake through higher consumption of animal products, including
dairy products and meat products [69].

Omegas-3 PUFAs, EPA, and DHA, are associated with im-
proved blood lipids. A review article concluded that EPA and DHA
reduced TG and BP [21]. A double blind RCT study showed TG
levels improved with DHA supplementation (4-6 g per day),
although LDL cholesterol worsened (on the 4 g per day dose only)
[70]. While there is other support for DHA supplementation
on lowering plasma TG [71] and increasing LDL cholesterol levels
[71-73], one other study found no change in LDL cholesterol
levels [74]. A recent review identified the positive effects of
EPA and DHA was likely to be due to inhibiting very-low-density
lipoprotein secretion and enhancing clearance of TG
from plasma. However, these authors also indicated a need
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for studies to use purified EPA and DHA in order to isolate
their effects [75].

Omega-3 fatty acids, EPA, DHA, and ALA are associated
with improved inflammatory profiles, resulting in less potent
inflammatory mediators compared to omega-6 fatty acids
[76]. However, it is not as simple as reducing intakes of omega-
6 fatty acids, as studies show beneficial effects of omega-6
fatty acid intakes on MetS components and risk [67]. While itis
recognized that EPA, DHA, and ALA have different metabolic
effects, attempts to differentiate the separate effects of ALA,
EPA, and DHA are often confounded by a diet rich in omega-3
fatty acid sources [76]. It is possible that adiponectin mediates
the well-documented relationship between omega-3 fatty
acids and inflammation. Adiponectin levels have been found
to increase following the consumption of walnuts, a natural
source of omega-3 fatty acids [77]. Future studies should
investigate whether adiponectin is a mediating factor in the
relationship between omega-3 fatty acids and inflammation.

4, Future research

Despite a comprehensive search strategy, a limitation of our
narrative review is the possibility of missing some of the evidence
in this area. However, based on our criteria, we did not uncover
any compelling data from the Asia-Pacific region that empha-
sized their traditional cuisine and putative protection against
MetS. Our analysis also suggests that additional prospective and
high quality RCT studies that investigate MDP, the DASH diet, and
the ND would cement their benefits. In particular, both the MDP
and ND work really well in their regions of origin, but there is a
lack of research examining their effect in other parts of the world.
One potential research direction may be to conduct multicenter
studies that represent different ethnic groups of interest, and
thereby extend the applicability of such dietary patterns in the
battle against MetS.

5. Conclusion

This review highlights those dietary patterns that are
associated with the lowering of MetS characteristics, along
with potential dietary components responsible for such
outcomes. Viewed collectively, these results are in line with
the current dietary patterns that are recommended through
the Dietary Guidelines of many countries. From the
current evidence based on prospective studies and RCTs,
we conclude that the MDP, DASH, and ND all have benefits
for MetS. This would stem in part from their emphasis
on fruits, vegetables, whole grains, fish, nuts, and dairy.
To extend their benefits, future studies could examine the
applicability of these diets for the prevention of MetS outside
of the regions where they are traditionally consumed.
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