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Abreviations 
 
MetS = Metabolic Syndrome. 
DM-2= Type 2 Diabetes Mellitus. 
NCEP-ATPIII= National Cholesterol Education Program – Adult Treatment Panel III. 
HDL= High Density Lipoprotein cholesterol. 
IDF= International Diabetes Federation. 
NHANES= National Health and Nutrition Examination Survey. 
CVD= Cardiovascular Disease. 
BLS = Botucatu Longitudinal Study. 
CeMENutri= Nutritional and Exercise Metabolism Centre. 
UNESP= Sao Paulo State University. 
PAR-Q= Physical Activity Readiness Questionnaire. 
IPAQ= International Physical Activity Questionnaire. 
VO2max= Maximum Oxygen Volume. 
CPR= C-protein Reactive. 
HOMA-IR= Homeostasis Model Assessment for Insulin Resistance. 
CAD=Coronary Artery Disease. 
MD= Mediterranean Diet. 
RCT= Randomized Controlled Trial. 
ACE= Angiotensin Converting Enzyme. 
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LTPA= Leisure-time Physical Activity. 
CRF= Cardiorespiratory fitness. 
ST= Strength Training. 
CHD= Coronary Heart Disease. 
SBP= Systolic Blood Pressure. 
DBP= Diastolic Blood Pressure. 
HR= Heart Rate. 
PUFA= Polyunsaturated fatty acids. 
 
 

Abstract 
 

Metabolic syndrome (MetS) is a complex disorder with definition and prognostic 
significance still on dispute but representing a growing public health problem. In this 
chapter by adding personal data to the reviewed literature it is described that MetS is 
determined by aging, less education and lower income subjects characterized by their 
obesogenic-atherogenic diets and lower level of physical activity. Cross-sectional 
analysis showed MetS associated with overweight, insulin resistance, inflammation and 
pro-oxidative status. Lifestyle-changes interventions are clinically more effective than 
drugs. The effectiveness of the dietary changes is based on low-energy dense diets mainly 
providing high dietary fiber intake. Increased physical activity is more effective with 
aerobic exercises (and increased cardiorespiratory fitness) than strength exercises. The 
obtained beneficial effects seem independent of body weight loss. The combination of 
both exercises along with diet is recommended for restoring health in MetS patients 
mainly through body fat loss. Follow-up data showed MetS reversal higher than 10% 
with less than six months if used combined interventions. 
 
 

Introduction 
 
Metabolic syndrome (MetS) is a constellation of multiple hypertension, dyslipidemia, and 

diabetes risk factors that cluster together and increase the risk for type 2 diabetes mellitus 
(DM-2), coronary artery disease and premature mortality [1-3]. Four major components 
identify MetS: central obesity, dyslipidemia, elevated blood pressure and elevated plasma 
glucose levels. These major components are often associated with decreased insulin 
sensitivity, impaired endothelial function, unhealthy body composition, a prothrombotic state, 
and a low level of physical fitness [4].  

 
 

Definitions 
 
There are many definitions of MetS, which are all in dispute [5]. According to the 

National Cholesterol Education Program – Adult Treatment Panel III (NCEP-ATPIII) 
guidelines [6], MetS is diagnosed clinically by meeting three of the following five criteria: 
elevated waist circumference, increased triglycerides, elevated blood pressure, elevated 
plasma glucose and reduced high-density lipoprotein (HDL) cholesterol levels. These 
measures are closely related to insulin resistance and were chosen based on their relationship 
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to the development of cardiovascular disease [7]. Differently from NCEP-ATPIII, the 
International Diabetes Federation (IDF) requires an ethnic-specific elevated waist 
circumference plus any two of the remaining four measures [8]. Thus, IDF have proposed that 
abdominal obesity is the first step in a series of events that leads to insulin resistance, glucose 
intolerance, abnormal lipoprotein-lipid profiles and hypertension [9]. 

Although both definitions are simple to use in clinical practice and share similar 
diagnostic thresholds [10] their differences make the world MetS prevalence varying 
according to its operational definitions [11]. The IDF definition of the MetS leaded to a 
higher prevalence (4.5%) than the MetS estimate based on the NCEP-ATPIII definition when 
applied to the United States National Health and Nutrition Examination Survey (NHANES) 
1999 – 2002 [12]. 

 
 

Importance 
 
MetS is associated with severe health complications. Evidence indicates that individuals 

with MetS are approximately twice as likely to develop cardiovascular diseases (CVD) and 
between 3.5 to 5 times more likely to develop DM-2 [13-15]. 

There is a lack of consensus not only in definition but also in concerns about whether  
the risk conveyed by MetS as a whole exceeds the total risk associated with  
individual components. This has led to debate concerning the prognostic significance of the 
syndrome [16-17]. 

Findings from two prospective studies suggest that despite all five components of MetS 
being associated with risk of developing DM-2 only some of the components may be linked 
with risk of developing CVD [18]. Controversy exists whether MetS detection provides 
incremental benefit beyond existing risk algorithms such as the Framingham risk score [19], 
for identifying those at high risk of CVD. In general sense, the Framingham score and the 
CVD are increased in men [20] and women [21] with MetS. Hence independently of its 
specificity MetS represents a growing public health problem [22] throughout the world in 
parallel with the increasing prevalence of diabetes and obesity [23]. 

 
 

The Botucatu Longitudinal Study on Healthy Lifestyle Promotion 
 
The Botucatu Longitudinal Study (BLS) on Healthy Lifestyle Promotion as a primary 

care for non-communicable chronic diseases (Move for Health – Mexa-se Pró-saúde) is an 
ongoing epidemiological study conducted by professionals from the Nutritional and Exercise 
Metabolism Centre (CeMENutri) of the UNESP Medical School (Botucatu, SP, Brazil). 

Botucatu is a middle size city (125.000 inhabitants) located in the center of São Paulo 
State, Brazil. The city hall provides major food-supply programs for low-income population 
[24]. 

The participants come to the CeMENutri spontaneously or by doctor recommendations 
looking for periodic preventive health examinations and for counseling regarding diet, 
physical exercises and other lifestyle factors associated with increased risk of chronic disease. 

Upon registration and accomplishing ethical protocol the subjects are submitted to a 
baseline assessments for physical activity readiness-questionnaire (PAR-Q), clinical, 
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anthropometric, dietary, physical activity, blood analysis, fitness (aerobic, strength and 
flexibility), and postural [24].  

From these assessments the participants are able to choose follow-up interventions 
involving daily sessions of supervised exercises (strength and/or jogging) combined with 
counseled (or supervised) dietary interventions [25, 26]. The follow-up assessments occur 
every 10-12 weeks. 

The evaluation of the behavioral role of diet and physical activity on the occurrence of 
MetS, its components, and co-morbidities is designed as a prospective dynamic cohort. The 
recruitment of the participants in the urban and outskirts area of Botucatu began in 1991 and 
it is permanently open with registrations and new groups beginning each semester (in 
February and August). The first semester of program is always free of charge. 

 
Prevalence of Mets 

The most recent data of BLS (2004 – 2011) showed MetS incidence (NCEP-ATP III) as 
41% (Figure 1). By using the same diagnostic criteria the MetS ranged between 13.4 and 70% 
in Europe, Asia, Australia, North and South America [27-28]. 

 
Risk Factors 

 

Demographic 
The prevalence of MetS is race dependent being higher in Caucasians than African 

American (42.5 X 20.3%) [28] or in black individuals [30] but the race differences are only 
for women [1]. 

At similar ages the frequency of MetS varies only slightly by sex as seen in our results 
(Figure 1). However it has been referred higher for men (65.1 vs 34.9%) [29] also in Canada 
(17 vs 13%) and Venezuela (35 vs 29.8%) [31]. 

It has been consistently demonstrated that the prevalence of MetS increases with age [29-
30, 32]. In our data it changed from 32.5% (<40 years old) to 53.8% (>70 years old).  

The United Kingdom data suggested that approximately 30 to 34% of adults aged 20 to 
75y have MetS while the United States data suggested frequency of 44% to their 60 to 69y 
old citizen. In a younger population (20-29y) the found MetS prevalence was 7% [31, 33]. 

 

Socieconomics 
The prevalence of MetS was higher among those with the least education as seem by our 

(Figure 1) and others data [30]. Additionally in our data MetS was more common in low 
income compared to middle-high income subjects (Figure 1). 

 

Biological 
Development of MetS is influenced by genetic as well as environmental factors [34-35]. 

The predominant environmental/behavioral risk factors linked to MetS include no alcohol 
intake (versus one to three drinks per day), cigarette smoking, obesogenic-atherogenic diets 
and physical inactivity [30]. 
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Figure 1. Baseline characteristics of participants according to absence (MetS-) or presence (MetS+) of 
metabolic syndrome. 

Lifestyle (Behavioral) 
 

Food Habits 
Higher intake of dietary carbohydrates and lower intake of dietary crude fiber [30] as 

well as of saturated fat [36] are each associated with an increased risk for MetS. 
In our data on adequate intake of fruit and the intake of more than 8 different items in the 

diet (variety) showed to be a protective factor against MetS diagnosis, while saturated fat 
intake higher than 10% of total caloric intake represented a high risk for developing MetS 
[36]. 

Even though efforts have been made to promote a healthy lifestyle, balanced diet and 
increased physical activity, the consumption of fat, meat, eggs, and dairy products has 
increased, and consumption of cereals, legumes, vegetables, and sea food has decreased [37]. 
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Physical Activity 
Several studies have reported lower MetS prevalence among individuals with higher 

levels of aerobic physical activity and cardiorespiratory fitness [38-39] while cross-sectional 
studies show that also muscular strength is inversely associated with the prevalence of MetS 
[38, 40], independent of age and body size [40]. Prospective studies that measured fitness and 
categorized participants based on fitness level show a strong inverse dose-response between 
fitness and risk of developing MetS [41-42] in men and women [43]. 

In our data the presence of MetS was associated with lower physical activity levels (IPA-
Q) and flexibility of the trunk without relationship either with VO2max or strength tests 
(handgrip). 

 

Obesity 
Obesity and high body fatness are probably the stronger risk factors for MetS as seem in 

our data (Figure 1). Risk for MetS increased 23% (20 – 27%) per 4.5kg of weight gained [30]. 
Globally the prevalence of obesity is increasing due to poor diets and sedentary lifestyles [10] 
which in general sense result in high intake of energy-dense food and lower energy 
expenditure [5]. 

 

Co-Morbidities of Mets 
Besides the low level of physical fitness the presence of MetS is often associated with 

inflammation [3], impaired endothelial function [44] and prothrombotic state [6] leading to 
premature mortality [20, 45]. 

There is an association of the presence of the MetS with higher levels of C-protein 
Reactive (CRP) [46], Homeostasis Model Assessment Insulin Resistance (HOMA-IR) [47], 
malondialdehyde [48], uric acid [49] and the Framingham score for coronary artery disease 
(CAD) risk [21]. It leads to the hypothesis that not only cardiovascular and DM-2 risks are 
increased in MetS but also unspecific systematic factors such as inflammation and pro-
oxidative status. 

 
Risk Factors for Mets Components 

In our study elevated waist circumference was associated with lower income, high-body 
fatness and lower physical activity. The association of community-dietary patterns of BLS 
with components of MetS showed that lowest odds ratio for abdominal obesity was found for 
the healthy pattern compared to western and traditional patterns [50]. Higher odds ratio for 
abdominal obesity was found to low fruit [36] and higher oil [24] intakes. Clinical trials 
showed significance results between Mediterranean diet (MD) and central obesity [51]. 

Concerning to the lipid levels, lower HDL-cholesterol was associated with high 
carbohydrate-energy intake [52]. Beneficial effect of MD on HDL-cholesterol levels was seen 
as compared to a control diet and a high saturated fat diet [53-54]. High-plasma triglycerides 
were associated with lower dietary fiber intake as well as low daily intake of whole grain, 
fruit or vegetables [55]. The odds ratio for hypertriglyceridemia was highest for those on the 
top quartile of processed-food intake [56]. Mediterranean diet was reported to have beneficial 
effects on triglycerides levels when compared to a control diet [53]. 

The present BLS’ data showed high-plasma glucose associated with lower physical 
activity. It was also positively associated with the western pattern of diet [50] and its lipid 
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content [57]. Glucose levels and HOMA-IR are also influenced by MD [22, 58]. The 
independent predictors of HOMA-IR were high fat and low dietary fiber intake with its 
highest values associated with lower consumption of fruits and higher intake of refined grains 
[47]. 

Individuals with high systolic and/or diastolic blood pressures can have beneficial effects 
with adherence to MD according to clinical trials [53, 59]. BLS previous data showed a 
positive correlation between diastolic pressure and intake of cholesterol and sugar along with 
a negative correlation with dietary fiber intake, vegetable oil servings, and diet quality [60]. 

A systematic meta-analysis with population of approximately one-half million subjects 
indicates that adherence to MD has a beneficial effect on all five MetS components [37]. 

 
Summary Points 

MetS seems more common in least-educated and low-income subjects that present lower 
physical activity and eat obesogenic-atherogenic diets characterized by low intake of fruit 
(risk for elevated waist circumference, hypertriglyceridemia and hyperglycemia), lower 
dietary fiber, vegetables and whole grains (risk for hypertriglyceridemia, hyperglycemia and 
high blood pressure), high carbohydrates (risk for low levels of HDL-cholesterol), high sugar 
(risk for high blood pressure), refined grains (risk for hyperglycemia) or processed food (risk 
for hypertriglyceridemia), high fat (risk for hyperglycemia), cholesterol (risk for high blood 
pressure) or vegetable oil content (risk for elevated waist circumference). The prevalence of 
MetS varies slightly among races and between sexes and increases with aging. 

 
 

Treatment of Mets 
 
The prevalence of the MetS has increased during recent years and is very unlikely to 

decrease, unless drastic measures are applied. This rising prevalence of MetS combined with 
its possible role in the context of diabetes and CVD prevention, has resulted in an increased 
research interest focused upon possible interventions. The effective and affordable strategies 
to combat this syndrome would be of great individual and social importance [4].  

 
Drugs 

There is no specific drug for MetS. Various pharmacological attempts are currently made 
to influence key enzymes/regulators of metabolism to favorable change the MetS [61]. 
However one may be cautions due to the potential for detrimental side effects of 
pharmacotherapy for example: a) In a study rosiglitazone was found to be effective at 
reducing incident of diabetes in people with impaired glucose regulation after 3-years follow-
up but also increased the risk of developing heart failure [62], b) Despite the proven benefits 
of statins for decreasing cardiovascular risk some evidences suggests that long-term use of 
statins may lead to a small increase in the risk of developing DM-2 [63]. Moreover because 
those pharmacological attempts are costly, usually do not change the initiators of the MetS 
disorders, and will further strain the exploding budget of the health care systems, it is 
suggested to place more emphasis on the education and motivation of affected patients, and of 
the general population. 

In a randomized controlled trial (RCT) to evaluate the effects of weight loss (after 
treatment either with lifestyle modification or sibutramine) on the risk of having MetS after 
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one year of treatment lifestyle modification either alone or in a combination with sibutramine 
significantly reduced the prevalence of MetS compared with sibutramine alone [29]. 

A meta-analysis of 13 studies including 3907 participants with MetS indicates the 
benefits of both lifestyle and pharmacological interventions to reverse MetS. NCEP-ATPIII 
definition of MetS was adopted by 11 studies, length of follow-up ranged from 26 weeks to 
10 years; mean age 41-70 years; mean body mass index 26-39 kg/m2; proportion of males 
from 21-100%, used medicines: metformin, rosiglitazone, rimonobant, sibutramine, 
fenofibrate, atorvastatin, pravastatin and lovastatin. By using mixed treatment comparison 
methods the probability that lifestyle interventions were the most clinically effective was 87% 
[10]. Thus current recommendations for the treatment of MetS encourage the use of 
therapeutic lifestyle changes such as dietary-intake modification and increasing physical 
activity [5]. 

 
Lifestyle Modifications 

The prevalence of MetS is increasing worldwide and emerging actions are necessary to 
prevent and control its development. Lifestyle interventions, including dietary changes and 
physical activity, may contribute to the prevention of this condition [64]. Interventions based 
on lifestyle changes have been shown to reduce individual disease risk factors such as high 
blood pressure, high plasma triglycerides, high blood glucose and low HDL-cholesterol [1, 
37, 65]. Lifestyle changing programs for MetS managements can be either counseled or 
supervised. The effectiveness of a general recommendation-based program of lifestyle 
intervention carried out by trained professionals versus standard unstructured information 
given by family physicians at reducing metabolic abnormalities was investigated in an Italian 
RCT. Most of the MetS components decreased in the supervised-intervention group and 
increased in the advised (by physician)-control group. The reduced risk of MetS by the 
lifestyle intervention was 31% whereas the usual care by family physicians was ineffective 
[66]. 

 

Diet 
Many scientific evidences have showed the protective effects to chronic disease risk 

factors from balanced healthy diets. Diet rich in whole grain cereal, legumes, fruits, 
vegetables, fish, nuts, and with low-fat dairy products are related to prevention of disease risk 
factors, such as hypertension, dyslipidemia, and obesity [67]. Mediterranean diet is the most 
well-studied dietary patterns. It is characterized by high intake of monounsaturated fatty acids 
(from olives and olive oil), daily intake of fruits, vegetables, whole grain cereals, and low-fat 
dairy products, weekly intake of fish, poultry, nuts, and legumes; relatively low intake of red 
meat, and moderate intake of alcohol (wine), normally with meals [37, 68]. 

Results of meta-analysis suggest that adherence to the Mediterranean dietary pattern was 
associated with lower MetS prevalence and progression [37]. 

The adherence to MD was associated with a beneficial effect with regard to MetS in 
clinical trials [69-70], prospective studies [71], and cross-sectional studies [72-73] as 
compared with lower compliance with this pattern or with a control diet, normally low-fat 
diet or usual diet [37]. The dietary pattern and the intake of specific nutrients may have 
different effects on the development of MetS [50]. In the PREDIMED study, the MD with 
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nuts significantly reduced MetS prevalence after 1 year of intervention, mainly for reducing 
waist circumference measurements and not necessarily promoting weight loss [70]. 

In spite of efforts to promote a healthy lifestyle and encourage a healthier diet and 
increase physical activity, dietary habits in the developed world and in some developing 
countries are changing toward the opposite direction. 

 

Exercise and Diet 
The single and combined effects of a 1-year diet and exercise intervention on the MetS 

were investigated in a Norwegian randomized controlled trial (RCT). At the end of the 
intervention the presence of MetS persisted in 76.5% of the exercised alone (group), 64.7% of 
the diet alone and 32.6% of the exercise-diet combination. Both dietary and exercise 
intervention had significant effects on the resolution of the MetS but the combination of both 
was significantly more effective [74]. 

Lifestyle modifications including diet and exercise to improve MetS abnormalities in a 
German setting of rural practice showed that parameters of MetS were not different from diet 
group, when regular exercise training was added. The study included 52 hypertensive (treated 
with Angiotensin Converting Enzyme (ACE)) patients with MetS that were followed for 36 
months receiving diet (caloric intake restriction) alone (n=20) or in combination with aerobic 
physical exercise (supervised 2x/week, 35 min above target heart rate + 30 min warm up and 
cool down) [5, 75]. The authors considered their data comparable to others results of 
prospective study conducted in a larger medical health care center [76]. 

 

Physical Activity 
Inactivity appears to be a primary causative factor in the pathogenesis of MetS. Exercise 

has positive effects on glucose metabolism, aerobic metabolism, mitochondrial density and 
respiratory chain protein in patients with MetS [77]. That is probably why lifestyle 
modification including increased physical activity, is considered the cornerstone of national 
recommendations for treating MetS [6]. Cross-sectional data support that obtaining at least 
150 minutes per week of moderate-intensity physical activity is associated with lower 
prevalence of MetS [78]. The effects of leisure-time physical activity (LTPA) on MetS and its 
components were investigated in a post hoc analysis of the Finnish Diabetes Prevention 
Study. The RCT lifestyle counseling involved middle-aged overweight men and women with 
impaired glucose tolerance followed for an average of 4.1 years. The increased moderate-to-
vigorous LTPA was associated with decreased likelihood of developing MetS and among the 
components of the MetS the associated was most strongly with improvements of glycemia 
[79]. 

 

Exercise 
There are numerous studies that have examined the benefits of exercise training on 

individual components of MetS. However, there are no published studies that were 
specifically designed to examine the efficacy of exercise training in the reversal of clinical 
diagnosis of MetS [78]. To address physical inactivity as one of risk factors for MetS, it is 
important to distinguish between the various categories of physical activity e.g. aerobic 
training vs strength training for their particular role in influencing risk of developing the MetS 
[65]. 
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For the purpose of general health, exercise programs should have both aerobic and 
resistance training components. The Physical Activity Guidelines Advisory Committee 
Report recommend obtaining at least 150 minutes per week of moderate-intense physical 
activity, 75 minutes per week of vigorous intensity of physical activity or a combination of 
the two. In addition, all individuals should strive for at least two days per week of resistance 
training activity [75]. 

 

Aerobic Exercises 
The benefits of exercise on metabolic disease risk factors were examined in a RCT 

comprising 6 months of exercise training in men and women aged 55 to 75 years with 
untreated blood hypertension. At baseline 42.3% of participants had MetS and at 6 months of 
intervention 17.7% of the individuals at the exercise training group and 15.1% of the 
individuals at the controlgroup had no longer MetS. Reductions in total body and abdominal 
fat and increases in leanness, largely independent of weight loss, were associated with 
improved SBP, DBP, triglycerides and insulin sensitivity [80]. 

The efficacy of exercise training in treating the MetS was investigated in black and white 
participants (17 to 65y old) from the Heritage Family Study, identified as sedentary without 
chronic disease or injury. The prevalence of MetS was 16.9% at baseline and decreased 
30.5% after 20wk of supervised aerobic exercise training (40min on a cycle ergometer, 55-
75% VO2max, 3x/wk). Among the MetS components the normalization followed the sequence 
triglycerides (43%), blood pressure (38%), waist circumference (28%), HDL-cholesterol 
(16%) and glucose (9%). There were no sex or race differences in the efficacy of exercise in 
treating the MetS [1]. 

Evidence for the efficacy of physical activity as a treatment of MetS was shown also by 
Katzmarzyk et al. [1], who reported significant reductions in MetS prevalence among a 
relatively small sample of adults following 20 weeks of supervised aerobic exercise training.  

 

Aerobic Exercise Intensity 
It has been debated whether the aerobic-exercise beneficial for patients with MetS [1] 

would be advantageous from high-intensity training [81] or moderate-intensity training [82]. 
High intensity interval training is effective in improving risk factors related to the MetS [81]. 

With the objective to determine how much exercise is recommended to decrease the 
prevalence of MetS, 227 men and women finished and had complete data for all MetS defined 
factors. After the intervention (8 months) the low-amount moderate-intensity exercise 
prescription (equivalent to walking approximately 19 km/wk) improved MetS relative to 
inactive (6 months) controls. The same amount of exercise at vigorous intensity (equivalent to 
jogging approximately 19 km/wk) was not significantly better than inactive controls. The 
high amount/vigorous-intensity group (equivalent to jogging approximately 32 km/wk) also 
improved MetS relative to controls. However, there was an indication that moderate-intensity 
may be better than vigorous-intensity for improving MetS [82]. From this point 
cardiorespiratory fitness was also raised as important for MetS treatment. 

The relationship between cardiorespiratory fitness (CRF) and MetS was investigated in 
representative samples of data (18 and 49 years old) from the United States NHANES (1999-
2002). In men the odds of MetS were significantly lower in moderate and high CRF 
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categories versus low CRF category, whereas in women these were no significant relationship 
between CRF and MetS [83]. 

 

Strength Training 
Strength training (ST) has been considered a promising intervention for reversing the loss 

of muscle function and the deterioration of muscle structure with advanced age or diseases, 
but, until recently, the evidence was insufficient to support its role in the prevention or 
treatment of disease. However, mostly of the studies indicate that ST may benefit some of the 
adverse consequences of the MetS [4, 65]. 

There are a few studies available that have examined the role of ST or quantified 
muscular strength in the prevention or treatment of MetS [38, 40, 84]. 

In the Finnish Diabetes Prevention Study the participants submitted to resistance training 
sessions as leisure-time (followed for an average of 4.1 years) responded well to their MetS 
components. The responses were different in individuals who were in the upper third of 
participation rate (median 51 times/year) compared with individuals in the lowest third 
(median 8.5 times/year) [79]. 

The association of muscular strength with MetS incidence was investigated by Jurca et al. 
[40] with 3233 males (20-80 years) free of MetS (NCEP-ATPIII definition). After a follow-
up of 6.7±5.2 years 480 individuals developed MetS which was inversely associated with the 
incremental categories of muscular strength. This association persisted even after mostly 
adjustments (smoking, alcohol intake, family histories of DM-2, hypertension and premature 
coronary heart disease (CHD)) but it was attenuated when further adjusted for 
cardiorespiratory fitness. Thus, the inverse relationship between muscular strength with MetS 
incidence is independent of age and body size with a joint effect with cardiorespiratory 
fitness. 

The Australian cross-sectional investigation consisted of 1195 men aged between 35 and 
81 years [85]. The authors concluded that a substantial proportion of MetS cases would have 
been prevented (approximately 14% to 24%) with increases in muscle mass and strength 
achieved with a short ST program. However, besides this promising conclusion data from 
RCTs are not available on the direct effect of ST on the MetS as an outcome measure [65]. 

Evidences support the hypothesis that ST reduces insulin resistance or improves insulin 
action comes both from indirect biomarkers (glycosilated hemoglobin and insulin responses 
to oral glucose tolerance tests) as well as from direct procedures (hyperglycemia and 
hyperinsulinemia-euglycemic clam techniques) [65]. 

Evidence for the use of ST as a countermeasure of abdominal fat, obesity is less 
convincing. Although some reports show statistically significant reductions in visceral fat, it 
is unclear if the magnitude of these changes are physiologically meaningful and if they are 
independent of dietary influences [65]. 

The efficacy of ST as an intervention for reducing dyslipidemia is more consistent in 
reducing triglycerides levels and inconsistent with the others, particularly when ST is 
compared with other pharmacological and non-pharmacological interventions, such as 
aerobic-exercise training [65]. 

Finally, small to moderate reductions in resting and exercising blood pressure have been 
reported with some indication that this effect of ST may be genotype dependent [65]. 
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Strength Training and Aerobic Exercises Comparisons 
In order to compare the effects of ST vs AT in patients with the MetS Stensvold et al. [4] 

studied 43 patients trained (3x/week during 12 weeks) either on aerobic interval training 
(n=11), ST (n=11) or combined (n=10) along with a non-exercised control (n=11). It was 
concluded that all three training programs have beneficial effects on physiological 
abnormalities associated with MetS. However, aerobic training is more effective than both ST 
and combined training in improving risk factors e.g. Systolic Blood Pressure (SBP) and 
Diastolic Blood Pressure (DBP) defining MetS. 

 

Strength and Aerobic Combinations 
A RCT comprising cross-training effects on MetS reversal was conducted by Steward et 

al. [80] with 115 patients (55-75 years) 51 males and 53 females. They completed 26 weeks 
of exercise training (3x/week) composed by ST (two sets of 10-15 repetitions at 50% of 1RM 
in 7 exercises) plus 45 minutes of aerobic training using either a treadmill, stationary cycle or 
stair stepper, set at 60% to 90% of maximum heart rate (HR). The exercises significantly 
increased aerobic and muscle fitness, lean mass and HDL cholesterol, and reduced total and 
abdominal fat and DBP. 

 

Botucatu’s (BLS) Data 
The effects of mixed protocols of lifestyle changing program involving cross-training 

exercises and dietary counseling on the MetS components have been also investigated in the 
BLS: 

 
a) Lifestyle changing program including supervised physical exercises (cross-training 

65% to 85% HR, 80min,  3 times/wk) and dietary counseling (monthly) conducted 
in a sample (n=104, 54.1 ± 7.7 years old, 74% females) of the BLS resulted after two 
years in body (6.1%) and abdominal (2%) fatness normalization [25]. 

b) Six months of the above protocol was effective to reduce 60.5% of overweight 
subjects with impaired fasting glucose in a RCT [86]. 

c) Additionally, by applying the protocol to hypertensive non-medicated men (n=49) 
the normalization of blood pressure achieved 46.5% after 8 months [87]. Attempts to 
modify lifestyle to improve MetS risk factors are often unsuccessful due to low 
compliance. Simpler intervention approaches on diet and physical activity are now 
being investigated [56]. 

d) A 24.2% reduction of MetS was found when subjects (55 ± 9 years old, 74% 
females) were submitted to supervised cross-training and dietary counseling protocol 
during 6 months. However, 10.8% of non-MetS subjects at baseline developed MetS 
at the end of intervention. The predictive factors for its reduction were the increase of 
HDL-cholesterol and the decrease of blood pressure, and the predicted risk factors 
for the MetS appearance during the intervention were the increase of BMI, plasma 
glucose, triglycerides and uric acid and the decrease of dietary fiber intake [88]. 

e) Dietary fiber intake adequacy as a strategy to limit the energy consumption in 
association with a cross-training-dietary counseling protocol was investigated in a 
longitudinal quasi-experimental study involving overweight subjects. The 10-week 
high dietary fiber intake intervention combined with cross-training exercises was 
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associated with a 24% reduction of MetS incidence while it increased 6% in the 
control-exercised group [89]. Thus with this strategy (dietary fiber adequacy) the 
MetS resolution of 24% was shortened from 24 weeks [88] to 10 weeks [90].  

f) It is well known that dietary fat intake plays an important role in the 
protection/development of MetS. Polyunsaturated fatty acids (PUFA n-3) are related 
to the lower risk of coronary heart disease and MetS [91-94]. PUFA (3g/day) 
associated with cross-training exercises and with dietary counseling protocol were 
investigated in 61 adults (50 ± 13.8 years old, 85% females) in a RCT using the BLS 
subjects. After 20 weeks of intervention both groups increased CRF and the 
reduction of MetS found in the n-3 PUFA intervention group was 29%, mainly due 
to normalization of blood pressure (33%) and triglycerides (27.3%), and the 
decreasing of waist circumference [95]. 

 

Summary Points [2] 
In the treatment of MetS therapeutic lifestyle changes is more clinically effective than 

drugs. However, body weight loss induces strengthen the MetS reversion effects of lifestyle 
changes. This is valid to either drugs or dietary interventions. The adherence to the MD 
dietary pattern is associated with lower MetS prevalence and its progression.  

MD and dietary-fiber adequacy act predominantly by reducing waist circumference 
component of MetS. Increased physical activity is considered the cornerstone of 
recommendations for treating MetS. However, the combination of exercise with dietary 
changes is more effective than each one alone. 

Moderate-intensity exercise may be better than vigorous-intensity exercise for improving 
MetS which would reflect the lower odds ratio of MetS in moderate and high CRF categories 
versus low CRF category.  

Aerobic exercises are effective (5-6 month-period) in reducing MetS acting mainly on 
normalization of plasma glucose, triglycerides and HDL-cholesterol, and blood pressure 
mostly independente of body weight loss. 

Strength training is considered a promising intervention for reversing MetS. However, by 
the fact that this association is attenuated when adjusting for CRF strength exercises training 
may serve as an effective countermeasure to some of the adverse consequences of MetS.  

The compliance to cross-training is higher than to the isolated trainings. Moreover, the 
strategy to limit the energy consumption through dietary fiber adequacy in association with a 
cross-training protocol has been shown to accelerate the MetS reversion in a reduced length 
of intervention. 
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