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B Abstract

The metabolic syndrome is a combination of metabolic dis-
orders, such as dyslipidemia, hypertension, impaired glucose
tolerance, compensatory hyperinsulinemia and the tendency
to develop fat around the abdomen. Individuals with the
metabolic syndrome are at high risk for atherosclerosis and,
consequently, cardiovascular disease. However, as a result of
several epidemiologic studies and some clinical trials, it has

been suggested that people with the metabolic syndrome
may benefit from intensive lifestyle modifications including
dietary changes and adopting a physically more active life-
style. In this review we summarize the effects of diet and
physical activity on the development of the metabolic syn-
drome.
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Defining the metabolic syndrome

he metabolic syndrome is a collection of condi-

tions associated with metabolic disorder and in-
creased risk of developing cardiovascular disease.
Conditions such as dyslipidemia, high blood pressure,
impaired glucose tolerance and abdominal fat accumu-
lation fall into this category [1-5]. Investigations were
aimed at the establishment of a quantitative definition
for the associated conditions. However, these efforts
led to multiple definitions that are partly inconsistent
and disputed.

The metabolic syndrome was first described in the
1940s by Jean Vague, who linked abdominal obesity to
metabolic abnormalities. Three decades later, in the
1970s, Gerald Phillips, suggested that aging, obesity
and sex hormone-associated clinical manifestations,
now referred to as the metabolic syndrome, are associ-
ated with heart disease [1]. More recently, in 1988, Ge-
rald Reaven proposed insulin resistance, and not obe-
sity, as the critical factor and named the constellation
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of abnormalities Syndrome-X [2]. However, the most
widely used definitions were established by the World
Health Organization (WHO) and the National Choles-
terol Education Program Adult Treatment Panel 111
(NCEP ATPIII). These otrganizations regarded the
metabolic syndrome as a cardiovascular risk factor be-
side elevated low-density lipoprotein (LDL) cholesterol
[6, 7]. Atherogenic dyslipidemia (a prothrombotic
state), insulin resistance, hypertension, abdominal obe-
sity and elevated levels of various inflammatory mark-
ers were then regarded as the prominent characteristics
of the metabolic syndrome [8]. Kim and Reaven
claimed that although WHO and NCEP ATPIII use
the same term to define this condition (i.e., metabolic
syndrome), both pursue different diagnostic aims and
use different criteria to identify individuals, which re-
late to their different institutional goals [9]. In contrast
to the WHO definition, the NCEP ATPIII does not
include the measurement of insulin and therefore may
fail to detect insulin resistance. Nevertheless, the
NCEP ATPHI definition appears to be more predic-
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tive regarding the risk of developing the syndrome
than the WHO definition, i.e. failure to detect insulin
resistance need not be a disadvantage.

In 2005, the International Diabetes Federation
(IDF) Epidemiology Task Force suggested a new defi-
nition for the metabolic syndrome, focusing on central
obesity [10]. Comparing the three definitions with re-
spect to their areas of use, the WHO criteria appear to
be more suitable for research purposes, while the
NCEP ATPIII and IDF criteria seem to be more use-
ful for clinical practice. The latter require only fasting
assessments of blood samples, while WHO criteria re-
quire oral glucose tolerance tests, which can meaning-
fully confirm insulin resistance but are less practical in
epidemiological or clinical studies. In general, the
NCEP ATPIII and IDF definitions give more weight
to obesity and sedentary lifestyle, whereas the WHO
emphasizes the importance of insulin resistance as an
undetlying etiology of the metabolic syndrome. The
common feature of all three definitions is that the
definition of the metabolic syndrome should include
characteristics of atherogenic dyslipidemia, insulin re-
sistance, hypertension and obesity. However, only the
IDF definition considers obesity as a prerequisite and
takes into account that obesity in Asian and other
populations differs in its definition from obesity in
Europeans [10]. Nevertheless, each of the defining ab-
normalities may promote atherosclerosis independ-
ently, but when clustered together, these metabolic
disorders, beside elevated LDL cholesterol, are increas-
ingly atherogenic and may substantially enhance the
risk of cardiovascular disease. Because each independ-
ent factor of the metabolic syndrome can increase the
individual’s cardiovascular risk, an integrated and com-
prehensive approach is necessary for people afflicted
with the syndrome.

It is now widely accepted that the treatment of hy-
pertension, obesity and dyslipidemia should be primar-
ily based on weight-loss diets and exercise programs to
increase physical activity and to ameliorate progtress of
the symptoms. In this review we present a summary
and assessment of the existing research regarding in-
terventions in the metabolic syndrome and of epide-
miologic studies on diet and exercise in relation to the
prevalence of the metabolic syndrome (or diabetes,
which may lead to the development of the syndrome).

Epidemiology of the metabolic syndrome

In this section, we review studies on lifestyle
changes and metabolic syndrome. However, first we
examine the prevalence of this condition at the popula-
tion level. It is supposed that a substantial proportion
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of individuals living in Western nations are afflicted
with multiple metabolic abnormalities [3]. A recently
published report by the NCEP ATPIII estimates that
at least 47 million Americans are afflicted with this
condition and projects the number of US citizens with
metabolic syndrome to be between 50 to 75 million in
2010 [11]. Considering Europe, Hu ¢ al. from the
DECODE Study group teported that the age-
standardized prevalence of the metabolic syndrome
was 15.7% in men and 14.2% in women [12]. For the
Mediterranean region, Ferrannini ef a/. estimated that
more than 70% of adults have at least one of the major
characteristics of the metabolic syndrome [13]. In this
context, the ATTICA Study, comprising 1,500 women
and men from Greece, estimated the prevalence of the
metabolic syndrome at 25% in men and 15% in
women [14]. Recently, Athyros ¢f al., who considered a
Northern Greek population, reported that the age-
adjusted prevalence of the NCEP ATP IIl-defined
metabolic syndrome was 25% whereas the IDF-
defined prevalence was 43% [15]. Furthermore, the
prevalence of the metabolic syndrome in a Portuguese
population was 27% in women and 19% in men [16].
A very similar result was derived from an examination
of a Korean population, where the prevalence of the
metabolic syndrome was 29% in men and 17% in
women [17], while in another study of the same popu-
lation the prevalence of the syndrome was only 13% in
both men and women [18]. Differences in genetic
background, dietary habits, levels of physical activity,
population age and sex structure and levels of over-
and under-nutrition may influence the prevalence of
both the metabolic syndrome and its components
worldwide. Nevertheless, all these epidemiologic stud-
ies suggest that the prevalence of the syndrome is high
worldwide. This could be due to increasing obesity and
sedentary lifestyles and reflect the growing necessity
for therapeutic intervention.

The role of diet in the treatment of the meta-
bolic syndrome

The NCEP ATPIII suggested therapeutic lifestyle
changes (TLC) in order to reduce the prevalence of the
metabolic syndrome [11]. Among several factors re-
lated to lifestyle habits the beneficial effect of diet has
already been highlighted in many clinical and epidemi-
ological studies [19-29]. During the last decades in-
creasing scientific evidence has emerged that protec-
tive health effects can be obtained from diets that are
rich in fruits, vegetables, legumes and whole grains,
and which include fish, nuts, and low-fat dairy prod-
ucts. Such diets need not be restricted in total fat in-
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take as long as energy intake does not exceed caloric
expenditure and if they emphasize predominantly
vegetable oils that have a low content of saturated fats
and partially hydrogenated oils. As the intake of spe-
cific nutrients may have different effects on the devel-
opment of metabolic syndrome characteristics the fol-
lowing sections focus on separate nutrient groups in
order to clarify their roles in disease and treatment.

Table 1. Summary of selected studies evaluating dietary habits in relation to the metabolic syn-

drome or associated conditions

Fat is a general term used to refer to oils, fats and
waxes. Usually the daily energy intake consists of 30%
fat, but no more than 10% of these calories should
come from saturated (animal) fats. The residual energy
should be obtained from polyunsaturated or monoun-
saturated oils [27]. Saturated fats promote dyslipide-
mias and, consequently atherogenesis. The consump-
tion of unsaturated fats, derived mostly from vegetable

Study Design Sample

and gender

Outcome

Panagiotakos e# a/. [14] Cross-sectional 3,042 men and

women

Keys ez al. [20] Prospective 11,579 men
FU: 15 yr

Trichopoulou e# al. [21]  Prospective 182 elderly men
FU: 5 yr and women

De Lorgeril et al. [26] Randomized clinical

trial

605 myocardial in-
farction survivors

Martinez-Gonzalez ez al.  Case-control 171 myocardial in-

[26] FU: 14 yr farction patients

and 171 controls

Trichopoulou ez al. [28]  Prospective 22,043 men and
FU: 44 mo women

Decreased risk of having
the metabolic syndrome
due to Mediterranean diet

Increased risk of CHD
mortality due to saturated
fat

Decreased CHD risk due
to monounsaturated fat

Reduced risk of mortality
due to Mediterranean diet

Reduced risk of CHD
mortality due to Meditet-
ranean diet

Reduced risk of CHD
risk due to Mediterranean
diet

Reduced risk of CHD
mortality due to Meditet-
ranean diet

Legend: CHD: coronary heart disease. FU: follow-up.

Nutrients and the metabolic syndrome

Carbohydrate consumption has been a critical fac-
tor blamed for weight gain, obesity, diabetes, and a
number of other diseases. It is important to recognize
that such problems may be associated with the excess
consumption of the wrong carbohydrates such as sim-
ple sugars (i.e., table sugar), but not with complex car-
bohydrates. Large proportions of complex carbohy-
drates (such as potatoes, breads, corn, etc.) in the diet
are recommended.

High-fiber diets have received considerable atten-
tion in recent years due to their association with de-
creased incidence of several metabolic disorders such
as hypertension, diabetes, obesity, as well as heart dis-
ease and colon cancer.
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oils such as safflower, corn,
olive and soybean oil, may be
able to prevent serious disor-
ders, such as atherogenesis,
hypertension and  conse-
quently the metabolic syn-
drome.

Nutritional studies suggest
that we only need relatively
small amounts of protein for
good health. The require-
ments for adults are 0.8
grams per kilogram of body
weight. Increased protein in-
take may be detrimental for
obese persons and those with
kidney disease [30]. See Table
1 for a summary on studies
evaluating dietary habits in
relation to the metabolic syn-
drome or associated condi-
tions.

Dietary patterns
Diets should include a bal-

anced intake of nutrient ele-

ments [27]. During the past

two decades a large body of
evidence has related balanced dietary patterns, such as
the Mediterranean, to lower mortality rates, decreased
prevalence of some metabolic disorders (obesity, high
blood pressure), as well as lower incidence of coronary
heart disease and vatious types of cancer.

The Mediterranean dietary pattern has received
much attention in the last ten years [22, 24-29, 31]. It is
characterized by the use of olive oil, which is impor-
tant not only because it has several beneficial propet-
ties, but also because it allows the consumption of
large quantities of vegetables in the form of salads and
equally large quantities of legumes in the form of
cooked foods. Other essential components of the
Mediterranean diet are wheat, olives and grapes, and
their various derivative products. Total lipid intake
may be high - around or in excess of 40% of total en-
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ergy intake - however, the ratio of monounsaturated to
saturated fats is much higher in the Mediterranean re-
gions than in other places of the world. A potential
explanation for the beneficial effect of this dietary pat-
tern on human health is that it is low in saturated fat,
high in monounsaturated fat, mainly from olive oil,
high in complex carbohydrates from legumes, and high
in fiber, mostly from vegetables and fruits. The high
content of vegetables, fresh fruits, cereals and olive oil
guarantees a high intake of beta-carotene, vitamins C
and E, polyphenols and vatious important minerals.
These key elements have been suggested to be respon-
sible for the beneficial effect of this diet on human
health [22]. Interestingly, duting the last years, several
researchers have associated the Mediterranean diet
with improvements in the blood lipid profile (in par-
ticular HDL cholesterol and oxidized LLDL), decreased
risk of thrombosis (i.e., fibrinogen levels), improve-
ments in endothelial function and insulin resistance,
reduction in plasma homocysteine concentrations, and
a decrease in body fat [24-29, 31].

Furthermore, antioxidants represent a common
element in the Mediterranean diet and antioxidant ac-
tion provides a plausible explanation for its appatent
benefits [27]. It is known that wild edible greens fre-
quently eaten in the form of salads and pies contain
very high quantities of flavonoids. Although there is
no direct evidence that these antioxidants are central to
the benefits of the Mediterranean diet, indirect evi-
dence from epidemiological data and an increasing un-
derstanding of their mechanisms of action suggest that
antioxidants may play a major role. Recently, the AT-
TICA Study investigators showed that adherence to
the Mediterranean diet was associated with 20% lower
odds of having the metabolic syndrome, irrespective of
age, sex, physical activity, lipids and blood pressure
levels [14].

The role of exercise

In the late 1970s several observational studies sug-
gested that mortality or morbidity caused by athero-
sclerotic disease was inversely related to the individ-
ual’s physical activity status [32-40]. Even though exer-
cise is considered a cornerstone in the treatment of
diabetes, a condition that is strongly related to meta-
bolic syndrome, only a few studies have investigated its
relationship with cardiovascular disease risk in diabetic
persons. In a sample of 492 diabetic men and women
from the National Health and Nutrition Examination
Survey, followed-up for 2 years, Ford and DeStefano
[36] found that inactivity in non-leisure time was sig-

www.The-RDS.org

nificantly associated with higher rates of coronary
death. Data from an average 8.2-year, prospective, fol-
low-up of 8,715 men in a preventive medicine clinic in
the USA demonstrated a higher risk of all-cause mor-
tality for unfit compared to fit persons, within each of
three glycemic status levels [37]. See Table 2 for a
summary of studies evaluating physical activity in rela-
tion to the metabolic syndrome or associated condi-
tions.

In a sample of 1,263 diabetic men, followed-up for
12 years in the Aerobics Center Longitudinal Study,
participants who reported being sedentary had an ad-
justed risk for mortality of 1.7 compared to those who
were physically active [38]. In another sample of 5,125
diabetic nurses from the Nurses Health Study, after 14
years of follow-up, the investigators found a 45% mul-
tivariate-adjusted reduction in cardiovascular disease
risk with moderate to vigorous activity compared to
sedentary [39]. The Whitehall Cohort Study investi-
gated the relation of two indices of physical activity -
walking pace and leisure activity - to total mortality,
coronary heart disease and other cardiovascular dis-
eases, in a 25-years follow-up of 6,408 male British
civil servants [40]. Among 352 diabetic men and 6,056
non-diabetics at study entry, the investigators found
that the two indices of physical activity were inversely
related to all-cause, coronary heart disease and other
cardiovascular disease mortalities in both normogly-
cemic men and men with diabetes/impaired glucose
tolerance.

More recently, Tanasescu e a/. [41] from the Health
Professionals’ Study, during a 14-year follow-up of
2803 men, observed a 42% multivariate-adjusted re-
duction of total mortality and a 33% multivariate-
adjusted reduction of cardiovascular disease incidence
in the highest quintile of physical activity compared
with the lowest.

The Finish Diabetes Prevention Study (DPS), a
randomized clinical trial including 522 men and
women with impaired glucose tolerance, intended to
investigate if leisure-time physical activity is associated
with the prevalence of type 2 diabetes [42]. The goal
for physical activity in leisure times was an exercise of
> 30 min/day. The study showed that people with in-
creased moderate-to-vigorous leisure time physical ac-
tivity were 65% less likely to develop diabetes after
vatious adjustments for changes in diet and body
weight. In a similar study, the Diabetes Prevention
Program (DPP) included 3,234 obese subjects with
impaired glucose tolerance but not diabetes and ran-
domized them to metformin, lifestyle changes (diet
and exercise) and placebo [43]. The investigators in-
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troduced a lifestyle-modification program with the
goals of at least a 7 percent weight loss and a physical
activity of = 150 min/wk. It could be observed that
both treatments, lifestyle changes and metformin, were
significantly different to placebo. However, lifestyle
changes were more effective than metformin with a
reduced incidence of diabetes of 58% (lifestyle) com-
pared to 31% (metformin) [43].

In contrast to the number of studies that investi-
gated the association of exercise with the development
of diabetes or cardiovascular disease, data considering
specifically the metabolic syndrome are sparse in the
literature. One of the epidemiologic studies that evalu-
ated the association between physical activity and the
prevalence of the metabolic syndrome was the AT-
TICA Study [14]. The results showed that even light-

to-moderate leisure time physical activity (<7 kcal/min
expended) was associated with a considerable reduc-
tion in the prevalence of the metabolic syndrome in
3042 men and women from the general population.
Regular, intensive exercise was associated with a much
greater decrease [14]. In addition, the ATTICA Study
investigators demonstrated that the adoption of the
Mediterranean diet by physically active people was as-
sociated with greater reduction in the odds of having
the syndrome than diet or exercise alone, after adjust-
ing for several potential confounders. Thus, the com-
bination of beneficial health factors in terms of nutri-
tion and exercise explained at least a part of the reduc-
tion in the prevalence of the metabolic syndrome; and
this effect still remained beneficial when considering
differences in lipids as well as inflammation and coagu-

Table 2. Summary of studies evaluating physical activity in relation to the metabolic syndrome or associated conditions

Study Design Sample Outcome
and gender
Fortd ez al., 1991 [36] Prospective 492 diabetic men Decreased risk of CHD mortality due
FU: 2 yr and women to any type physical activity
Kohl e al., 1992 [37] Prospective 8,715 men Decreased risk of mortality in diabet-
FU: 8.2 yr ics due to leisure type of physical ac-
tivity
Da Qing IGT and Diabetes Prospective 577 men and women Decreased risk of developing T2DM
Study, 1997 [63] FU: 6 yr with IGT due to physical activity and diet
Malmo Preventive Trial, Prospective 288 men and women Decreased risk of developing T2DM
1998 [62] FU: 12 yr with IGT due to physical activity and diet
Wein ez al., 1999 [64] Prospective 200 men and women Decreased risk of developing T2DM
FU: 6 yr with IGT due to physical activity and diet
Wei et al., 2000 [38] Prospective 1,263 diabetic Decreased risk of mortality due to
FU: 12 yr men leisure type of physical activity
Hu ez al., 2001 [39] Prospective 5,125 diabetic women Reduced CVD risk due to leisure type
FU: 14 yr of physical activity
Batty et al., 2002 [40] Prospective 352 diabetic men Reduced risk of CHD and CVD mot-
FU: 25 yr tality due to leisure type of physical
activity
Tanasescu ez al., 2003 [41] Prospective 2,803 diabetic Reduced risk of CHD, and CVD
FU: 14 yr men mortality and morbidity due to any
type of physical activity
Finnish Diabetes Prevention Prospective 522 men and women Reduced risk of diabetes due to
Study, 2001 [42] FU: 3.2 yr physical activity and diet
Diabetes Prevention Prospective 3,234 obese men Reduced risk of diabetes due to
Program, 2002 [43] FU: 2.8 yr and women physical activity and diet

Panagiotakos ez al., 2004 Cross-sectional

[14]

2,282 men and women

Reduced odds of metabolic syndrome
due to any type of physical activity

Legend: All studies included both exercise and diet advice. IGT: impaired glucose tolerance. CHD: coronary heart disease. CVD: cardiovascular disease. FU:

follow-up.
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lation factors [44].

The level of physical activity needed for a beneficial
impact on coronary risk remains controversial. The
Center for Disease Control and Prevention and the
American College of Sports Medicine recommend the
accumulation of at least 30 minutes of moderate-
intensity physical activity (equivalent to brisk walking
at 3-4 mph), on most, preferably all, days of the week
on the basis of documented improvements in fitness,
for the general population [45]. This level of activity is
well tolerated by most middle-aged or older individu-
als. However, people who are initially unfit or seden-
tary should start at lower intensity. Nevertheless, it
could be strongly suggested that even low levels of
physical activity may modify the status of the clinical
and biochemical components of the metabolic syn-
drome and, therefore reduce its prevalence in the
population [45].

Behavioral therapy
(rather than treating risk factors)

!

Lifestyle changes

\ 4

Healthy diet

Exercise

|

Underlying risk factors

l
I l l |

ObeSitYl Dyslipi-l Hyper- l Hyper-
demia tension glycemia

!

Risk of MSl

{

Risk of l

Risk of CVDl
diabetes

Quality of life T Life expectancyT

Figure 1. A conceptual model for lifestyle changes and
better health. MS: metabolic syndrome. CVD: cardio-
vascular disease.
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The protective role of physical activity has been at-
tributed to various mechanisms. On the one hand,
physical exercise has favorable effects on traditional
cardiovascular risk factors; on the other, the positive
effect can be attributed to a direct action of physical
activity on the heatt itself leading to increased myocar-
dial oxygen supply, decreased myocardial oxygen de-
mands, formation of collateral coronaty circulation,
improved myocardial contraction and electrical stabil-
ity of the heart [45].

The theoretical mechanism for chronic exercise
promoting a reduction in body fat involves increased
total daily energy expenditure without a corresponding
increase in energy intake. It is generally accepted that
long-term physical activity of sufficient intensity, dura-
tion and frequency has a favorable effect on weight re-
duction and body fat distribution. Evidence supports
the hypothesis that the effectiveness of exercise to in-
duce weight loss is directly related to the initial degree
of obesity and the total amount of energy expenditure
[46].

The beneficial effect of physical activity on blood
pressure levels has also been shown [47-49]. In particu-
lar, it is now accepted that moderate levels of exercise
can significantly decrease blood pressure in patients
with mild to moderate essential hypertension.

Although physical activity has an insignificant effect
on blood lipid levels, some investigators have shown
the overall benefit of physical activity in modifying
blood lipid profiles. The Pawtucket Heart Study group
reported that physical activity was significantly associ-
ated with higher HDL-cholesterol levels [49]. More-
over, among 3,000 adult Japanese men the frequency
of physical activity was independently and positively
related to HDL-cholesterol [50]. Similarly, a pooled
analysis among three European cohorts consisting of
elderly men demonstrated a significant relation be-
tween physical activity and HDL-cholesterol [51]. Re-
ports by Ford [52], and King [53] studying approxi-
mately 14,000 adult participants in the National Health
and Nutrition Examination Survey III (1988-1994)
showed that the time devoted to physical activity was
inversely associated with some inflammatory marker
levels, such as C-reactive protein, plasma fibrinogen
concentration and the number of white blood cells, af-
ter adjusting for several potential confounders. Simi-
larly, Abramson ef al. [54] reported that physical activ-
ity was independently associated with a lower probabil-
ity of having elevated inflammatory marker levels
among healthy US adults aged 40 years and older, in-
dependent of several confounding factors. An inverse
relation between plasma fibrinogen levels and leisure
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time physical activity has also been reported by several
others [55-58] (Table 2).

Lifestyle approaches to treating and preventing the
metabolic syndrome vary, but neatly all experts agree
that parameters involved in the syndrome are greatly
improved by reducing body weight and increasing the
level of physical activity (Figure 1). Recently, Roberts ¢z
al. [59] and Stone et al. [60] revealed by an extensive
review of the literature that lifestyle modifications
mitigated disease progression and reversed existing
disease. Small changes can lead to great improvements,
not for achieving a perfect lifestyle but for working
towards a better and healthier one. However, it should
be noted that although lifestyle changes can provide
many benefits for human health, and especially for the
management of the metabolic syndrome, sometimes
these changes are difficult to implement and maintain.
Therefore, drug treatment including statins, ACE in-
hibitors, angiotensin-II receptor blockers, and oral
antidiabetic agents can be considered. It has been
shown that these drugs are able to reduce effectively

the levels of underlying risk factors for the metabolic
syndrome such as dyslipidemia, hypertension, hyper-
glycemia and the risk of developing diabetes [61].

Concluding remarks

The metabolic syndrome seems to be an emerging
epidemic that affects roughly one out of five persons
in Western industrialized countries. Similar to other
chronic diseases, the metabolic syndrome is a complex,
lifestyle-dependent illness. Its solution is not difficult
to achieve: eat less, exercise mote. These solutions
must become part of everyday life and be woven into
our social life to be effective. Health care professionals
need to help people to understand the potential bene-
fits that may result from the introduction of dietary
patterns and exercise, and support them in adopting
and adhering to these behavioral patterns. Actually, so-
ciety as a whole needs to acquire a profound con-
sciousness of the relevance for health of lifestyle fac-
tors such as nutrition and activity.
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